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| N T R O D

U C T | O N

(G.S.Smith, .S. Cornforth,C.J. Clark, G.E. Malden)

The past two decades have seen a remarkable ingrease in
horticultural production in N2 Many new crops are now
grown for which basic information on fertiliser réquiremernts
s nol readily availlable. Inaddition, many different types and
tormulations of fertiliser are appeanng on the market. which
further add to the growers’ confusion about which fertiliser
should be applied

While tertiliser costs are usually & relatively small fraction
of the total production costs in horticultura, incorrect deci-
sipns as 1o the quantity or nutrien! composition of the let
tiliser applied can have a disproportionate effect an the
profitability of the venture There are many recorded ex
amples in NZ where considerable losses of production and
In some cases additional effects on past-harvest storage of
the crop have resulted from nutritional disorders arsing from
such decisions.

The purpase of this bulletin s to bring together information
on lertiliser requiremenis of horticultural plants commonly
grown in N2 11 has been written primanly for adwisers and
growers with the aim of answering the question, whal types
and rates ol terthiser are neaded 10 maximise production
of my crop? The information is largely confined ta conven

tional solid fertilisers, but comments areg ncluded on altei

native forms such as fohar fertiiser where rehable results
are available

A uniform format has been used for each crop with infor-
mation on special features, nutrient composition of leaves,
fertilser requirernents, and symptoms of common nutntional
disarders. Additlonal sections have also been included on
suills tor horticulture, estimating. nutnentl reguirernents,
monitaring the nutrient status of the crop with soil and plant
analysis, and fertiliser materiais and methods of application

The reader should be awara, however, that for some crops
there are large gaps in our knowledge aboul their nutrient
requirements. In these cases the recommendations given
are very tentative. It s intended o update this bulletin per-
iodically so that new knowledge can be incorporated

PLANT NUTRITION
Essential elements

For an element to be considered an essenial plant nutnent,
three criteria must be mel. These are:

1A deficiency of the element prevents the plant from
campletng its life tycle.

2. The deficiency is speeific for the element In question

3. The slement is ditectly involved in-the nutrition of the
plant, as lor example a constitient ol an essennal
metabolite or required for the actvity ol an anzyme
system

Thi following chemical elements are known (o be essen-
ual far higher plants

Carbon C Potassium K Iran Fe
Hydrogen H Calcium Ca Mapganese fin
Oxygen {3 Magnesium Mg Melybdenum Mo
Nitroger Boron B Znc Zn
Phosphorus P Chilonne o]
Sulphur S5  Coppst A

Planl nutrients may be dividad into macronutnents and
micronuinents. Macronumens (C, H, O, N, P, §, K, Ca,
Mgl are needed in plants n greater amounts than
micronutnents (B, Cl, Cu, Fe, Mn, Mo, Zn), Plants may #lso
contain considerable concentratons ol non essential ele
ments such as aluminium which, In some cases, may be
toxic B them

SOILS FOR HORTICULTURE

The suitability of a particular area ol land Lo garow any crop
depends primarily on the climatic condilions at the site and
on the physical properties of tha soll. The inherént cheml
cal fectility of the sail 15 less important since nulriant deh
ciencies can pormally be corrected with lertilisers. An
exceplion o his general slatement 13 the presence of cal
cateous horizons which gan induce deficiencies ol Fe and
Mn and preclude the cullivation of encaceous species Soil
salimty s another chemcal property which resiticts the suit
ability of land for cropping.

While some aspects of chmate can ba modified by, for ex
ample wind breaks or frost control procedures, the spaalic
climate requiremeants of most commercial crops normally
controls their geographical distribution

Crop plants are usually less specific in their soil physical re-
guirements, so that we can describe properties which make
a soil suitable, or potentally suitable for crop production in
general.

Soil physical properties and plant requirements

Plarts depend on the soil for anchorage, waler and nulrients
while the roots of most plants require an external supply
of oxygen. Space in which roots can grow, the removal of
excess water, the retention ol adequate supplies of avail
able water and the rapid exchange of air between the root
surface and the sail surface all depend on a network of irer-
connecting soil pores with a wide range of sizes. Whila this
pore system must be reasonably stable, pores must net be
so nigid as to prevent penetration-and deformanon by roots
Texturally, the most suitable soils will vary from sandy to
clay loams, will have a Inable consistency and a stable,
granular structure. The presence ot compacted or cement-
ed horizons within the normal rocting depth of the crop 1o




be grown will restrict the movement of alr, water and rools
and effectively limit the depth of soil which can be exploned
by plamts. Such layers are 51l unpdesirable aven if well ha-
low the normal range of roots This 1s because they cause
perched water tables to develop in wet seasans which also
decrease the eHechive depth of available soll

Soil temperaturs, which influences rcrobial agtyvity, ool
arowth and ihe length of the growing season, 1= influencead
by elimate, lautuds, soil colour and drainaga  Light colotured
ar paorly dramed soils will waem maore slowly in spring Uhar
those with darker calours and betier drainage

Soil properties and management

Topagraphy influgnces the suitability of soils for aullivation
with slopes greater than 127 causing problems with
wheelad velncles. While sloping land has the advantage of
shedding cold air and decreasing lrost hazards, it also in-

creases the nisk of erosion. Water Infillration rates and the:

stability of surface structure also intluence erosion: The pos-
sible Irequency, inténsity and dutation of flooding most be
assessed from climate data and the miternal and surlace
drainage charactenstics of the soil

Recontouring land to decrease slopes must be done wilh
grizat caution to.avoid expasing undesirable subsoil matar
idls ar producing artiticl profiles with pogt phyeical
propétties

Easa ol culbvation s influenced by soil compaction, (he stab:
ity of aggregatian, stoniness, wetnuss and the bednng cap:
acity of the soll

The nged tor dranage and the sultability ot drainage can
be assessed trom soil properties already descnbed, Sim-
larly the need for Irrigation and the mathod, frequency.and
intensity of irngation are influenced by soll porasity INrough
Its conirol of water infiltrition, drainage and retention

Assessment of soils in the field

When assessing the suitability of solls tor hortieulural use,
the principal physical properties which should ba considered
are slope, tooling depth, porogily, aeration, texiure and tha
presence ul compacted or cemented honizons  Aerabion can
be assessed by sall colours' warm brown colours imply gead
agration, cold greys imply poor aeration and rusly motiles
Indicate alternale periods of anaerobic and aerobic con-
ditions,

Comprahensive systems tor assessing, quantifying and clas:
sifying these propertiss have been devised by the stall of
the Soil Resources Section of the NZ Soil Bureau, Detalls
of these systems are heyond the scope of this bulletin and
should be obtained from the Sail Bureau

Distribution of soils for horticulture

Leamy (1874) discussed the classification of NZ sails for
horticulture and defined those with high actual or potential
value tor food production. The disfingtion belween actual
and potertial value is based on the amount of amelioration
tequired, Bollard (1881} lists the areas of solls In these
categories in the main horticultural areas of the country
While the total area of such soils comprises 10% of the land
arga of NZ, the areas actually used for fruil or vegetable
production (in 1880} varied from 0 2 percent of the pos-

sible area in Southland to 30% In Martborough and avat-

‘aged 3 4 percent tor the whole country. As Bollard | 1981)

points out, whife it is probable that in many areas the best
and most easily developad land is already baing used for
horticulture, (tis also frua that there ate stull available targe
areas of land suitable (or development

ESTIMATING NUTRIENT REQUIREMENTS

The total requirement of each nutrient element tor any cron
depends on the yield and the average concentration of tha
elernent in the lissues of the planl neaded Lo secuyre that
yield. In many instances detailed information from fertiliser
inals on the quantity of fertiliser needed o maintam max-
rmum production s currently lacking, particularly tor the
diverse 50l types and climales which exist in this country

In the absence of such information an alternative approach
has been adoptéd In this bulletin which involves estimating
Ihe guantity ol nutnents removed in the marketable vield

Nulrients lost in this mannar represent the rnimum
arounts needed to be replaced from soil reserves of el

tilisze additions each year if yields are to be mantamad

Allowances also need W be made fof nulriants remaved
from the root zone by leaching and lor the efficiency wilh
which crops can absoth nutrients applied in fertilisers. The
extant 1o which nutnents are transported down the soll pro-
lile: varies considerably batween soils. Freely trained soils
are very prong to nutient removdl by leaching. O the major
plantnutnents, phosphates are leached at the slowesl rales
while nitrates are (eadily leached. Fertiliser nutrlents are also
rendered at least iemporanly unavailable 1o plants if they
are strongly adsorbed by soil particles or are incorporated
into arganic materials |n soils

FERTILISER MATERIALS

Having determinéd the amoun! of each nutrient element re-
guired 1o mantain maximum production, recemmendations
must be convered into rates of gommercially available fer
lliser matenals

All fertilisers are registergd and sold in NZ untler the ele-
menl rating scheme which 1s expressed 3s the percentage
of NPK in the material In some couniries however, nutriant
contanl 18 expiessed in terms of the oxide concentiations,
P04 for P and K50 for K. Nitrogen is expressed internationally
as elemental N, These differences can lead 1o confusion as
the P,0¢ content is more than twice the P conient Conver-
sion factors are as follows:

Ka %
Pa0s %

0.83
0.44

L]
e

Fertiliser types
The ¢hoice of fertiliser to be usad depends on

1 Nutrient content: Tables.4-10 list fertiliser matenals and
show their nutnent contents In addition to these mater-
ials there 15 a range ol proprietory mxtures available
which contain various combinations of the plant
nutrents,

2. Nutrient congentrations: These are alsa listed i Tables
4-10. These figures are needed lo calculate ferlisar
rates from requirements given in elemental terms {son
below), and to calculate the relative value of firtilise
materials in nutrient terms.




3. Cost per kg of nutrient: This is calculated by dividing
the cast per tonne of fertiliser by Its nutrent concen-
tration multiplied by 10,

For example:

Urea 46% N, $452/tonne

Cost per Kg N =

452 = 50.98

46 = 10

Calcium Ammanium Nitrate (CAN), 28% N, $543onrie

Costperkg N =

543 = §1.94

28 = 10

In this example, urea is about half the cost per unit of N
than CAN.

q

Nuinent availability: This refers to both the proportion
of nutrients applied in fertilisers which is available 1o
plants, and the rate al which thay become available
Water soluble nutfients (such as the Kin all K tertilisers)
are immediately availabie for either uptake by plant
rools, to react with soil matenals, or ta be washed out
of the root zone. Some waler inseluble nutrnants such
as N in-organic fectiliser must be released by rmicrobial
action before thay are available to plarts, Other water
insoluble nuirients dissolve 50 slowly that they are of
fittle value to plants, while in others the rate of release
of nutrients can satisty the planis demand. Variable
nutrient availability |s rmost important when salecting
sulphur and phosphate fertilisers,

Sulphate-S |suparphosphate, ammonium sulphatel
should be used when an immediately available supply
is required and when leaching losses ate nol likely to
be serious Flemental S should be used whan a more
sustained supply is needed, especially on free drain-
ing soils in high rainfall-areas. Sulphur fortified super-
phosphate contams both forms

Phosphorus applied in superphosphate is rapidly avail-
able to plants bul can alse react with soil constituents
which decrease its value The slower release of plant
available P from reactive rock phosphates such as those
from North Carolina or Sechura, in Paru, may provide
less initial henefit to plants but will have an effect for
a longer period, Research on the value of rock phos-
phiates for direct application s continuing, but they may
have cansiderable value on acid soils (pH  5.5) and
in remote ateas where transport costs make ther
greater P concentration attractive.

A more attractive alternative are the new parbally acidu-
lated phosphate rocks (PAPR) which are becoming
available commmercially and show promise for both
agricultural and horticultural crops. These tertilisers
have both quick release phosphate forimmediate sup-
ply to plants, and slow release unreacted rock phos-
phate for long term supply.

Phosphoric acid acidulated PAPRs are high analysis fer-
tilisers containing plant available P in excess of 16%
Their § content is negligible however These types of
products are available under different trade pames such
as PAPR and PARPR. Sulphuric acid acidulated PAPRs
contain smaller amounts of plant available P ( # 10%}
but their sulphate-S content is greater than 6% When

oy

these latter fertilisers bacame commercially available,
PAPRs will offer the flexibility of adjusting the P/S rane:
of fertiliser to match particular plant requirements

All forms of N fertiliser generally give similar responses
per unit of materal Urea and nitratesN in calgium-am-
maonium nitrale are subjected o greater lgaching losses
than ammonum sulghate

Magnesium fertilser sources include fughly -soluble
materials such as Kiesearite and Epsom salts which are
best used for correcting existing deficiencies, and slow
rekzase malerals such as calcined magnesite-and dolo
mite which may ba more sultable for building up or
maintaining soil reserves.

Physical farm: Water insoluble matenals like elemen
tal § and some rock phosphates must be finaly ground
it they are 1o release their nutrients fast enough far plant
requirements. Howevar, fing arinding increases hand-
ling problemis and in the case of S, the risk of explo-
sions. Compromises n which finely ground rock
phosphates are formed into granules which decompose
in soil, or in which molten elemental S s used 1o forti-
fy superphosphate are desirable and it cannot be over-
emphasised lhat coarse pariicles of 5 or phosphate
rocks are of little value as fertilisers, especially In dry,
cool conditions; slightly coarser 5 can be used in warm
humid climates

Organic lertilisers: Poultry, sheep, cow and stable ma-
nure all have a valued conlribulion and as they have
varying degrees ol nutrent content ILis nol easy 1o give
any precise hgures. Typical NPK rating of these matar-
ials are in Table 1.

Table 1: Approximate compasition of organic materials

N Pek K% Organic Matter %
Cow manuidg 07 02 05 30
Horse manure 07 035 04 60
Pig manure 10 0.3 0.7 30
Sheep manure 20 03 23 GO
Pouitey manure 16 08 1.6 B0
Seaweed tkelp) @2 005 05 80
Grait) straw 0.6 010 1.08 a0
7 Clear liquid fertilisers: There are a variaty of brands on

the market which are sald for foliar application and in
some cases far inclusion in Irrigation systems. They are
expensive for using as base nutnent fertilisers but can
be valuable as carriers for micronutnants and as foliar
feeds to correct nutnent deficiencies. Some materials
suitable for clear liquid fertilisers are in Table 2.

Table 2: Materials suitable for preparing clear liquid fertilisers

N% P% K%

Patassium ghosphate
Diemmonum phosphate (technizal gracel 21 23 0

Phosphone acid 52% POy 0 22 Q

B5% P304 o 37 o]
Ammonum nlirste crysials 35 n [b]
Calciurn ammorbum pitale crysiels 28 G a
Potassiumm mitrate 14 o 38
Urea 46 0 4]

Q. 2T 25




i Buspenson tertilisers: Suspensions compelte on a
nutnent price basis with sold NPKS fertilisars. They are
viny uselul for accurate row crop application and place-
maenl especially under adverse weather conditions
when high analysis NPK fertiliser becomes wet and
stcky They are formulated on an ammonium phos-
phiate base with muriate of potash used for the K
sowree Exlra N is added as urea.

9 Slow release fertilisers: These are used for high value
craps. A wide range of slow release fertiliser materials
is available, varying in release rates from a few months
to mere than a year. Use of these materials is primar-
lly for one or more ol the following reasons:

(il Availability of nutfient during the enlme growing
season from jusl one application

(i) Reduced capital and labour outlay.

(i} Reduced nutrient loss from leaching,

{ivl Reduced leaf burn trom heavy rates of tertiliser ap-
plications.

iv) Reduced seed and seedling damage from high

local concentrations of salls. _

Reduction of nitrogen lfosses through ammonia

volatilizalion and denirification.

The availability of fertiliser malenial is controlled either

by using compounds with limited water solubility or by

coaling soluble matenals with polymers or § The

release rate of nutrients is generally affected by tem:

perature, maisture content, and pH of the substrate.

For example the release of N from Nutricote

(270 day) was 16% a1 20 °C but 45% a1 32 °C.

Delailed release rates for various cammercial com-

pounds are given in Table 3,

Vi

Application Rates

Hawving chosen the type of fertiliser to use, calculate the rate
to apply from the estmate ot the elemental requirement and
the concentration of tha available nutrient iy the fertliser:
Rate of fertiiser = 100 x putrient required by plants (kafha)
Nutrient cancentration in tartihser

For N, K, S and Mg fertilisers use the lotal concentration
of the nuinent In this calculation For example, & kiwiliuit
crop requinng 100 kg Niha; how much urea (46% N should
be applied?

100 % 100 = 217 kglha of urea
46

The situation i5 less simple for phosphate fertilisers. For
superphosphate and rock phosphate based materials (Tables
5 and B) fertiliser requirements should be calculated by
multiplying the kg/haof P required by a factor based on the
concentration of Pin the material that is plant available rather
than the total P contenl. Estimales of the conceniration of
plant available P in phosphate materials are given in Tables
5 and 6.

Rate of fertiliser = 100 > nutrient required by plants {kalha)

Plant available P%

For example, a citrus crop requiring 68 kg Plha; how much
15% Polassic Magphos (Plant available P% = 7.7) should
be applied?

Table 3: Release rates of nutrients from commercial slow release fertilisers at 20°C

Y Baleased (cumulative 1otal) //

Fertlser Release Elemental Timie (weeks) 3

Titne Imontrs). Content (561 2 4 8 12 16 20 As
Nitrogen
Osmocote™ &89 18 (5 17 28 62 63 = 75
Osmocote® 34 14 28 52 63 a6 a0 - 90
Osmocote® 28 2 9 17 40 52 58 63
Nutricote® g 13 é 1Z 16 42 56 - 73
Gold-N* 34 8 12 17 49 85 % 77
Flamacote® 4 18 32 40 45 66 70 72 =
Plantacote™ 8 18 10 15 2] 45 51 5% -
1B-Compount 16 24 34 47 30 a2 - a2
18-Hardened 10 9 22 33 &6 00 - a1
Phos horus
Osmaocote® 29 4.8 8 16 26 29 44 - B0
Osmocote® 3.4 81 15 31 42 B4 58 - 61
Nutricoe® 9 5.7 1 2 2 3 2 - 4
Piantacote® 4 48 18 30 37 46 49 50 =
Plamacote® 8 4.4 17 27 34 48 50 53 -
1B-Compaound 4 44 59 78 82 B2 - 83
18-Hardened 4 13 25 i3 42 44 = 48
Potassium
Osmocote® 29 83 2 5 10 30 37 . 44
Osmocote® 34 11 86 14 27 36 59 65 - 89
Nutricote® <] a1 1 2 4 14 20 - 28
Piantacote® 4 1.6 20 27 33 54 80 £i3
Plantacote® 8 100 15 20 25 39 44 a6 =
1B-Compound 11.0 38 54 60 g8 91 - 93
1B-Hardened: B.O 24 48 60 a5 87 . 48




Table 4: Nitrogen fertilisers

Equivalent

N% B K% S% Acidity
Ammeniated superphosphaie 6 6 = 15 &=
Ammoenium sulphate 21 - = 24 110
Ammaonidm nitrate (prillsi 33 - - = &0
Amrmoniaon nitratelervst | 35 = - - B0
Ammonium phosphate sulphate 16 9 - 15 g8
Blood and tone §.8° 5-d - - -
Bone dust 3:5° 8-11 = -20
‘Calchum ammonium niteate 26-28 - - - -
Diarnmonium phosphate (gran.i iB 20 - 2-3 74
Diammonium: phosphate (cryst | 21 23 - - 74
Dried blaod 13-154 - - - 23
|sebutylidens di-urea (IBDUI 32* - - .
Liguid emmonia 82 - - 148
Liquid nitrogen lurea salution| 20 - - - 40
Monoammonium phoesphate \gran. ) 11 21 - 2-3 55
Maoncammoniur priosphate (erysL.| 12 27 - = 55
Nitram 34 - = BO
Patsssium nitrate 14 - 38 = -23
Sodm mitraie i6 B - - -2G
Sulphur coated urea 32 - . 27 -
Urea 46 - - - 79
Ureaform 35" = - = 80
* Insoluble in water
** Parually soluble in water

100 % 68 = 883 kglha 15% Patassic Magphos
Tl

Alternatively, a blueberry crap requiring 10 kg Plha; how

much North Carolina reactive phasphate rock (Plant avail-
able P% = 13-0.5) should be applied to a soil with pH 4.87

100 % 10 = 80 kg/ha North Carolina phosphate rock
12.8

Equivalent acidity 1s the number of parts by weght of cal-
cium carbonale required Lo neutralise the acidity caused by
using 100 parts of the fertiliser. Negative values indicate
the liming effect of the fertihser,

Notes on phosphate fertilisers in Tables 5 and ‘{j

1 Citric solubility: The citric soluble P in superphosphate-
based materials (other than those containing reactive rock
phosphate} 1s the best estimate of agronomic effective-
ness currently available. However it may be changed in
future if research develops better indicators of phosphate
value.

* The value of Pin rock phosphales depends on the reac-
tivity and the fineness of the ground phesphate rock and
on the pH, calcium status and phosphate retention of the
s0il. The latter iwo effects cannot yet be quantifiad, Plan!
available P in phosphale rock can be estimated by sub.
tracting Q.5 from the tolal P concentration for solls with
pH < 5.5, or 2.0 from total P it soil pH is 5.5-6,0. This
applies to all soils except Yellow-brown pumice soils. In
this instance 2.0 should be subtracted from total P, ir-
respective of pH. The effectveness of P in reactive rocks
applied to soils with pH > 6.0 is not known.

These figures are based on limited field trial data and may
be modified as more information becomes available. The
necessary lineness of grinding will be specified in the
registration regulations for each material,

Only rock phosphates classified as reactive are suitable
for maintaining vigorcus plant production. Reactive rock

phosphates include Sechura, N. Carolina and Gafsa. Flon-

da, Nauru and Christmas Istand rocks are unreactive and

are not suitable for direct applicauon.
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Table 5: Phosphate fertilisers

Table 8: Sulphur fertilisers

Toal  Plang  Water Toial

P Available Soluble S

% P% P% %
Merial superphosphate 8-89 B-Tr 4-5 8-11
Ammonium phosphate sulphate 9 gt - 15
Blood and bone 5-8  4=7 Neg  Neg
Bone dust 8-11  7-10 Neg Neg
Diammanium phosphate
(granulas] 18-21 18-207 18-20 2-3
Fortetied super™* 13 13 724 1
Longlife super”* 1 98 52 8§
Magphos (3% Mg)** 0 3.0 40 8
Meonoammonium phosphate
tgranular 20-21 18-201 19-20 z-3
PAPR (30% acidi**® 17 17 78 M
Reacuve phosphate rock
Gafsa 13 g’ Ni Neg
Nerth Caralina 13 i NIl Neg
Sechura (Perul . 13-14 ~ Nl 2
Non-reactive phosphaie rocks:
Israel 1Arad) 14 s ‘Nl -
Florida 14 g Nil Neg
Jordan 15 ’ Nt -
Nauew 6 . Nif  Neg
Christmas Istand A 16 . NI Neg
Potassium ortho-phosphate 23 231 23 Nil
Lime reverted superphosphate 5-8°  3-471 V-2 5-9
Suiphur superphosphate
90 kglonne 8-9 B-71 5=6 19
Sulphursuperphiosphate 10% S 8-9  6-71 56 20
Sulphur superphosphate
180 kg/tonne -8 581 4-5 27
‘Superphosphaie 2=10 7-8r 6-7 10472
Superphosphateilime 111 & 381 1 B
Superphosphatellime 112 3 22t H 4
Triple superphosphate 19-21 16-191t 16-19 1-3

N%  P% K% S%
Ammonium syulphate 21 - - 24
Ammonium sulphale nitrate 26 - = 14
Di-calgic phosphate plus S = 4 = 23
Gvosum - = - 18-20
Magriesium sulghate - - = 13
Potassium sulpnate - - 40 17
Sulphur - = - 100
Sulphur coated ures 32 - - 27
Sulphur dolaphos - B - 17
Sulphur phosrock 5% - 13 - 5
Sulphur phosrogk 20% - 11 - 20
Sulphur supermag - 5 - 18
Sulphur superphosphate 10%, - 9 - 20
Sulphur superohosphaie 20% - g = 29
Sulphut. sUper exira - 7 - 27
Superphosphate - 9-10 - 12
Super/lime 50160 = 5 - 5
Sulphuribentonite granules
110%] - - - 90
NB: All fertiliser mixtures containing superphosphates. potas:
sium sdiphaie or smmonium sulphate also contain suiphur,

™  See notes
Neg — Negligible

**  New rerillisets which contain g proportion of thair iatal
P content as reactive rock.

Table 9: Magnesium fertilisers

Mg%-

Epsorn salts 10
Dolomite 1
Kieserite | 5
Serpentine rock* 18-25 lav. 201
Calcined magnesite (Chinese! 50
Calcined magnestie
{Ausiralian Causmaal 35
Magnesium oxide ipurel 60
* Leesite/Dunite are very similar. Serpentine rock must be

very finely ground to be sffective. '

Table 7: Potassium fertilisers

WN% P% K% S%

Potassium chlorde

[Muriate of potash) - — 48-52 -
Potassium nitrate.

(Reagent grade) 14 . 49 L

{Fertiliser grade) i3 - 37 -
Potassiurn Sulphate

(Fertiliser grade) - - 40 17

Table 10: Trace element materials !

Element™ Material Elemental
Content %
Boron Borax % i1
Fertiliser borate — 46 i4
Boric acid 18
Fertitiser borate - 66 20
Solubor® 21
Copper Copper sulphate 25
tron Sequestrena® 138 Fe &
Sequestrene® 330 Fa 10
Ferrous sulphate g
Manganese Sequastrene™ man-
ganese 12
Manganease sulphate 24
Molybdenum Sedium molybdate 39
Zine Sequestrene® zinc 14
Zine sulphate 23

T Note, there is awide range of propristory brands of lertiligas
containing trace glements

1"



Table 6: Potassium superphosphates

Tomal Plam Available T
P% Po% K% 5% Ma%

15% Potash

Superphoschate 7-8 6. 7-8.8 7 3

Flowmaster superphosphate 7-8 B0-68 -8 9 -

Reverted superphosphate [ & 7.8 7 =

Superphosphate/lime 111 -~ Z.e & S -

Superphosghate/lime 1/2 3 1,8 B & -

5% S superphosphate 7 5.4 7 ] .

Magntios g 77 8 7 2
20% Poiash

Superphosphate 7 5.8 10 8 -
30% Potash

Superphasohate 67 52-56 14-185 8

Flénwrmaster superphesphats B d1-42 14 7

Superphosphate/ doiomite 3/1 5 42 1% 3] -

Phosrock 10 26 14 =

5% S sarpentine superphosohate ) 2.8 14 10

S superphosphate o 36 14 < -

Magphaos 7 6.3 -3 5 2
EQ% Potash

Superphosphate 5 4G 25 &

Flowmaster supefphosphate 4 2:8-3.0 24 5

S flowmaster superphosphate 4 27 29 A .

Phosrock T 25 24 - =

Meaaphos 5 A5 25 4 z
1 Citric solubility, except phosmock and maaphos

CALIBRATING APPLICATION EQUIPMENT

The evenness of tertiliser application 1s most important, esp-
ecially to crops, 1o ensure a maximum yield

The flow rate of fertiliser from spreaders is usually controlled
by a ground driven wheel so that the faster you go the great-
er the flow, and a constan! spreading rate per hectare s
obtained. However, to measure rates accurately, metre
square boxes or trays with balfles to stop the fertiiser bournc-
ing out can be laid on the ground and the machine driven
past them. The baffles can be made from any 'heneycamb’
like matenal Some hollow plywood household doors have
a spacing material inside them which is ideal far this
purpose.

Where row cropping 1s unidertaken the fertiliser applied in
the row is easily measured when the planter is in the pad-
dock. For 75 cm (30 inch) rows the machine will have to
move 13 m to equal 1/1000 of &4 heoctare, By remowving the
tube which delivers the fertiliser from the box to the disc
coulter and tying a plastic bag on the end, then driving a
measured 13 m the weight of the fertiliser in the bag
represents the rate per hectare when multiplied by 1000.

When il is necassary to determine application rates for small
areas, rates given in kg/ha can be converted to gim? by
dividing by 10. Similarly, tractor speads in km/hr can be con-
vertad ta m/min by multiplying by 16.67.

MONITORING FERTILITY

While generalised mmaintenance fertiliser recommeandations
can be based on the quantities of nutrient lost in the mar-
ketable yield, they may nol be sufficiently accurate to pre-
vent nutrient disorders arising in every situation

Furthermore, for young plants additional nutrients will be
required for davelopment of the plant’s framework. There-

fore, it is essential to monitor closely the nutrient status of
the crop with sail lests and plant analysis

Soil testing

Ta be effective soil tests need 1o be caretully calibrated for
the sails and craps of a particular region. The results of soil
analysis should also be regarded more in terms-of a qualita-
tive guide to soil fertility rather than as a quantitalive meas-
ure; This is because il 15 very difficult to find chemical
extractants which will simulate the action of plant roots; es-
pecially since plant species differ widely in their ability to
absorb nutrients from the soil. In addition, n many cases
samples for analysis are taken from @ restricted depth, usual-
ly the top 15 cm, which may not reflect the availatlity of
nutrients from the entire rool zone, particularly for deep root-
ed perennial plants. However, in spite of Ihese limitations
soil tests can provide valuable information about plant-
available nutrierits and chemical conditions in the soil, es-
pecially before a crop is planted

A soil sample for analysis consists of 15-20 cores taken al
randem. Prior to establishment of orchards containing deep
rooting perennial crops samples should be taken at 3 depths;
0-20, 20-40 and 40-60 ¢m, rather than the standard 0-16
cm used for shallow rooting pastoral species or vegetable
crops. Under these conditions the tests are particularly use-
ful for establishing whether or not gross nutrient abnormal-
ities exist and whether there are unusual pH conditions at
depth which will affect the uptake of trace elements such
as Mn. Ideally, 3 x 20 cm depth sampling should be con-
tinued on an annual basis. Detailed instructions for soil sam-
pling are given in seme crop sections.

There is littie definitive information availabl on the optimum
soil 1est values for most horticultural crops grown in NZ,
In the absence of well defined target values tor each riutrient
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Wowieild sedrm that the plesoncs o healthy high yielding
plinits should be (he ulthmsle arbiter gs to whathet o net
il conditions are optimal tor growth, Annual soil 1esling
ahould b conductod, therafors, with tha mim ol oo
g end corraaling trands wonutiant vallas @i oo in
it pursult of attaining particilar soil test valias, One o
caption 1o this advice 18 for fligld grown vagrlable Grops
Wark ol Lovin Forticullural Research Staton has allowaod
thi clofinition o target values Tor sol Pand K] ese are givan
i1 thin sections of The bullelin covanng theso crops For other
arops, particularly porennials, ohsarved trenda in golf forrill
ity represent the balance bulwaen nutfionts mmoved for
growth and produgtion plus legges by lesshing o lixation,
angl putnantd added o tortilisor, mgation water, and in ain-
fall Although [itte work has bean dona fa daling (ha bast
lrna during thin growing apaabn for taking soll samples fo
analysiz, recent axporimenta on 4 aumbor of horticuliural
plants at the Pukekohe Rasearch Stlion suggest that agm
ples should be taken during the pardy phases ol growih
Hewaver, i the abaanca of gonaralimod infoomation it s
rocommendad 10r purpases of compansan that samiphi
should b tdkon at tha sama e aaoh year

The sail tasting mathods used by the Ministry of Agricul-
jura’s laboratorios at Huakura and Invarmay arg described
In MAF Aglirk AST 8 Sol tast valuos usad in this bullatin
patar only to MAF soil (ests, Whild same commereial labori
tories use MAF ol 151 methods, othars do nal, and 1t (s
Irrpertant to datorming which miathods have Dizen s,
Factors tor convarting MAF 1est units 1o ofher urits ar fivon
in Appundix Tablo 3, '

Plant analysis

Manr analysis has distnot advantages over 50 analysis as
a diagnosue okt tor hotticultural plants. Not.only mugt the
eloments prasent in the plant originally have boon avallitlie
in the 4o, thay also foflact the availability from tho antirs
root zona. An addilional advantage of plant analyais is thal
all autriant alemants ossential lor plant growth can be do
termiried by this lechnigue

Plant analysis shatild be used in wo imporiant ways, First,
a4 a disgnostic aid Tor dantilying possitile gouses of poor
plant growth and ta cantitm visible leal symptoms of sus
pected putrtional disordens Sampling leaves for this pur-
posa 13 ndependant of time during the growing soason
Ladvas showing distingtive symplams should be collaated
a5 sonn s (hey appeal an the alfectod plants. Al ihe anmn
tima a second sample of leaves should also be colladted
fram ar idonteal position on healthy non-attectad plants
noarby. By taking an affucled and unaffected adample thu
rusults can be compared directly and possitile disordors idan
tifind without having 1o rely upon standard values, Early iden-
tification ol a defiviency also allows fernodipl action to b
takan (n the current aoason rmthar than e lollowing season

Seqondly, plant analysis s valuable as a monitoring md. An
wssential part of any tenilider programme I8 1o monitor ha
nutrient atatua ol the crop on an annual basis. By repeat

edly sampling plants ot the same tima each year possible
frends In autrient status, of tha sarly onsel ol deficioncies
or 1oxicities can be dentified, allowing the  fartilise
programme 1o be adjusted bafora substantal losses in vield
oceur Tho sampling procadura for this purpose diffars trom
that used for diagnostic purposes. To ba manningtul, loal
samplas should be taken at the sama physlological slagu
of growth asch year Thia is hocause of the large seasonal
varlation i the consentration of macronuinents and

pigronutiients which genarally oceur i the libdves of most
plants, It is also important fhat thia sama area s monitored
each year

Al collsction, laat samples should be sen) as guikly 45
passible 1o o laboratary (thit spacialises i planl analysis
The samyplos should be sant i stiong papor bags i pratar-
gmce Lo solod plastic bags whare thay s marm likaly (o
duacay

Intarpratation of the resulls of plant analysis s usually based
on e concept of critlcal ovals. This asaumes (hat whon
i rutrianl concettiatlion in the plant Haguas 8 very low,
the yinld @ also low As nutrient availablity incressas, both
viald and nutront concantiation 1 the tgsaes incroases until
a point g redchod whara [urther improvemont of utrand
supply ho lonpar stimulates visld, However, thin gariconiaE:
ron of nutrignt in the tisayes continues 1o ncrease. Al ox
tramely high rates of notnent supply texic concantrations
may neaur e e dgsugs and yield will bo radused, 1 frnt
ol thie laralures, the ciitienl concantiatian in e leal for dofi
clency of an olarmant = dalined as the conoaniration range
(associated with 90 100 pereant of maximurm yiold] below
which the spplication of that olement will genatally rosull
ity vield inGrisasa and above which no such inoreasd s to
b expectod. Similarly, the ertical concentration in the laal
for toxicity (5 the concaniration abava which a viald redu.
tion is 40 bu expectod. Thare are very low crops hiowavar
foar whleh these concenitations hava boon detarmined, Con-
saquently, the tabulated standards for each of the crops
presentod ar fol leal concantrations associatad with defi
einl, Gplimiam, o excess nvils hase terms ara delined
ns tallows:

Duficlant:  Concentration o oo low for active growth,
dificiuncy symptoms ara likely 1o be prasent,

Optimum Cancantrations should be adaquate for naar
i growih;, no visual symploms.

Excusa: Coencontidiions oo high for maximum growti;

foxicity symploma may eof may not bo prasent.
Usad cotrectly, plant analysis provides tha arowar with valu-

abla information sbaut th nulient status of Kle crop and
tha fertilisor programme boing used,

Where there 1 particulisr gongern about the N status of

plants, of tha noad 1o mereass the alficlancy ol N lartiligar

UBAGD, GIOWATS Can use sap ritrate testing as an alierma-
fiva 1o plant analysis, Thiv (2 g rapld, sensitive tachnigua
which uses commercially avallable 1est &lrips to measura
the muato concentration in expressed sap. Tho sampling
toahinigue and irtorprotation of the results st a1 an ax-
perlmental stage with moest work having boen done with
vegatable orops (see the Vegntables Sectian and Appendix
far furthor dotalls) Howaver, with Turther refinemants 1118
ilkaly to hiva potantial for use with perannial as waell ag an-
il erops, '

Visual Symptoms

Visual leal symploms can play an important part in tag
nosing nutrient disorders However, cloarly recogrisablo
symptoms assocated with b specitic disordar usually ap
pear only after matabolic procusses in thi plant Faavin iy
sarflously disrupted and losses of yiald have altwaidy boon
sustainad Hence tho prosence af viaibla syrmproms sl
ingieates that a serious problan exists.
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Because of differences in mohility of elements within the
plant, symptoms of nutritional disorders tend to eccur in
particular positions an ' the plant. Under conditions of det:
ciency, elements such as N, P, K and Mg are generally with:
drawn from the older leaves and transported 10 younger
actively growing parts of the plant. Since the redistribution
of these elements Is by way of the phloem, such elements
are classitied as phloem-mobile elements. Thus, the mosi
obvious symptoms of deficiency of phlpem-mobile elemants
are on the older leaves. Elemerils such as Ca, B, Fe and
Cu, which are not redistributed to-any great extent in the
plant under deficient conditions, are described as phlogm-
immobile elements. Plaris must have a continuous exier
nal supply of the phloem-immobile elements to maintain
healthy growth. Any interruption of the supply will cause
deficiency symptoms to appear on young actively growing
parts of the plant including the root tips. The remaining ss-
sential elements are of intermediate phloem maobility, bul
usually show symptoms of deficiency mainly on the younger
growth

Symptoms of nutrient toxicity, an the other hand, usually
appear first and most prominently on the older leaves. This
is because the nutrients absorbed by the plant are distributed
in a pattern which closely tollows that ol water loss due 1o

transpiration. The fully expanded leaves tend to receive a
greater share of the water and nutrients entering lhe shools
than do fruit or immature leaves, because they present a
large evaporaling surface relative to thelr volume. Hence,
the highest concentrations of the elemant in excess will be
found in the older leaves since it is 10 these leaves thal ac-
cumulation has been going for the langest penod of nme
In addition 1o having a direct effect on the plant, an excess
of one element may reduce the uptake of a second elment
or interfere with its utilisation in the plant. Under these con-
ditions the main symptom is likely 10 be that of a deficiency
of the second element. The symploms, therefore, may o
may not be on the older leaves

Because leaf symptoms can also be produced or maditied
by non-nutritional factors such as waler-siraess, [empera
ture, light, herbicides, pests and diseases, 118 important
that a visual diagnosis is confirmed with plant analysis
Although there may be some differences in symptoms
shown by different plant species and even varigties of the
same species for a particular disorder, the basic symplorns
are similar for most plants. Briefly, deficiency symptorms of
macranutrients and microndlnents can be summarnisgd s
follows:

GENERALISED KEY TO NUTRIENT DEFICIENCY SYMPTOMS

Older leaves affected first

Plants much smaller than normal,
leaves lignt green, lower leaves
yellow, leaf senescence accelerated.

Nitrogen Deficient

Decreased plant size, plants dark
green, often red or purpie colours
appearing, lower leaves yellow

Phosphorus Deficiency

Pale brown 1o black leaf sgorch,
preceded by irregular marginal or
interveinal chiorosis: leaves cupped

Potassium Deliciency




Plants show bright vellow-green
Interveinal chilorotic moitling before
leat margins curl and wither
Syrmptoms are more intense when
nitrale-N is applied. For brassicas
devalopmeant of the ‘whiptail’
intervainal chiorosis, persisient green  syndrome and “yellow spot” of Sitrus

margin of leaf, yeliow patches and Symptoms appear first on older
brown necrotic areas. Appearance of  leaves and progress 10 the youngest
briliant orange, red or purple tints until plant des,

Magnesium Deliciericy Molybdenum Deficiency

Younger leaves affected first

Calewirr Deficiency Sulphur Deficiency

Boron Deficlency

Terminal buds die, distortion and Decreased leaf size, pale gresn-yellow Young leaves light green-yellow at

necrosis of young leaves, die back at  leaves, shortened internodes. Leaf
tps and margins. Rool tips gelatinous veins become chiorouc
and swollen.

base, die back of terminal bud, leaves
misshapen, thick, brittle and small.
Cracks and splits occur in petioles
and stems. Root tips enlarged
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Chlorosis often interveinal and

Young leaves permanently wilted, produces a bold pattern of dark green
without chlorosis. Leaves rolled or major veins. Unlike iron, necrotic
curled. Emerging leaves often trapped spotting or lesions appear on affected
in subtending leaves. Pollen cells Uniform chiorosis of younger leaves, leaves. These may be brown 1o

often sterile: veins remain darker green. black:

Manganese

Leaf malformation, irregular mottling
with yellow-ivory interveinal areas and
extreme rosetting of terminal and
lateral shoots in woody species. In
Some Cases necrotic spots appear on
affected leaves:

Zing

FURTHER READING

Bollard, E.G. (1981). Prospects for Horticulture: A Leamy, M.L. (1974). Resources of highly productive land
Research Viewpoint. New Zealand DSIR Discussion New Zealand Agricultural Science, 8: 179-1891.

paper No.6, Wellington, pp. 212,
Mengel, K. and Kirkby, E.A, (1882). Principles of Plant Nutri-

Bould, C., Hewitt, E.J. and Needham, P. (1883). Diagno- tion. International Potash Institute, Switzerland, pp.
sis of Mineral Disorders in Plants. Vel. 1. Principles. 655,
{Robinson, J.B.D., Ed), HMSO, London, pp. 170.

Cornforth, 1.S. (1980). Soils and Fertilisers. Soil Analysis.
Ministry of Agriculture and Fisheries Aglink, AST 8.




S U B T R O

P I C A L S

{R.F. Barber, C.J.Clark, A.R. Ferguson, P.R.Sale, G.S. Smith)

AVOCADOS

In general, mature cropping avocado lrees (Persea
gmencanal have a rolalively low demand lor nulrnients
However, differences have been identified among varieties
in Iheir demands tor nutnents, parbedlarly N Those thal
reguire lowar inputs include Fuerte and Zutano, while Hass
Bacon, Nabal and McAfthur reguiré higher Inputs to-main
tain high production The varieties with fugher tertility re
quirements are particularly prone to blenmal beanng. This
problem s thougnt 1o Uie related 1o lluctuatng carbohydrate
reserves between "on' and 'off’ years, which whan low can
mit Howaering and frun set Adjusting tertiliser inputs 1o
hlgl":m rates prior tooan 'on' year and restneting elements
such as nitrogen In an "off' year can minimise these flucua-
tons. Avocados are very susceplable 1o the rool rol tun-
qus, Phytophithora cmnamomi, Austrahan research has
shown that the acthivity of this fungus can be suppressed
by increasing the-calowm status ol tha soil. Heavy apphca-
tions of gypsum are slandard practice 1o reduce root rof
rather than o improve the nutrient status ¢! the soil. Most
of the information included in this section is from research
carped out in California, Australia, and South Afnica

PLANT ANALYSIS

Samples for leal analysis should be collected from rmid
February to mid Aptil and consist ol terminal spring cyele
leaves (b-7 months of agel from non-fruiting and nor-
lushing shoots Al feast 50 lgaves (blades plus petioles)
fromy the putswle ol the canapy should be taken at random
Irom 10 or more trees, excluding border trees. Interpretive
standards for nutrient concentrations are listed in Table 11

SOIL TESTING

Ihe ideal soil pH for avocado trees 1s 5.5 1o 6.5 Soill pH
values above 7.0 should be avoided as avocado (rees are
susceptable to Fe deticiency. Deficiencies under these con
ditions are due to immobilisation rather than inherent defi-

wney of Fe in the soil. Targe! soil lest values to maintain
high production have not been defined for avocado trees
grown in New Zealand, Resulls from a survey of waell
producing orchards in the Bay of Plenty make it clear that

avaocado trees tolerate a wide range of macronutrient con-
centralrons In the soil; the ranges in the MAF soil tes! values
were as follows: pH 5.4-6.3; P, 10-135; K, 7-12; Mq,
14-29; Ca, 4-10 ‘

FERTILISER REQUIREMENTS

Maintenance fertiliser applications are listed in Table 12,
These rates should be adjusted 10 meet local requirements
and according to the values obtained from regular plant
analysis

Table 11: Standard cancentrations for foliar analysis of mature
avocados.*®

Element

Optmurs Excess |

Macronutrients (%) |
N-ngu?:‘. <
Phosphiorus

Potassium

Caloium

Magnesium <015 > 1.0
| Iphiue 35 0.20-0.80 = 1.0
Chloride >0).25-0 5
Micronutrienis (ppm)
Manganese > 1000
|
| - > 300
> 95
- = 100-250

Ater Jones and

BT . ~
Optimum Tar F

Table 12: Suggested annual fertiliser applications for main
taining high yielding mature avocado trees and esti-
mated nutrient loss in a 10 tonne/ha crop.

Elemeant Application Bae Crap Rarriava
xa'na kg/ha
Nitrogen 3I0-180 1}:3
Phosphaorus 2550 1.7
Patassium 50 195
2
Magresium 5.0
Sulphur 890
Q.02
0.0¢
Zing 0,04
Copper 0.0
Boron 0.04

Compared 1o other horticullural crops, the quaniilies of
nutnient rernoved in frunt are lowy, reflecting the relative low
demand of the avocado tree for nutrients. Under New
Zealand condinons a yield of between 10412 tonnas/ha can
be expected by the seventh vear,

The amount of fertiliser applied depends to a large extent
on the age of the tree as the roots are sensitive 1o axces
nutrients, particulatly N. Thus for N, only small guaniit:
are required for vigorous growth ef young trecs, butl thi
quantity increases as the Iree baqing 1o bear trul) [Tabio |4)




Table 13: Annual nitrogen applications for trees of different ages.

Plant age Application Rate
(years) kgiha
2 12
3-4 25
5.7 50
8:8 76
I 10-14 100
| 15 or older 160

For elements such as P larger gquantities may be needed al
planting 1o increase the basic level of fertility than whean lhe
tree matures

Eertliser should be applied in early spring as (he demand
for nutiients in the tree s highest during flowering and fruil
sel. However, because of the competilion between brung:
ing and nan-fruitng tissues, fertiliser, particularly N, should
not be applied any later than six waeks before fruil set

NUTRIENT DISORDERS

The nutrisnt disorders which are most likely 1o affect pro-
duction in New Zealand are those associated with excess
N and chioride, and deficiencies of Zn and B,

Results of surveys of New Zealand orchards have shown
the N status of many trees to be well above the optimum
range. Under these circumstances N should not be applied
until the concentraton in the leaves has fallen 1o more
reasonable levels, Excess N gan resull in reduced yields in
some varieties such as Fuerte, largely as:a result of exces-
sive vagelalive growth at the expense of flowers and frun
sel.

Avocado is very sensitive 1o excess chlonde While chior-
{de toxicity has riot been identified as a problem in NZ, areas
close to the sea receive large guantities of chionde in ar-
home sea spray, The most charcteristic symptom of excass
chloride |s the developmant af tip and marginal necrosis en

matire leaves. In areas where there Is the polential tor this
problem lo oceur, nutrients such as K should not be appled
in the chioride form b rather as the suiphate

There is some evidence that Zn and B are low In some
avacado orchards in NZ. Plant analysis is a very accurate
raethod of diagnosing deficiencies af these two elements
Symptoms of Zn deliciency include, small narrow leaves,
intarveinal chlorosis, multiple bud develooment, retention
of a rosette of terminal leaves with the remainder dropping
giving a 'feather duster effect’, twig dieback, and rounded
fruit shape. Foliar sprays of Zn (100 g zinc sulphate /100 |
have proved to be effective in the short lerm tor correciing
deliciencies. In the longer term a combmation of toliar sprays
plus.a soil application ol zing sulphate or zinc chelate isreg-
quired. In Califorma, soil applications of 1 b kgftree have
proved 10 be effective for mature trees.

Svriptoms of B deficiency include the gradual death of both
the apical and axillary growing points The leaves are dis
torted, somewhat crinkled, otten lanceolale and have
necrolic patches. The midrib and main veins on the lower
surface of the leaves freguently splil and become corky. An
application rate of 5 kg/ha of borax 1s sufficient to overcome
a deficiency. However, care should be taken when apply-
ing B as cases of B toxicity ol avocado have occurred in
New Zealand

FURTHER READING

Embleton. T.W. and Jones, W.W. {1966), Avocado and
mango nutrition, In: Temperate to Fropical Frum Nutr-
tion, (Childers, N.F., Ed), Horticultural Publications,
Rutgers - The State University, USA, pp 51-76

Goodall, G.£. (1983). Fertiliser requirarments for avocados
Avaocado Grower, 7! 10-14

Sale, P.R. (1983), Avacatlos. Orchard management. New
Zealand Ministry of Agriculture and Fisheries Aglink,
HPP 76

BABACOS

The babaca (Canca x hedbormi Badillo nm. pentagona (Heil-
bom) Badillo) is a perennial shrub of the papaya tamily found
in the subtropical mountainous regions of Ecuador, It was
first introduced to NZ |n 1973 and is being grown for its
unusual fruit.

FERTILISER REQUIREMENTS

Soils should be light and well drained, preferably with large
amounts of organic matter incorporated before planting. The
soil pH should be raised to between 6 and 6.5

Babacos probably have a high phosphate requirement and
superphosphate {about 1 tonne/ha) should be incarporated
before planting, Young trees should be supplied with 100 g
of a balanced 6:6:5 NPK fertiliser plus 100 g superphos-
phate three limes a year in September, December and
March. Dressings should be ingreased so that older trees
receive 1-1.5 kg of sach nutrient element per year. Aller-
natively, well matured chicken manure can be used, with
5 ka being spread around each tree every couple of months
during the growing season
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MNitrpgenous fertilisers should be used with caution as ex-
tossivie N may lead to over vigorous plants and the produc-
non ol soft fruit which do not handle well,

FURTHER READING

Eodt, D.JW. 119811 The babaco. The Grehardist of New
Zealand, 54 58-59,

Harman, J.E(1983) Preliminary studies on the postharvest
physiology and storage of babaco frull. New Zealand
Journal of Agricultural Research, 26 237-243

Leigh, D.S. {1969). The Papaw. Bulletin HB2, Division of
Horticulture, New South Wales Department of Agricul-
ture, Australia,

CASIMIROAS (WHITE SAPOTE)

The casimiraa | Casimiroa edulis | appears 1o arow best on
well drained light soils supplemented with large amounts
of organic matter. A good, consistant supply of water is im-
portant. In the absence of other information, a citrus ler-
tiliser programme rich in N is prebably suitable

FURTHER READING

Dawes, S.N. (1889). The casimiroa, a promising sublropi-
cal fruil. The Crehardist of New Zealand, 42: 224-227,

Smith, J.H.E. 11972) The White Sapote. Republic 6l South
Africa Department Agncullural Technical Services,
Pretoria. Leaflet No. 74, Subtropical Fruit Series Ni,
14, pp. 1-3.

CHERIMOYAS (CUSTARD APPLE)

Although there have been small cammercial flantings of
chenmoya (Annena chermola) in NZ in the past little s
recorded about its fertiliser requirameants under local con-
ditons. All of the information included in this section cormes
from Queensland and California It seems that chenimoya
will tolerate a wide range of soil lypes provided Lhey are
moderately fertile and free draining. 1115 also essential that
aniform soil moisture is maintained from Howering to
harvest.

PLANT ANALYSIS

Leat samples should be collected owards the end of Feb-
ruary or early March The youngest mature leaf (fourth or
fifth leaf back from the growing point) should be selected
from actively growing non-bearing shoots.

Critical leaf concentrations tor macronutrients and mioro-
nutrients have not been determined for chenmoya. The
values listed In Table 14 are tentalive ranges for healthy
plants grown in Queensland and as such should only be used
as a guide.

SOIL TESTING

Fxperience in Queensland indicates that soil analysis is
gunerally less useful than plant analysis for formulating a
featiliser programme for chenmoya. Under thewr condinons
i soil pH within the range of 5.7 to 6.3 is considered to
b optimum for maximum production

Table 14: Typical concentrations for foliar analysis of cheri:

moyas.
Element Hange
Macronutrients 19%]
Nirogen 2.5
Phosphorus 0.16-0 20
Porassium 16 -1.6
Calcwm 08 -10
Magnesium G.35-1.0
Sulphur -
Sodwrmn 0.02
Chloride 030
Micronutrients (ppmi
Manganese 30-890
Iran 40-10
Zing 18-30
Copper 10-20
Baran 1540

FERTILISER REQUIREMENTS

During the first four years, the tree is encouraged to produce
a large potential bearing area on a strong symmetrically
spaced framework, Ferlilisers used should have a high
proportion of N and be coupled with irrigation to promole
vigourous vegetative growth, A tree of moderate 10 good
vigour s usually the best producer; low or excassive vigour
is Usually associaled with low yields. During the first year
only N is required where an applicatiorn rate of 1510 20 g
urealtreg every month from leat emergence until March is
recommended Fertiliser requirernents for trees (wo years
and older are listed in Table 15.

Table 15: Suggested annual fertiliser applications (g/tree)
for plants of different ages.

Application Rate

Element Years 2-4" Ovir 4 yaaes®
Nitrogen 100 100
‘Phosphorus 20 20
Potassium 100 180
Sulphur 28 30

Multiply amounts by age of tree in years 10 a maximum
at 12 years, than mamiain

Nitrogenand K should be applied in split applications, halt
of the recommended guantities in Table 15 to be applied
in October and half in January Phosphorus and S can be
applied in a single application in Ocicber,

NUTRIENT DISORDERS

Up to the present time there have been no reports of any
nutritional disorders of plants grown in New Zealand.
However, it appears thal cherimoya have a high require-
ment Tor Zn. Zinc geficiency 15 a common and widespread
problem in Queensland, Symptoms of Zn deficiency include
restricted terminal growth, small leaves, and interveinal yel-
lowing of leaves. Zinc deficigncy has been correcied by ap-
plying zinc sulphate (ZnS04.5H20) at a rate of 25 o 30 g/im?
of soil surface under each tree in a 30 e¢m wide band just
inside the drip line. Foliar sprays have also been used bl
these have been less effective. Zinc sulphale al o rite o
100 g/700 | is sprayed onto mature leaves in spong. Low
levels of Zn are known @ ocour in seds al Keriko
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Boron deficiency 1s thought to cause a candition in plants
n Queensland where hard brown lumps torm in fruit, par
ticularly around the seeds. This condition has been corrected
by applying 2 g borax/m? of soil surface beneath gach tree
Even application and sufficient watering Is essenual o aved
tree damage. Foliar applications of borax are not as efficient
as soil applications but are sater, A mixture of 300 g
borax/ 100 | can be appled to mature spring growth
Although there are a number of soils in New Zealand which
are naturally low in B, they are nol found in areas where
chenmoya are likely to be planted

FURTHER READING

Dawsas, S.N, (1985} Cherimoya — a subtiopical fruit with
potential Growing Today, August: 18-20, 29

CITRUS

Minimal pruning is generally carried out on citrus grown In
New Zealand, hus the quantity of nutrient which needs 1o
come from soil reserves or fertiliser applications (n a crop-
ping orchard, depends on that removed in harvested fruil.
Typteal fruit yields under New Zealand conditions for Sat-
suma mandarins and navel oranges range from 20 to 30
tonnes/ha, while vields for valencia oranges and tangelos
are slightly higher, 25 to 40 tonnes/ha.

Mast citrus grown in New Zealand has a tendency 10 bien-
nial bearing, During an ofl year the amount of fertiliser ap-
plied should be reduced. In cases of extreme biennial bearing
with almost no crop in the off year, as is often the case with
Wheerty grapefruit, fertiliser could be eliminated altogether,
provided that there were no obvious nulritional disorders
apparent,

PLANT ANALYSIS

Samples for leaf analysis should be collected in |ate Feb-
ruary to mid March, The youngest mature leaves on nor-
fruiting terminals should be selected with each sample con-
sisting of at least 24 leaves taken at random from trees
throughout the block. Interpretive standards for nutrient con-
centrations in the leaves are listed in Table 16

Table 16: Critical concentrations for foliar analysis of citrus.

Efemént Drelicien Qpumum Excags
Macronutrients (%)

Nitrogen 2.4 20
Priospharus = 010 N5
Potassium w7 V7
Calchum < 2.5 .0
Magneasium .
Sulphur = .5
Souum 0.25
Chionide 3 [
Micronutrients (ppm)

Manganess < 18 25-200 > 300
Iran < 30 60-120 » 2000
Zme < 18 25-100 = 300
Copper =36 5-1C = 1t
Boron < 15 20-100 =250

SOIL TESTING

A soll test should be carned out prior 1o planting. Suggest-
ed target MAF levels for adequate nutrition are as follows:

pH Ca K F Mo
Moslt citrus vareties 5.5-6.5 5-8 7- 8 40 10-15
Lemons 55-65 5-8 10-15 40 10-156

The most common commercial reolstock for citus in New
Zealand, Poncirus tofoliata does nat perform well where the
soil pH exceeds 6.5, Under these condilions the uptake ol
Fe, Mn, and Zn |s sariously impaired. Onee the orchard s
eslablished a routing soil analysis should be taken every
vear

FERTILISER REQUIREMENTS

Young trees

Young trees are usually fed on the little and often principle
The approximate guantities of nutrients required by young
trees are listed in Table 17

Table 17: Estimated nutrient requirements (g/tree) for young
citrus trees.

Trese Age Application Rate

(years} Nitrogen Phosphotus  Potasswm  Magnesium
1 80 30 25 13

2 120 60 50 26

L 180 a0 75 39

a4 240 120 100 52

8 300 150 125 65

Fertiliser is usually applied on four separate, bul equally
spaced oceasions beginning in September, and ending in
February to coincide with the autumn flush.

Cropping trees

In & mature cropping orchard the mimmum quantities which
need to be replaced each year from soil reserves or from
fertilisers depend largely ¢n the amount rernoved in har-
vested fruit. An estimate of these quantities is given in Ta-
ble 18

Maintenance fertiliser applications to sustain maximum
production . These rates may need to be adjusied 1o meel
local requirerments.
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Table 18: Estimated quantities of nutrient removed ina 10 tonne
crop of citrus.

| Element kgiha kgiha
| Macronutrients Micronutrients
Nifrogen 28 Irar .07
Fhosphorus 4 Zing 002
Potassium 63 Copper 001
Caittum 28 Boron 006
Magnesium 5
Sulphyr 3
Sodium =)

Fetlilisers are usually broadeast throughout the orchard

Phosphorus and K can be applied in a single application in
late wintee-early spring. The best time to apply N is 10 cain:
cide with the start of a growth 1lushy. Most citrus have two
growth flushes, one in spring and the other i autumn. As
there can be undesirable effects on fruit guality from heavy
dressings lale in Ihe season, at l@ast two thirds of the an-
nual requirement should be-applied in early spring with the
remalinder in February 1o coincide with the auturmn growth
flush. Seminole 1angelos are an exceplion howevear. Spring
N applications should be withheld from this variety until after
harvest to prevent excess N frorm adversely affecting slorage
quality of fruit.

For lamons, three equal applications to coincide with 2ach
growth flush (around September, November and Februsry-
March) are recommended

NUTRIENT DISORDERS

The mosl common nulrient disorders of citrus in New
Zealand are those associated with deficiencies of N, P, Mg,
Mn and Zn

The eritical time tor N deficiency 10 oceur s [ust prot to
and during llowaring, frull set and December leal drop
Symptoms of this disorder include yellow coloured foliage,
poor flawering, poor yield, and stunted growth. Like most
trees however, citrus store N in the woody parts and can
utilise this reserve in spring, so a deficiency expressed at
thal stage could be the resull of a shortage created during
the previous season. Care should be taken to avoid apply-
ing too much N as this can result in poor frdl quality. In
particular, 1t affects fruit colour, delays maturity, reduces
|uice content, and results in thick skins.

Visual symptoms of P deficiency are not usually seen in NZ
bl the effects on fruit guality are common in most districts,
I'hese include low juice content, thick skins, and seid juice,

Magnesium deficiency is particularly common in years af
tisivy crops. Symptloms include the yvellowing of leaves with
atvinvarted v of green tissug at the base of the leaf. Mag-
nesum deficiency can be corrected by applying 200-400
ba/ha of Mg as Causmag. In severe cases, where an im-
rudinte response 1s required foliar applications containing

1 kg magneswm sulphate plus 1 kg calcium nitratel 100 |
can be used.

Manganese deficiency occurs in all citrus growing areas of
New Zealand. Symptams include the developmentof an in-
terveinal yellowing with a band of darker green along the
midrib and veins. Zine deficiency produces symptoms which
are similar to Mn deficiency but the interveinal yellowing
Is less Blotchy and more clearly defined. In extreme cases
leaves can be small, narrow, pointed and rosetied in the
classical little lsaf symptom. Zinc dehmency can also affect
fruit shape. Manganese and Zn deficiency often oceur
together and can be corrected togather or singly: The maost
effective means of correcting both disorders 15 by foliar
sprays. A typical spray mixture consists of 100 g MnS0O,,
100 g ZnSCy and 750 g ureal 100 | plus a suitable welling
agent. The urea s helpful tor increasing the uptake of Mn
and Zn,

Follar sprays should be applied on ther own withou! the
addition of insecticides or fungicides. They should be ap-
plied at a time when there is plenty of young foliage, as older
leaves are less efficient at absorbing nutrients. Early Nov-
ermbet, or an equivalan! stage in autumn, when the growth
flush is about two thirds completed appears to be the most
suitable time. Sprays should also be applied in the early
morning or 1n the évening to aveid intense day time tem-
peratures

FURTHER READING

Embleton, T, Jones, W. and Reitz, H. (1967) Citrus fer-
Ulisation. In: The Citrus (ndustry, Vel 3. (Reuther, W,
Webber, H.J and Batchelor, L.D., Edsl, University of
California, USA, pp. 122-182.

Embleton, T., Jones, W.. Labanauskas, C_ and Reuther, W.
(1867), Leaf analysis as a diagnostic tool and quide
to fertilisation. In: The Citrus Industry, Vol. 3. |Reuther,
W., Webber, H.J, and Batchelor, LD, Eds). Univer-
Si'ly of California, USA, pp. 183-210

Jorgensen, K.R. and Price, G.H. {1978), The citrus Jeaf and
soil analysis systern in Queensland. Procesdings of the
International Society of Chriculture, 297-293,

Sale, P.R. (1983} Citrus Nutritiori. Nutrignt function and
determining requirements. New Zealand Ministry of
Agriculture and Fishenes Aghnk, HPP 293,

Smith, P.F [1966]. Citrus nutntion In: Temperate to Trop-
ical Frunt Nutrition. (Childers, N.F., Ed], Horticultural
Publications, Rutgers — The State University, USA, pp
174-207

Smith, P.F (1966) Leal analysis of citrus. In: Temperate
ta Tropieal Fruir Nutrmion, (Childers, N.F , Ed), Horlicul-
tural Publications, RButgers — The State University,
USA, pp. 208-228,




FEIJOAS

The feijoa | Fejoa sellowiana) is a native of South America
wh tis found in mah altiiude areas of Western Paraguay,

Soutnern Brazl, Uruguay, and parls of Argentina It appears
10 be able 1o tolerate a wide range of climates and soil con-
ions provided waler-logged conditions are avoided  Little
18 kpiown ol tha nutritional requirements of 1r:-’|u.«'=s (rowrn
in New Zealand, although they are often grown in soils
naturally low in plant nuinents. No reliable yield figures are
available but values of 25 lonnes/ha have been reporied
Most of the nutrient removal in mature orchards 1s by way
of harvested fruit

PLANT ANALYSIS

Critical leat caoncentrations have nol been established for
feijoas. The values listed in Table 20 are for leaves collec!
ed from plants showing no abvious signs of nulritional dis
orders and as such should only be used as a rough guide
to iInterpreting the results of plant analysis. The leaves were
sampled dunng mid o late summer

Table 20: Typical concentrations for foliar analysis of feijoas.

1

| Efer

" Range

Macranutrients (%)

Nitrogen
Pho

ahoms

! Potassium I
, ':{Iil'_."l_ll"‘l"‘
Magriesi
.::"»J'L i
| Sodlum
Chioride
Micronutrients (ppm)
Mangane 600 |
tron 70-10G6 |
Zinc 152
Copper 2
| Boron 40-60 |

SOIL TESTING

Suggested MAF soil test levels are as follows: pH 5.8-6.8;
P, 30, K, B; Mg, 16; Ca, 8

FERTILISER REQUIREMENTS

In the first two years after planting, no frui is earmed and
light applications of fertiliser are sutticient. After year three,
cropping hegms and by year 10 the orchard may produce
25 tonnes of fruit/ha ar more. By this slage, lar nputs
of fertiliser will be needed. A entative fertiliser programme
for plants of different ages is given {n Table 21

Table 21: A temative fertiliser programmae for feijoas.

Piant Age
| Ivearsi ¥ - |
~ 3
! £0
7 20
3 2(
I 4 g 0]
5 7E b~ 18] 1
£ S0 80 Y
Lz 100 80 100
| g 1201 30) [ §]

In the first three yvears fertiliser should be placed around n
dividual trees, but from four years onward broadeast apgh
cavon 19 satisfactary

Faliar @pplicannn of nutgents should be avoiderd as keep
ing quality ot the fruit has been shown 16 be advarsely al
fected by this practice

FURTHER READING

Franklin, 5. J. Feijoas. Varieties and cullure for commercial
production, New Zealand Ministry of Agniculture and
Fishenas Aglink, HPP 104

FIGS

Figs (Freus earca ) can produce good crops even under tanly
low fertility levels. Sail cultivation should bie only supetficial
otherwise feeding roots will be damaged Trees dre very ser)
sitive to dry soll conditions and ragular supplies of watet
are necessary. ‘Good growth and cropping can be an
couraged by mulching about a metre beyond the drpline

PLANT ANALYSIS

Sampies tor leaf analysis should be collected in February,
and consist of leaves fram non-fruting spurs on spur bear
ing trees. Interpretive standards for nutrient cancentrations

are listed n Table 22

FERTILISER RECOMMENDATIONS

Nitrogen 1s often the only glement that is required bul for
young trees 100 g of a balanced 6:6:5 NPK lertiliser should
be applied every couple of months during the growing sea-
son. Applications should be increased so thal mature crop-
ping frees, 4-5m high, are supplied with 7-10 kg of the
mixture in late winter/garly spring




fuble 22: Standard concentrations for foliar analysis of figs.

I Larrysert Creticasn] Ol ExCcpss

+ 20 5
Holassigm 10
Calcum 3.0
| Micronitrients (ppm)
| Boron ] 50-100 > 300

FURTHER READING

Baxter, P {1981). The Ry — Varieties and Cullure. Agnopte
Agdex 218/ 17, Department of Agriculture, Victoria
Australia

varh Zyl, E.J. (1974, Fig Cultivalion Information Bulletin
No, 211, Fruit and Food Technology Research [nstitute,
Stellenbosch, Soulh Africa

GUAVAS

Guavas | Psrdium guajava ) can be successfully grown in a
wide range of soils, bul they are susceptible to wet feel
Adequale mosiure must be supphed, particularly prior 1o
harvesl

FERTILISER REQUIREMENTS

Young trees should be supphied with 150-500 g 6:6:5 NPK
halanced fertiliser every couple of months during the grow-
Ing season, Lhe amounts increasing with age. Older rees
should be given aboutl 500 g 6 6:5 NPK balanced fertiliser
perom of stem diameter, the application being split between
spring and summer. Heavy bearing lrees should be supplied
with extra N shortly betare llowerng

FURTHER READING

Malo, S.E. and Campbell, C.W. 11968}. The Guava. Fruit
Crop Facls Sheet Ne. 4, Flonda Agricultural Extension
Service, University of Florida, (USA

Stadler, J.D. and Nortje, B K. (1972), Guava Cultivation
Information Bulletin No. 79, Fruit and Fruil Techinology
Rasearch Insttute, Siellenbosch, South Africa.

KIWIFRUIT

Kiwitruit { Actimidia delicrosa ) 1s 8 vigorous growing vine. In
Its natural habital in the mountainous regions of central and
southern China it is found growing in deep humus-rich soils
un the sides of steep gullies. In N2 kiwifruit have been suc-
cussiully grown on a wide range of soll types, but it vields
bost on well draned soils which are not prone o waler
logamg or likely to dry out too guickly in the sumrmer. Kiwi-
ruil have arr extensive rool system which in mature orchards
may overlap with that from vines in adjacent rows. Recent
naulls have also shown that d large proportion of their foots
o close 1o the surface of the soil; although some roatls
niy penatrate the soil to considerable depths, However,

= with untavourable charactenstics such as those with

compacted iron pans or which are heavy and poorly drain-
Ing, the root system may be restricted ¢loseé (o the surface.
Mhe distnbution of the root system will diclale whethar fer-
tiliser should be spread evenly throughoul the orchard or
banded close 1o the planl. As 50% of thi root sysiem needs
ta be exposad 1o the feriliser o be effective, broadcast
methods of application should generally be used in prefer
ence 1o banding methods,

PLANT ANALYSIS

Leaf samples tor monitoning the nutrent status ol the vine
should be taken at the same physiological stage of growth
each year Thats, tme of sampling should be measured
in terms of weeks after budbreak rathar than on a stnet
calendar basis. l.eaves should be collected sarly In the sea
son tor chernical analysts. Prior to fruil sel the youngest fully
expanded leaves on current season’s canes should be laken
However, || samplas are 1o be collectad after frun set then
tha second leaf past the final fruit cluster on a fruiting cane
shiould be taken. In both cases leaves from al least 20 vines
(two 1o three leaves per vinel shiould be collectad within the
area of the orchard to be monitored. Tentative standards
for assessing the nuinent status of kwifrun [eaves sampled
mid season are given in Table 23.

Because of the marked seasonal changes that aceur in
nutrient concentrations in leaves, optimum concenlrations
for assessing nutrient status early in the season (Table 24)
differ from those recorded during February

Sampling leaves for diagnostic purposes s largely independ-
ant of the time during the growing season, Leaves (blades
plus petioles) showing distinctive symploms should be col
lected as soon as they appear on the affected vines. Al the
same ume a second sample of leaves should also be cal
lected from an identical position on healthy non-alfected
plants nearby. By taking an affected and an unafloctod sarm
ple the results can be compared directly and possibio s
orders identified without having to rely upan
values.
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Table 23: Standard concentrations for foliar analysis of kiwifruit
leaves sampled in February.

Element Defrcignt Oprmum Excess
Macronutrients (%)

Nitrogen <15 22 -28 >55
Phosphorus <Qg 12 0.18-0.22 =10
Fotassum <15 1.8 =25 -
Calcium <D 2 3.0 -35 =
Maagnesium <Ql 0.3 04

Sulphur <018 0.25-0.48 =
Sodium = 01005 =012
Chloride <086 10 -30 >7.0
Micrenutrients (ppm)

Manganese < 30 50-100 > 1500
Iron < 60 BO-200

Zinc < 12 15-30 =1000
Capper < 3 10=15 .
Boron < 20 40-50 > 100

of nutrients in fruit and prunings give some guide as (o the
minimum Quantitice which must be replaced eaeh year Hom
reserves In the soll or tram fertiiser additons . For some cle-
ments such as K the guantities thal need o be replaced are
large. The estimated annual remaoval of nutrents in frult from
a mature orchard producing 25 t/ha 1s given in Table 25

Table 25: Tentative annual fertiliser requirements for maintaining
maximum yields on established kiwifruit vines and the
estimated nutrient loss in a 25 tonne/ha crop.-

Element Appheaton Rate Croo Removal
kg/ha kgiha
Nitroger 10G-150 46
Phosphorus B 3]
Folgssuim 250-300 80
Caleium - 8
Magnesilim 50 4
Sulphur 60 3]

Table 24: Standard concentrations for foliar analysis of kiwifruit
leaves sampled four weeks after leaf emergence.

Element Optimum
Range
Macronutrients {%)
Nitrogen 35 -39
Priosphorus 086 -0.7
Potassium 2 65-2.75
Calcum: 1.35-1.45
Magnesium 0.30-0.35
Suylphur 0,50-0.55
Micronutrients (ppm)
Manganese 85- 95
fron 115-160
Zinc 55-70
Copper 20-30
Boron 18-30

SOIL TESTING

There is no definitive information for kiwifruit at present on
the optimum nutrient levels in soils. In the absence of well
defined target levels for each nutrient in the wide range of
soil types on which kiwifruit are grawn it would seem that
the presence of healthy high yielding vines should be the
ultimate arbiter as to whether or not sail conditions are op-
tumum for growth, Soil tests should be carred oul betore
planting and each succeeding year with the aim of monitor-
ing and correcting trends In nutrient levals in the soil rather
than in the pursuit of attaning particular soil values.

Recent results show that kiwifruit tolerate a wide range ol
macronutrient concentratians in the soil, but inconsisten-
cies relating to soil type da cceur. For example, kiwifrui
have been observed growing vigorously at pH values as low
as 4.5 on peat soils and as high as 6.8 on calcareous allu-
vial soils at Gisbarne and Hastings, yet a pH of 5.2 on
Ohaupo sift loam has resulted in Mn toxicity

FERTILISER REQUIREMENTS

‘Precise information from fertiliser trials on the guantity of
nutrients needed to maintain maximum production and to
correct specific nutrient disorders is currently lacking for
kiwifruit grown in NZ. However, estimates of the removal

While generalised mamnignance fertiliser recommaendations
can be based on the guantities of nulnents removed trom
the orchard in fruit, they may nel be suthcenlly accurate
to prevent nultient disorders ansing in every situation. For
example, additional inputs will be neaded il prunings, either
winter or summer, are alse removed from the orachard.
Furthermaore in young orchards, additional nutnents will be
required for extension of the vine lramework. Therefore it
15 important to monitor closely the nutrient status of the crop
with soil and plant analysis. Results from analysis of leaf
samples collected from different parts of the plant every two
weeks from budbreak until leaf fall show that for elements
such as N, P and K, the period of greatest uptake oceurs
during early leaf growih up to fruit set. Thus it is essential
that fertilisers be applied early \n the season [August-
September|.

NUTRIENT DISORDERS

Nutritional disorders are commaon in kiwifruit grown in NZ,
Such disorders have resulted in sarious reductions in fruit
production and in some cases atfected the starage quality
of the fruit. Common disorders ranked according to the fre-
quency with which thay occur in the field are as follows:

K, Mg, N, Mn, Zn
B, Na, Mn

Potassium deficiency (K< 1 5%} 15 by lar lhe most
widespread disorder. In many cases the distinctive leaf sym-
ptoms associated with K deficiency have been incoriectly
attributed 1o drought stréss and wind damage. The first signs
of the disorder include poor growth at bud break. As the
deficiency becomes more pronounced there 1s an upward
rolling of the margins of the older leaves which is particu-
larly noticeable dunng the warmer perods of the day This
symptom may disappear overmight only to reappear the ltol-
lowing day. Eventually, the leaf margins remain permanenily
rolled Later in the season large argas of tssue die giving
the leaf a scorched appearance as the aftected tissues dry
out. Inadequarte applications of K fertibser to compansate
for K required in new cane and leaf growth, and for the large
annual removal in fruit, largely accounts for the high inci-

Deficiencies:
Toxicilies:

‘dence of this disorder, Compatition from grasses and clover

can also enhance a deficiency of K. To correct a moderate
to severe deficiency in a mature orchard expected to
produce 25 tonnes/ha plus grow an axtra 40 metres of cane
per vine, an input of at least 260-300 kagfha of K (500-600
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Lo/ ol potassium chloride) would be required. Potassium
ihlonde should be used in preference o potassium sulphate.

Magnesium deficiency (IMg< 0.1% is relatively widespread
Svinptoms include a pate yeliow-gteen interveinal chioro-
sis il the older Ieaves. The chibrosis usually develops al the

leal margin and spreads inwards between the vains towards:

the midrb, often leaving a relatively wide zone of healihy
Lissue each side of the main voins and al the base of tha
Ivat. Initially, there is no necrotic Hissue associated with the
ehlotasis, bul as the deficiency becomes more pronounced
ihe chiorotic tissue turns bright vellow and a marginal or
interveinal necrosis may develop, Symptoms ol Mg deficien-
cy are not usually ebserved until February and then only op
Ihe older leaves of thea current Season’s extension canes
To cerrect a moderate o severe delicency an input of a
least 100-200 kg Mglha is required

Symploms of N deficiancy (N < 1 6% develop lirst on the
older lraves and spread prograssively o voung leaves until
the whole plant is affectiad  Inally, there is a gradual change
in the colour of the leaf from the usual dark grezn 1o light
green. On severely geficient plants the vens rematn gan

spicuously green. Without regutar annual applications of N
tertiisers, most herticultural soils in NZ which are cropping
regularly will sooner ot later become dehigient in Ihis
alement

Manganese delicenoy (Mn< 20 ppmi produces a light
grean-yellow intetveinal chiorosis which appears 1irst on re
cently matured leaves bul inosevere cases (| may alloc)
almost all leaves on a plant. As tha deticiency becomeas more
pranounced, the zone ¢l healthy lissbe recedes sven fur-
ther towards the vains so that eventually only the veins re-
main green, Leat siza s not notictably teduced nor s thore
any necrosis ol the leal lissue. Manganese delicigncy 1§
widespread m parts of Gisbornie and Hawkes Bay, and is
usually associated with sois where the pH exceeds 6 8. In
most cases Mn deficiency can be corrected readily by ap-
plying sufficient quantities of campounds which will acid-
ify the soll thereby releasmg previously undvailabls
manganese ta the plant. Such acidifving compounds include
linely ground elemental S, alumirum sulphate, or ammon-
wm sulphate.

Zine deliciency (Zn< 12 ppm) ol kewifruil has been observed
in orchards on the Waimea Plains near Nelson, a1 Motueka,
Wanganui and near Hastings, Low levals of Zn also ‘oceus
in-soils at Keriker, but there 1s no evidence yat ol a dofi-
cieney In kiwifrult grown en these soils Symptoms of 1hig
disorder include-a bnght yellow imerveinal ehlbrosis on the
older leaves with the veins remdining dark green Foliar
sprays or soll applications of zing salls Must be applied pror
1o leaf emergence or shortly after if these methads are to
be effective In correcting the deficiency.

As with other B sensitive plants the margin between B suffi-
ciency and loxicity is very narrow for kiwitruil. Concentra-
tions of B in the leaves anly slightly above the required level
:an cause sefious injury to the plant. Early symptoms of B
xicity (B =100 ppmi include a vellow-green interveinal
chiorosis developing hirst on the older lgaves and spread-
g progressively 1o the youpger leaves. It is also usual 1o
lind the affectad leaves cupped either upwatds or down-
wards As the toxicity becomes more pronounced, the in-
torvennal chiorosis quickly gives way to small patchas of
waciotic tissue which develop belween the minor veins and
catnnd 1o the midnb. Eventually, the necrotic patches link

up forming a continuous zone of dead lissue belween the
rmajor veing. As this necrotic lissue weathars it changes from
brown to a silverv-grey colaur, By this stage the mecralic
fissue has become very brittle and may break away giving
a ragged appearance (o the leaf. In NZ B 1oxicily has been
cbservad lollowing heavy applications of B fertiliser (o the
soil tin excess of 2 kg B/hal, as g resull of follar sprays, ot
where bare walters naturally high v B (=08 mgl/ll have
been used for irrigaton,

Excess Na in bore waters (Na> 100 mg/l) has damaged
kiwifruit in the Bay of Plenty and Gisborne. in 1he Tield
kiwifrutl affected by excess Na are typically stunied with
srnall, dull bluish-green leaves, Wilting symptoms are sel-
dom observed. [t appears that kiwifruit effectivaly exclude
Na from the agrial issues as the concentratian in leaves of
allectad plants are always less than 0, 12% DM As with
other plant species Ihe mechanisms whereliy Na interfares.
with the metabolisim of the plant are not well understosd

Manganese taxicity (Mn > 1500 ppm) can be distinguishad
tromv other nuintional disorders by the appearance ol a reg-
ular pattern of small black spots which concentrate along
the main veins on the alder leaves, Manganese toxicily is
nearly always associated with acid soils andlor poorly
drainad seds. This disarder can be corrected by application
ot lime which incroases sl pH and reduces the solubiity
ol Mn; and by improvement of drainage in the orctiard

FURTHER READING

Clark, C.J. and Smith, G §, 119858), pH-induced manganese
deficizney  Possible methods of correclion. Southern
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freultural Reviews, 6: 1 64,
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LOQUATS

Little s known about the nutntional requirements of logug
| Eriobotrya japoruca ) 5o a ferliliser mix, ichin N, and sim

ilar ta that used for citrus, could be applied i spvetd) appl
cations per vear to young trees. Oltler trees should bo
supplied with 6-9 kg of a balanced 6:6:5 NPK lerilum, Iy
ithirds before flowering in late autumn/early wintar, e

mainder after flowering.




FURTHER READING

Johnson, J.R. (1980}, Laquat Growing, Series 4, Pome Frull
Bulletin H4.1.4, New Soulth Wales Departmant of
Agriculture, Australia.

LYCHEES (LITCHD

Lychees | Liteh chinensis) could be grown only in the warm-
est parts of NZ. For best growth they require abundant
moisture

PLANT ANALYSIS

Samples for leaf analysis consist of the middle pair of leatlets
fram the second composite leaf located behind the fruiting
stalk and towards the stem- These should be collected 6-10
weeks prior 10 harvest, The range of nutrient concentrations
expected (n healthy tissue sampled at this time of year are
given in Table 26

Table 26: Typical concentrations for foliar analysis of lychees.

Element Range
Magcronutrients (%)

Nitrogen 1.5 =20
Phosphorus 0.1 -03
Potassium 07 =14
Caicium 0.5 =10
Maaresum 0,25-0.60
Sodiurmn <010
Micronutrients (ppm)

Mzanganese 40-400
Iron 25-200
Zinc 15-25
Copper 5-20
‘Boron 15-50

FERTILISER REQUIREMENTS

Young trees should be supplied with 100-200 g 0l a 6:6:5
NPK fertiliser every couple of months during the growing
season. By the third year, trees should be supplied with
about 1 kg of such a mix per year for every 2.6 ¢ of runk
diasmeter. Similar programmes should be suitable for larger
plants.

FURTHER READING

Loebel, R. (1975). The Litchie. Bulletin HG.1.4, Series B,
(Agdex 270/20), Division of Horticulture, New South
Wales Department of Agriculture, Australia.

Yee, W. (1872), The Lychee in Hawau, Circular 366, Co-
operative Extension Service, University of Hawail, USA

MACADAMIAS

Macadamias are indigenous 10 the coastal rainforests of
Southern Queensland and Northern New South Wales but
were first developed commercially in Hawaii during the early
1920s. Two main species are cultivated commercially lor
their nuts, M. integrifolia and M. tetraphylla. The former
species has round, smooth-shelled nuts, creamy-white flow-
ers and young vegetation that is pale green or bronze In

cantrast M. terraphyiia has peeble surfaced nuts, pink (low-
ars and immature leaves which have a purple or reddish
colouration. As ils name suggests M retraphyiia nodes com
monly carry four leaves as opposed to three for the integrfo-
hia species

‘Macadamias grow best in a subtropical environment and

in NZ may be grown in areas suitable for avocado and citrus
Bath species appear 1o crop equally well here. Tetraphylls
varielies however appear 10 be mare suitable for produc-
tion of fresh nuts and have fewer establishmant problems
than integrifolia varieties, which, because of their higher oil
content, are preferable for processing

There Is mimimal information available cencerning the
nutrient requirements of macadamias under NZ conditions
The intormation presented here is based on research in Aus-
tralia and Hawaii.

PLANT ANALYSIS

Fertiliser programmes based on leal analysis have been
found 1o be accurate and useful for predicting the nutrient
reguirements of trees growing on different soil types in
Hawaii. The standard procedure for plant analysis consists
of taking leaves from the most recently matured lerminal.
Usually these will be the group of leaves at the second noda
back from the growing tip, New terminals continue Lo de-
velop throughout the year and can be easily identified in that
the leaves are a glossier green than older leaves. Care should
be taken however to ensure thal leaves are not selected from
terminals that have not fully matured; immature leaves have
a distinctly softer feefing. Each sample should consistof ap-
proximately 50-100 leaves selected at random from
throughout the property

Table 27: Standard concentrations for foliar analysis of maca-
damias (Integrifolia sp.}.*

Elernent Dalicent Optimiam Excess
Macronutrients (%}

Nitragen <13 1215 >16
Phosphorus < D06 0.07-008 >0.1]
Potassium < 040 0.45-0 65 >0.8
Calelum <04 0.60-0 80 -
Magnesium < D08 0.08-0.11 -
Sulphiur <18 0.18-0.25 -
Sodium - £2.01-0 04 -
Micronutrients (ppm)

Manganese < 10 100- 1000 > 1500
fron < 20 20-200 -
Zine < 10 165-50 .
Copper < -3 5-10 -
Boron < 20 40-75 > 100
* Based on Shigeura and Ooka (1984}

Standards for chemical analysis of macadamia leal tissue
are listed in Table 27, As the leaves being sampled are al-
ways of the same physiological age the nutrient coneen-
trations listed are applicable to samples taken at any lime
during the summer season. Analysis values for tetraphyiles
can be based on those for integrifolia although adjustments
may need to be made depending on responses in produc-
tion and nut quality to fertiliser additions.
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SOIL TESTING

Ihere are no optimum soil test levels suggested for macada-
nuas grown In this country. Conflicting opimons exist as to
what the most favourable pH range is for production in Aus-
iraliz. Suggested values range between 5.5-:6.9 However,
as most of the NZ plantings are centered on the volcanic
solls around Kerikerl, a pH range of 5.5-6.5 would be more
reasonable w avoid reducing the availability of Zn which is
already low in these soils.

FERTILISER REQUIREMENTS

Macadarmas are sensitive to excess fertiliser, particularly
phasphate. The management practces suggesied en-
courage fertiliser applications to be split into three and ap-
plied about July, December and February prior to seasonal
growth flushes. This strategy avoids plant damage due to
large single applications of fertiliser (young trees are very
susceptible to fertiliser burn) and ensures nutrient availabiity
throughout growth,

For young tries L is suggested that NPK fertiliser (12:2:13)
be used at-an annual rate of 500-600 gitree/vear of age,
up (o a maximurm age of 10 years (DP],19789). This should
be split and applizd in a number of small applications. Broad-
cast rates bf 150-200 kg N/ha, 40-60 kg P/ha and 50-100
kg K/ha are recommended for mature Irees, the rate being
split into three and applied as outlined above.

NUTRIENT DISORDERS

Itis particularly important to monitor the P status of macada-
rmias with leaf analysis. I1is evident frorm Hawaetlian research
that the margin between P deficiency (P<0.06%) and P
excess (P>0.11%) Is quite narraw, and thal deficiencies
of Fe, Mn ar Mg may be induced following heavy applica-
tions of P lertiliser.

Leaves below the terminal in the top third of P deficient trees
defoliate. The remaining leaves at the apex are small, while
those on the lower third of the tree are larger and heallhy
in appearance. Such trees require immaediate phosphate fer-
tilisation and will respond with time.

The K reguirements of macadamia are low relative to other
crop species. Symptoms of K deficiency (K< 0.05%) are
restricted to older leaves which have a marginal necrosis

Boron deficiency (B > 20 ppmi 1s quite prevalent in Hawai
Symptloms include dieback of the terminals, which show
clusters of small leafy heads, and subterminal defoliauon.
Application of soluble B sources to affectad trees results in
regrowth throughout the defoliated areas and at the ter-
minals. There are soils within NZ where crops require, and
show responses to extra B, however these arg i areas
where the climate is unsuited 1o macadamia production
Deficiency symptoms of Fe, Zn, Mg and N are similar 1o
those in other crop species (see Introductory Section for
symptoms of nutrient deficiencies)

FURTHER READING

Dawes, SN (1981). Macadamias. Varieties and culture for
commercial production. New Zealand Ministry of
Agriculture and Fisheries Aglink, HPP 244

Depariment ol Primary Industries (1878). Macadarnas. Dis-
trict Crop Summary (Brishane to Gympie). Queensland,
Australia, pp. 13.

Massey, W. (1985). Which way will the rniul crack? Southern
Horticulture, 21 18-21.

Shigeura, G.T. and Ooka, H, (1984). Macadzamia Nuts in

Hawaii: History and Froduction. Research Extension
Series 039, College of Tropical Agriculture and Human
Resources, University of Hawail, USA, pp. 91

OLIVES

Although olives | Olea eurapaea ) will arow and produce fruit
aven an extraordinarily poor stoney soils they do respond
to tertilisers. They are shallow rooted and cultivation should
be Kept to a mimmum

PLANT ANALYSIS

Samples for leaf analysis should be collecled In February
and consist of fully expanded basal to mid shoot leaves, In-
terpretive standards are listed in Table 28,

Table 28: Standard concentrations for foliar analysis of olives.

Element

Magcranutrients (%}

Nitrogen <14 16-20
Phosphorus = = =
Potassium <04 08 —
Calcium: - 1.0 -
Magnesium 00 -
Sodium - -
Chioride - -

Micronutrients (ppm)
Boron 14

Deliciam Colitaurm Excess

18-150

FERTILISER REQUIREMENTS

The following recommendations are based on the
programmes for South African and Californian gonditions,
Belore planting, large-amounts of organic matter should be
incorporated into the soil '

At planting, 1.5 kg 15% potassic superphosphate and 0.5
kg ammonium sulphate can be mixed well with the soils
replaced in the holes (ie; about T00 g N, 120g P, 100 g K),

For trees one to four years of age 1.5 kg 15% potassic
superphosphate and 0.5 kg urea should be broadeast under
fraes; two thirds in August before the spring flush of growth,
one third at flowering (e, aboul 260 g N, 1209 P, 100 g K.

Once trees begin 1o bear 3.0 kg 16% potassic super-
phosphate and 0.5 kg urea should be broadcast evenly
under trees, in split applications as above (ie, about 500
g N, 240 g P, 200 g K).

FURTHER READING

Castiglione, C. and Glommaert, K.L.J. (1971). Olive Grow-
ing. Infermation Bulletin No. 53, Fruitand Food Tech-
nology Research Institute, Stellenbosch, South Alrica

Beutel, J.; Uniu, K, and Lilleland, O, {1878}, Leaf analysis
for Calitornia deciduous fruits. In: Sof and Flant — Tis
sue Testing in California. (Reisenauer, H M., Ed),
University of Califormia, USA, pp. 11-14




PASSIONFRUIT (PURPLE GRANADILLA)

Passionfruil { Passiflora edulis ) tolerate a wide range of sofl
types provided they are tree draimng. Such condimons are
essential to minimise the nsk of root canker which i1s a8 com-
plex disease resulting from a combination ot Phytophthera,
Fusanum, and Vertediurn . The root system 1S extensive buit
shallow, and as such Is easily damaged and may also be
subjected to intense competition from weeds. In New
Zealand Truit yields average from 10 to 17 tennes/ha, bul
values of up lo 45 tonnes/ha have been recorded

PLANT ANALYSIS

Leat samples for analysis should be taken in'Seplember prior
to lertilisers being apphed. The youngest fully mature leal
an well developed, actively growing lalerals should be
selected, with each samiple consisting ot at least 20 leaves
taken from vines randomily selected throughout the orchard

Standard leal concentrations given in Table 29 are based
on Australian figures. Copper leaf concentrations may be
much higher in NZ, often around 250 ppm, due o the
presence of residues from copper sprays used to control
both fungal and bacterial diseases

Table 29: Typical concentrations for foliar analysis of passion-

fruit,

Element Loyw Optimiam High
[ Macronutrients (%)

Nitroger <4.75 4.75-5.25

Phosphorus < 0.25 0.25-G.35

Potassium < 2.6 20 <256

Calciurm <058 05 =15

Magnesium < 1.25 0.25-0.35

Sodium <01 01 0.2

Chlonde < 08 0.6 =16

Micronutrients (ppm)

Manganese < 50 50-200 = 200

Iron < 100 100-200 > 200

Zinc < 4b 45-80 > 30 |
| Copper < B 5-20 = 20 |

SOIL TESTING

Targel MAF seil test values have not biean determined lor
passiontruil grown in New Zealand. Howevir, a soil pH of
5.5 to 6.5 is recommended for Australian condibions

FERTILISER REQUIREMENTS

Under ideal conditions passionfruit is a vigorous and heavy
bearing vine. To mantain high production large guantities
of fartilisers are needed (Table 301

The tertiliser should be applied in two dressings, one hall
Table 30: Maintenance fertiliser requirements for mature pas-

sionfruit vines, and estimated nutrient removal in a
15 tonne/ha crop.

ﬁ:.--.r.-:-

koiha kg/h
|
180-200 50 |
Phosphocus 50 &
Potassium 2040
Sulphue 30 ’

|

in Seplember and the balance in late Novernber, aarly Dec
ember | the first vear the following guantities arg (ecom
mended: 75-100 kg N; 30 kg P, 30 kg S and 100 kg Kiha
In-all cases fertiliser should be spread gver the enlire area
between the Lellises

NUTRITIONAL DISORDERS

The nutritional disorders which ara maost likely 1o affecl
produchon are those associaled with excess M, and del
clencies of Zn and Mn

Research overseas has shown plants that are growing lux
uriantly but vieldirig pooerly may be recewving tog much N
In such cases a reduction in the armount of N applied while
increasing that of P and K has resulted In increased
production

Zine deficiency 1s relatively common in passianfrunl, Symp
torns include small leaves, distorted growing tips and yel
low intervainal mottling of younger leaves. A foliar spray
consisting of 100 g zinc oxide (ZnO] plus 300 g ureal/ 100 |
applied in spring when the naw growih s a few weeks old,
has been found to be effeclive

Manganese deficiency is comman In vines. grown on cal-
careous and other high pH solls (pH  7.0) such as those
found in the Poverty Bay and Hawkes Bay areas. Folias
sprays with manganese sulphate (500 g/ 100 1) may ba used
but a more effective measure is to lreal the soll with an
acidifying compound such as ammonilm sulphate, linely
ground elemenlal S, or-aluminium sulphate

FURTHER READING

Clark, C.J_and Smith, G.S. {1884} pH-induced manganese
deficiency. Possible methads of correction. Southern
Hortictufture, 18 21-23
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Government Printer, Wellington, pp. 24

Yerex, D. (1983). Passionfruit. Yel anothar chance.
Southern Horticulture, 12; 45:47




PERSIMMONS (KAKI)

Persimmons { Diospyros kaki) are a new commercial crop
in NZ, although isolated trees have long been grown in' home
gardens in various parts of the country, Most of these planis
are astringent whergas non-astnngent cultivars are now
recommended for orchards. The lertiliser practices and nmutri-
tional requirements adopted tor commercially grown per-
simmons in NZ are essenlially based on those evolved in
Japan under different managemen! regimes, and on soil
types thal differ from our own, An investigaton ol the nulr
tional requirements of persimmaons grown under our own
conditions 15 currently being undertaken at Ruakura

PLANT ANALYSIS

Leaf samples for chemical analysis should be collected ap-
proximately two months pror to harvest. In NZ this cor-
responds to the late February-March period. Between 25-50
youngest mature leaves should be obtained from non-
fruiting extension shoots on trees selected at random {omit-
ting pollinators) throughout the orchard. In young blocks
prior to fruit production, youngest mature leaves should ba
selected from the most recent vegetalive growth. This s
generally growth which has occurred during summer tlush
and has a lighter green colouration than the older leat mater-
ial produced in spring

The nutnent concentrations listed as ‘optimum’ {Table 31)
are provisional, being derived from limited surveys of Fuyu
blocks i orchards at Te Puke and in the Walkalo. Those
defining deficiency arise from archard surveys and sand cul-
lure studies done In Japan. Much of this information can
be expected 1o be refinad as our experience with persim-
mons increases,

SOIL TESTING

Persimmeons grow on a wide rarge of soil types, byl prefer
deep, fertile, well drained soils. They can grow on clay solls
il well drained, or on lighter sandy soils it wall irrigated

[he general fertility levels of soil should be adjusted before
planting. Adjustment of pH is particularly important in this

regard. Persimmons require a pH between 6-6.5; prefera-
bly closer ta 6.5, As this plant develops a large lap root (de-
velopment of an extensivae network of lateral roots does not
seem 10 ocoUr in some of our soils), it is important ta in-
fluence the pH at depth. This s most easlly done ptier (o
planting

Soll testing should be done annually at the same time of
year. Samples should be taken about 1.5 m out from the
trunk in the herbicide stnp. N s suggested that samples be
taken at lwo depths, 0-20 and 20-40 cm; the latter sample
to check soil pH in this zone.

There are no optimum MAF soil test levels available for this
crop. Orchards containing healthy trees in the Pukekohe area
have average levels ((-20 em) of Ca, 10; K, 19; P, 66; and
Mg, 21 These can only be regarded as.a guide and should
be expecled 1o differ In other regions such as Gisborne, for
example, where naturally oceurring levels of K, Mg and Ca
routinely exceed these.

FERTILISER REQUIREMENTS

Persimmaons take about 10 years to reach lull cropping and
the fertiliser programmes should be increased accordingly,

Young trees

Year 1: A balanced NPK fertiliser should be spread arounil
each plant providing it with 50 g N, 60 g P, 50 g K/tree
in three applications: half in late dormancy lend of August),
a guarter in mid October, and the remaning quarter at the
end of December. Maost formulations will supply sufficient
Mg (25 g Mglee)

Years 2-5; Each vear the application should be increased so

that by year five each lree is being suppled 200g N, 160
a P, 200 g K and 100 g Mg Applications can then be
reduced 1o two a year. As the trees start cfopping the rela:
tive supplies of potassium are increased.

Mature trees

Fertilisers (Table 32) should be broadcast in twe dressings
in spnng (late August) and sumrmer {late Decembear). These

Table 31: Standard concentrations for foliar analysis of per-
simmons (Fuyu)®,

Element Deficient Optimum
Macronutrients {%)
Mitrogen ™ < 0.93 1.57-2 00
Phosphorus < D05 0.10-0.19
Potassium <042 2:40-3 70
Calerum* < 026 1.35-311
Magresium <033 0.17-0 4B
Sulphur 021-0 44
Sodium 0.01-002
Micronutrients (ppm)
Manganese < 27 238-928
lron - 56-124
Zinc - 5-36
Copper: - 1-8
Boron - 48-93
= This data is based ¢ni analysis of tissue from fruiting lrees, Gy
concentrations in tissue from young non-fruming tréss ane hkely
to be lower than these values | £ 7.2%), with N somew!l
hugher (H.2,.2%)
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applications are somewhat lower than Ihose Used in Japan,
but recommendations will probably be moditied with ex-
perience n s country. In Japan, more N is supplied to
trees growing on heavy clay solls, less P to treas in sandy
solls.

NUTRIENT DISORDERS

To date, nuirient disarders observed in NZ grown persim-
mons are restricted to deficiencies of Mg, M, Ca and Fe,
the former two in orchards, the latter common in seedlings
grown in planter bags '

Table 32: Suggested fertiliser recommandations for mature per-
simmon orchards and nutrient removal in a 28
tonne/ha crop.

Elgment Applicanon Bave Crop Remoyal
kglha kdfta
Spring Sumimes
Nitragen 100 25 21
Phosphorus 0 - 8
Potassium 100 28 45
Calgiurm - - 5
Magnesium 70 - 18
Sulphur - - 2.5

The feal symptoms for Mg deficiency (Mg < 0 13%} are
similar o those for othier crops. Al this stage it seems thal
Haspital Fuyu may be more susceplible to this deficiency,
necrolic tissue appearing in the interveinal regions of the
young summer growth about March, Scil applieations of
soluble Mg sources at a rate of 200 kg Mg/ha or several
foliar sprays containing 1-2 kg MgS04/ 100 | are effectve,

‘Manganese deficiency (Mn < 27 ppm - see Introductory
Seation for syraptoms of nutnent deticiencies) has been ob-
served on calcareaus alluvial soils in Poverty Bay when the
oM exceeds 7 0, Correction by application of acidifying com-
pounds to lower the soil pH is preferable; however, foliat
applications of MnS04. in spring (300 g MnSQ4 plus 400 g
bydrated limel 100 | — repeated at 10 day ntervals if neces-
sary) will control the deficiency on a seasanal basis,

Leayes with Ca deficiency (Ca< 0.26%) are excessively
puckered and crinkled, particularly near to the leal apex.
Sail applications of soluble forms of Ca such as calcium ni-

trate should alleviate this deficiency.

The mes! sevare and widespread disorder nowever 1s Graan
Biotch, a problem brought aboul by excess manganese (or
inadequate Ca) which creates a Ca/Mn imbalance within
the fruit, Although the concentration of Mn in leaves may
be alevated (Mn > 1000 ppm) symptoms o the disorder
are canfined to the fruitonly. Indeed, concentrations of Mn!
as high as 6800 ppm have been obsarved withoul sym-
ploms of Mn toxicity being presentir leaf tissue Promineni
green blotches appear al the distal end of atfected fruit in
mid March, If the blotches have nol disappearad by har-
vest, as gan oceur, 1he appearance of the fruit makes it un-
suitable tor export sven though the interior flesh remains
unaffected.

Cortective measures, while simple In' theory, have not
groved 10 be entirely satistactory Increasing the pH to 6.5,
partcularly at dapth, is necessary 1o both increase Ca, and
lo decrease the availability of Mn. Alternatively, (I the pH
is already adenuate additon of gypsum (CaSOs) is advo-

cated Foliar sprays of calaium nitrate applied around fruit-

set may assist In correcting Green Blotch, AU present
however the concentration, number of sprays, and thetr tim-

ing 1s shill experimental.

FURTHER READING
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TAMARILLOS

Little research has been carried out in NZ on the nutrient
requirements of lamarillos (Cyphomandra betacea)
However, 1o maintain maximum production of good qual-
ity fruit it has been found that fertiiser, particularly N, needs
to be applied penodically throughout the entire growing sea-
son. The reason for this need 1s that fruil 1s sel 10 trusses
{similar to a tomatol continuously throughout the season
Vegetalive growth is also continuous. Tamarillos come into
production guickly, and a half crop ¢an be carried in the
second year from planting with a full erop in the third year
Under suitable conditions tamarillos can yield from 15 to
17 tonnesfha in commercial orchards.

PLANT ANALYSIS

Critical leat concentrations for tamarillos have not begn de-
termined. The values given in Table 33 are for leaves col-
lected in January-February from plants showing no obvious
signs of nutritional disorders and as such should only be
used as a rough guide Tor assessing the nutnent status ol
leaves. The leaf sample consisted of the voungest fully ex-
panded leaf (plus petiolel from vigorously growing shoots

FERTILISER REQUIREMENTS

Tentative maintenarice fertiliser additions for mature plants
are given in Table 34

The chemical composition of the leaves suggests that the
requirernents for K could be higher than those given in Table
34. However, close monitoring of the plant with leaf analy
sis will indicate whether the rates should be adjustled to meet
local requirements

Phosphorus and K are usually applied in early spring, but
N is applied in several dressings throughoul the season. For
trees pruned in September or October, three equal applica-
tions are made: the first at pruning time, and the other two
mn November and February. If pruning is delayed as late as
November or even December, the first two applications
should be combined and applied at pruming time with the
third being given in February, Nitrogen should not be ap-

Table 33: Typical concentrations for foliar analysis of mature
tamarillo plants.

Elzment B

o

3
o
W

Macronutrients (%)

Niwagen 3.56-4.37
Phospharus 0.22-0.32
Potassium 5.0 «60

Calcium 1.1 =27

Magnesium 0.32-0.42
Sulphur 0.27-0.37
Sodium 0.02-0.06

Micronutrients (ppm)

Mangarnese 80-150
fron 100-150
Zine 24-32
Copper 19-23
Boron 20-30
MolWhdenum 0.2-1.0

Table 34: Annual maintenance fertiliser requirements of tamaril-
los and estimated nutrient removal in a 16 tonne/ha

crop.
Elemant Application Rate Crop Removal
kaiha kafha
Nitrogen 110170 48
Phosphorus 35-55 8
Potasswum 80-100 21
Magnesiurn 20-50 3

plied to dry soil or when plants are suffering from drought
stress as lurther damage could occur

Soil pH should be maintained at 8.0. Al plantirig 400-500
g of blood and bone or other mild organic fertilisers should
be added to the planting hole,

NUTRIENT DISORDERS

Although the symptoms of nutnent disarders of tamarillos
are not well documented instances of deficiencies of most
macronutrients, especially N, K, and Mg have occurred in
NZ, along with deficiencies of Zn and Mn,

FURTHER READING

Sale, P.R 11983). Tamanllos. Orchard management. New
Zealand Ministry of Agriculture and Fisheries Aglink,
HPP 297

Sale, P.R. {1985). Management aspects of tamarillos. New
Zealand Fruit and Produce Journal, Sept/Oct: 17-20
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GRAPEVINES

Among horticultural plants, grapevines are acknowledged
as having less exacting nutritional requirements. They can
be grown on a wide range of soil types, bul nulritional
problems show most commuonly on lighter textured solls
Most established vineyards in New Zealand are on medi-
um to heavier textured soil, with the exception of Marl
borough. Nutnienl disorders are often suspected wherea in
fact the causes of poor vine growth resuit trom other fac
tors such as water logging, phylloxera, nematodes, drought
and herbicide injury.

New Zealand vineyards are commonly located on fertile
soils, and normally annual fertiliser reguirements are not
necessary. As a general rule annual fertiliser applications
can be regarded as an unnecessary expense unless in-
dicated by deficiency symptoms, soil tests or preferably, by
plant analysis.

PLANT ANALYSIS

Australian and Califarnian studies have shown that petioles
best reflect the nutritional status of grapevines. A typical
sample should consist of 30 large or 50 small petioles taken
at flowering from the leaf opposite the basal cluster. The
petioles should alse ceme from lgaves exposed on the out-
side of the vine. For rnonitoring the nutrient status of vines
later in the season, whole leaf blades (withoul the petioles)
can be taken from mid shoot leaves during fruil ripening

Tentalive eritical nutrient standards based mamnly on over
seas research are listed for petioles and leal blades in Ta-
bles 35 and 36 respectively. These values are presently
being evaluated for New Zealand conditions. Sprays con-
taining Mn, Zn, or Cu can cause high levels if the sampled
tissues are nol washed \n water, Varieties are known to differ
in mitrate and Zn levels, so the standard concentrations listed
in Tables 35 and 36 may nol apply in all situations,

SOIL TESTING

There is a lack of definitive solil test levels for grapevines
in NZ, but the fallowing values have been found as a useful

Table 35: Standard petiole concentrations for chemical analysis
of grapevines at full bloom,

Element Deficient Ootimum Excess
Msacronutrients (%)

Totai mitrogen - 0.8 0B =10 > 12
Nitrate nitrogen < 570 §70-1750 > 1750
Phosphorus <= 015 0,21-060 > 0.5
Potassium < 1.0 1625 > 30
Calgium < 1.0 1.4 =25

Magresium z 05 0.31-0.8 > |0
Suiphuf < D.15 0.21-0.5 =05
Sodium 0.02-0.56 = (L5
Chioride - 0.5 ~1:5 >2:0
Micronutrients (ppm)

Manganese < 20 25-200 =200
[£als] < 30 31-100 =100
ZinG < 20 25-50 =100
Coppes < 4 §-20 =25
Boron < 25 31-50 > 25()
* Expressed as ppm

Table 36: Standard concentrations for foliar analysis of grape-
vines during fruit ripening.

Element Dahicient Opnmum
Macronutrients (%)

Nirgen < 1.0 1.5 =28 =40
Phosphorus <010 0.16-0 25 =04
Potassiurm < .6 ¥ =16 > 2/
Calenpm 20 -4.0 > 4.0
Magneswom 8 0 02 08 >08
Sulphur 02104 056
Sodium 0.05-0 12 =025
Chionde - =085
Micronutrients (ppm)

Manganess =0 41-100 * 480
lron < 35 40-100 > 250
Zine = 20 26-40 > 300
Copper < 4 18-34 =100
Borson < 25 31-590 > 300

guide in Hawkes Bay and Poverty Bay A different relation-
ship can be expected for soils in other districts where the
Mg and Ca status of sols will be much lower. The recom
mended MAF soil test leveis are:

pH Ca 7 K Ma S (SOl
5.86.8 10+ 30+ 15-20 Z0-40 10+

Boron deficiency can be expected with a soil lest value of
less than 0.5 ppm B, and toxicity with mare than 2.5 ppm
B in hot water extracts. In acid soils, Al, Mn and possibly
Cu loxicities may be expected. Aluminium toxicity can be
expected with a soil pH of 5.0 or less, and when the ex-
changeable Alis more than 50 mg/kg (N KCl extract). Man-
ganese toxicity is expected with a soil pH o 5.0 of less,
and reducible Mn levels (extracted in N ammonium acetate
at pH 7} of more than 100 ma/kg. Copper taxicity is ex-
pected wilh a soll pH of less than 6 and more than 26 malkg
exchangeable Cu in sandy soils, and more than 100 mg/kg
in clay soils lextracted in N ammonium acetate of pH 7)

FERTILISER REQUIREMENTS
A guide 10 the potential quantity of fertiliser needed to main-
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imn high fruit yields can be estimated from the nuinent re-
moved in the harvested fruit. For example, the estimated
nulrient removal ina 20 tonne/ha Muellar Thurgau crop |8
listed in Table 37

Table 37: Estimated nutrient removal in a 20 tonna/ha Mueller
Thurgau crop.

kgina kglha
Macronutrients Micronutrients
Nitrogen 38 Manganese @
Phosghorus 8 fron 0z
Potassium f2 Zine .04
Calcium T Copper ap4
Magriesium 3 Boron az

Making allowances for lertiliser inefficiency and root and
shoot growth, the fellowing inputs would be requirad in
kg/ha: N, 66, P, 20; K, 122,

While the above calculations could lead to annual main-
tenance fertiliser applications, 11t 18 recommended thal the
grower follows the recommendation given In Table 38 and

Table 38: Recommended fertiliser applications for grapevines
where plant analysis indicates deficiency (see text for
notes modifying these recommendations),

Ersrient Vine Age Soil Types Agplication
Rate kaltha
Nirtogen Young Silt/loam soils 0-30
Vioes Coarse sandy or gravel sois 40450
(first vwo yezarst  Clay soils 40-50
Matwire  Silt/loam soils 0-60
Vines  Sand and gravel sois 60-100
_ Clay soils 100
Priosphorus: Preplant Augkiand gurmiand solls Z50
Hawkes Bay/Poverty Bay 130
alluvigl soils
Mature 25-50
Vines
Potassium = Matwe 120
Vines
Maagnesium  Matyre 50-70
Vines
Baron Mature -
Vines

makes whatever applications are needed, only when indi-
cated by plant analysis.

Growers are caultioned against annual-applications of N as

this may produce undesirable vigour problems. Cammonly,
NZ vineyards are excessively vigorous, and annual N appli-
catons will make this problem warse. In fact, in many sit-
uations generous N apphcations may be the cause ot this
problem, Growers are recommended o monitor nutrient
levels in the vines before using N. Excessive shoot growth,
particularly late in the season will reduce crop sugar levels.

The rates of N listed in Table 38 are based on studies In
Calitornia where soils are commonly of lighter texture than
those in NZ._ Its stressed that growers should consider rates
of about half the values given unless nutrient tests indicate

severe deficiency levels. Where grassing down is used, an

extra 20-30 kg N/ha could be applied if no clovers are
present. Where the vinevard shows anly limited weak areas,
spot treatment rather than blanket treatment should be con-
sidered. For young vines grown on soils other than the silts

and loams N should be applied Using spilt applications dur-
ing early spring and mid summer

To correct severe deficiencies of K in California, rates con-
taining up to 1000 kg K/ha have been found to be neces-
sary. New Zealand growers are advised to use these high
rdtes only on trial plots initially as large, single applications
ol potash could induge Mg and Ca deficiencies

Applications of K can be made in late autumn or early winter
ta heavy saoils, or early spring 1or light textured soils.

Whiere the prasence of a micronutrien! deficiency bas been
confirmed, foliar rather than soil application of fertilisers is
vommonly used to correct the imbalance (Table 391 To
avaid possible toxicity prablems arising though care should
be taken when using this method of application

'\I\ﬁ'vere deticiencies involving N, Mg and B are indicated,
gither solid or foliar fertilisers can be applied (Tables 38 and
39). Boron ts normally applied as a mixed tertlliser (eq, bor-
ated superphosphate), but growers are cautioned against
repeated annual dressings. Applications are required only
@very 2-8 years. Apply fertiliser to the soil in autumn or early
winter.

A guide to liming rate is given below, A larget pH range of
5.8:6.8 is recommended with a minimum of 5.5, Note that
for a subsoil pH problemn, surface broadcasting 1s not ef-
fective in overcoming the problem. Lime must be incorpor-
ated deeply and be well mixed into the soil.

Te raise the pH by 0.5 urits tor a 20 em laver of soil re-
quires the following amounts of ground limestone (85%
CaC_Os}'.

Sandy soils 175 tonnelha
Sill loams 3.0 1onneiha
Clay soils 5.5 tormelha

On acid northern gumland clays rates of lime of 7 6 10 10
tonne/ha are not uncamimoen and may need to be repeated
1o raise the pH to desirable levels.

Table 39: Recommended foliar applications for grapevines where
plant analysis indicates deficiency.

Elemant Frequency and Timing Application HRate
Quantity/100 1
Nirogén™ - H500-1000 g wrea

Magnesium  1-6-sprays, 10 days apart,
commence soon alter leal
emergence

1.5 kg Epsom salts

Mangsnese  [Mild deficiencyl 2=6 100 g MnS0,
sprays, 2 weeks apart until
symploms dissppear
1Severe daflcieniy) 14 200 g MnS0s +
sprays, 2 weeks-apart until 300 g hydrated
“symptoms disappear \irme

lron — 400 g FeS0s

Zine Single spray. apgly 2-3 400 g ZnS0. 7HL0
wesks before llowering + 30 g hydrated

lirne
Boron Apply prior to flowsring 100 g Solubor®

“ Foliar urea should not be applied during tlowering
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(W.J.W. Wiiton, C.J. Clark)

As falar nutnient concentratians can be influenced by root-
stock and varietal differences, 1115 important thal separate
samples be collected from individual cultivars and that the
leaves for each cullivar come from:scions on commoen rool-
stocks. Suggesied concentration standards, based on sur
veys in Australian pip frult orchards, are listed in Table 40

SOIL TESTING

Pip truil should be grown within a pH range of 5.8-6.8 and
it g important that iming occurs on a regular basis (o en-
sure this. While apples and nashi will graw satisfactonly at
values lower than 5.8, a topsoil (040 em) pH of around
6.5 is desirable for contral bi Ca disorders which affect fruit
Thesa include hitter pit in apples, and Ishinashi and Yuzu
hada in nashi; hard flesh disorders that affgct the surface
appearance and texture of frunt, especially the cultivars Nijis-
seikl and Shinseiki

Acceplable MAF soll test levals for Ca and P are =10 and
=30, respectively. To mamntain a balance between the
major cations It is suggested that soil test values for Ca, K
and Mg te |n the ratic of 1.6-2:1,2

Table 40: Standard concentrations for foliar analysis of pip fruit”,

PIP FRUIT

Apples | Mafus domestica ) and European pears | Pyrus com-
mums) are grown throughout NZ under a wide range of
climatic conditions and soil types. Recenlly, another pip fruit,
lhe Asian ot Japanese peat | Pyrus pynifolial has been i
troduced and s being tried over a simitar range of conditions.

Large differences in soil fertility aceur in the soils o which
pip frut are planted and this has a considerable inllusnca
in then response to, and requiremnent for apphed tartiksars,
Many Hawkes Bay orchards for example dre on deep fer-
fife alluvial soils which are well supplied with mutrients  These
soils are able lo maintain continual heavy cropping with itfle
or no apphed ferylisars. Orchards on low tertility clay soils
m other areas though are very responsive Lo fertiliser and
lime and often require heavy applications for high pro
duction, or-al least until fertility levels have been built up.

Inrecenl years \here has been a considerable expansion ol
pip fruit onto soils which have not been widely used 1n the
past Consequently, careful monitoring of the nutrient status
of soil and plants will be necessary while satisfaclory fer-
tiliser programmes are being developed for these soils. For
example, new orchards an light sandy soils In Hawkes Bay
mav require heavy feniliser applications for satisfactory orch-
ard perfarmance compared with the traditional orchard solls
used in this-area

The growth and fruiling habits of apples, European pears
and Asian pears (nashil are similar in many respectls so for
practical purposes 1 s reasonable 10 assume that thew
nutnent requiremeants will not differ markadly. Where there
are specific differences these will be indicated in the fol
lowing sections,

PLANT ANALYSIS

Leal samples for chemical analysis should be collected trom
the currenl season’s extension growlh during January-
February, Approximately 40-80 youngest mature leaves
should be sampled at random from 1he non-fruiting laterals
on trees throughout the orchard

Eleirent Crop Defient  Normal Excoss
Macronutrients %)
Nitrogen Apple 1.6 >-3/0
Fear < 1.8 2R
Phosphoius  Pip it < 0,08 030
Potasswm Apple < 0.7 2.0
Pear : >0
Caloim Apple < 07 - 25
Prar < OB 3/
Maagnesium  Apple .15 ). 45
Peat =33 .80
Sutphiur Anple
Pear 0
Sodiurmn Pip truit 0.50
Chlorige Apple 0.3 = .0
Pear 0.1 >0.5

Micronutrients (ppm)

h"langeu“csu Apple 25 50-160 e
Peat < 28 80-120 ~ 200

ron Apple < B0 100-250 > 500
Pear - 50-200

ane Pip frut <10 20-50 > 50

Cooper Apple < 3 — 100
Peat G - 50

Boron Apple < 15 > 80
Pear <10

" Dag tridm Leece [1878)

Where laboratories supply cation exchange capacily meas-
urernents (CEC) it is recommended thal Ca, K and Mg should
respectively constitute approximately 70-80%, 3-4% and
10-15% of the exchange complex. Due to the nature of the
CEC measurement and the rmineralagy ol the clay fraction
in NZ soils there are maijor difficullies associated with achiey:
ing so called oplimum ratios based on this measuremen|

It should be realised that in most NZ soils CEC is pH depen
dent. In many laboratories CEC is routinely measured al pH
7 with the. resdlt that the reported values are a consdor

able overestimation of the CEC at field pH. As @ cons

quence of this the percent saturation of each of the clerment:
{Ca. Mg, K) will be artificially low, implying that additanal




tertiliser is required if stnct adherence to the oplimum ratias
is being followed. Fertiliser recomimendatons based on such
measurements may in fact be unnecessary

Soil cation ratios for pip fruit, or other crops, have not been
calibrated against growth or yield for any soilfcrop system
in NZ. It is clear that many crops®olerate quite wide vara-
tions in these ratios hence an alternative approach is 1o ap-
ply the fertibser required for adequate growth and crop
removal and monitor the nutritional status with leat analysis

 Soil sampling is best carried out in autumn or early winter
In orchards where fertiliser s broadeast, sarnples {0-20 cm)
should ba taken at random under the drip zone. In cases
where fartiliser has been banded, the samples should only
be taken in areas under the dnp zone which have previously
received fertiliser. Oceasional samples a1 depths of 20-40
| and 40-60 cm are usetul to check pH.

FERTILISER REQUIREMENTS

Nitrogen use in pip fruit orchards should be based on the
inherent fertility status of the soil. On deep fertile alibvial
soils N need not be applied uniess low follar N concentra-
tions, poor fruil sef-biennial bearing problems or pale fruit
problems in green varieties occur On soils of average fer-
tility annual rates as high as 300 kg N/ha have been advo:
cated although 80-120 kg N/ha should be sulficient in most
circumstances. On solls of low fertility application rates
should be based on 25 kg N/hal 10 tonne of anticipated crop
reducing to 10-15 kg N/ha/10 tanne of crop once plateau
yvields have been reached.

Rates for P and K, (Table 411 are based on Ihe soil ferfility
status. Use of potash needs to be approached with caution.
Excessive applications of K tend to depress Ca and Mg up-
take and increase the incidence of Ca related disorders in
fruit and Mg deficiency

In developing a K fertiliser programme 11 Is necessary 1o take
into account soil resarves as well as the expected crop load.
Soils that fix K or thosé with nil or very low reserves will
require higher rates than soils which contain clay minerals
able to easily replerish K removed through crop uptake, Soils
that fix K usually have very low soil test K levels even
although apparently adequale amounts of K aré baing ap-
plied. Application rates of 400-800 kg K/hawill be required
on these soils to prevent K deficiency. As an example of
the use of Table 41 assume that a soil with high K resarves
returns MAF soil test levals of K; 7 and Ca; 24. Compared
with Ca, the K value is less than half the Ca value (0.5 x
24 = 12). If a 30 tonne/ha crop was anticipated, the an-
nual K reduirements can be estmated as being 36-45 kg
Kiha (3 x 12-15 kg K/hal10 tonne of crop). No such cal-
culation is required to establish the P requirements. Rather,
the application rate is determined directly frem the table de-
pending on the P status of the soil as determined by MAF
soil test.

I orchards with wide herbicide strips (> 2 m} fertiliser and
lime applications should be directed towards the herbicide
strip in preference to the grass alleyway which has fewer
feeder roots. Where orchards have narrow herbicide strips,
or where these are absent, fertilisers can be banded between
the drip zone and the trunk. Alternatively, all fertilisers can
be broadcast.

Older orchards have traditionally been clean cultivated and
during this period have lost considerable amounts of 1op-

Table 41: Suggested maintenance fertiliser rates for established
pip fruit and nutrignt removal in a 10 tonne/ha crop:

Element MAF Application Rata  Crop
Soil Test Lavel Hemoval
kalha
Nitrogen - (kg Niha) g-11
50-100
Phos-
phors kg Pinal 07-14
> 70 -
30-70 50
10-30 100
<10 250
Patassium Soils with low (kg Khai10 1016
K rasarves” fonne crapl
al K<D5 x Ca 20-30
BIK>06 = Ca 7-20
¢l K imermediate 15-20
between al and bl
Soils with high
¥ roserves”®
al K< 05 » Ca 12-15
B k=086~ Ca
el K intermediats 7-10
petween 5) and bl
Calcipm - - 0.3-0.7
*  Recent s0is and those from greywacks and schist have high
K reserves; peats and strongly weathered snd lggehad soils
with granitic or valcanic parent matenals have fow K
rESSIVES

soil and applied ndtrients through erosion. More recently,
grassing down with a herbicide strip along the tree row has
become the predominant soil management system. Halt-
ing these losses, and the pontnbution o) substantial amaounts
oi N lrom clover in grassed down swards has altered the
fertility status in such orchards. This needs 10 be recognised
and fertiliser inputs adjusted accordingly to match the grad-
ual increase in fertility.

NUTRIENT DISORDERS

There are no pecullarties that sel the visual symptoms it
nutnent disorders in pip fruit apart from thase of other crops
(see Introductory Section for symptoms of nutnent deticien-
cies), The most carnmon disorders aftecting pip fruit produc-
tion in NZ are the deficiencies of N, Mg, Ca, Mn, Znand B

Good N status over the blossom/fruit set period is essential
and shortages at this stage of development car lead to poor
fruit set and accentuate biennial bearing. With some vane-
ties, the threshold for fruit set may be higher than that re-
auired for vegetative growth. Pears and certan green apple
varieties such as Granny Smith appear to have higher N re-
quitements than fed or partially coloured vaneties, With
these latter varieties, high N levels tend to reduce fruit colour
s0 N fertiliser needs to be used with caution and anly suffi-
éient applied to maintan regular truil set.,

Magnesium deficiency (Ma< 0.12%! has been particularly
prominent in young nashi orchards outside of the Hawkes
Bay-Poverty Bay region. With this disorder palches of
necrotic tissue gradually develap in the interveinal tissue of
older leaves from mid summer onwards. Soil applications
of Kieserite at 500 kg/ha, or Epsorm salts (MgS0,) or Caus-
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STONE FRUIT

In NZ the full range of stone fruits (Prunus spp.) may be
grown. Apricots (£ armentaca), sweel cherries (£ avium)
and Eurapean plums (£ domestica) have tairly high winter
chilling requirernents and prefer dry climates s0 are con-
fined 1o the drier eastern and southern districts frorm Hawkes
Bay{o Central Qtago. Peaches [ P. persica), Japanese plums
\P. sahcina), and to a lesser extent neclarines (F. AL
persical, are more adaptable and are grown throughout the
country

The soil types used for stone fruits range trom the deep fer

tile alluvial soils of Hawkes Bay, which require litile fertiliser,
to very light sandy shallow soils-of low fertility which can
bse highly responsive to fertiliser. Because stone fruits are
very intolerant of poor drainage they are rarely planted on
soils prone Lo waterlogging such as heavy clays

As with pip fruits there has been recent expansion of the
stone fruit industry onto soll types which have not been
widely used for orchards inthe past. With little history and
pxperience ol stone fruit nutrition on these soils, 1t will be
necessary to carefully monitor the nutrient status of these
crops until satisfactory fertiliser programmes can be de
veloped.

The nutrient requirements ol the major stone fruil crops are
nol sufficiently different to warrent separate discussion of
each. Where there are specilic requirements or susceplt-
bilities 1o nutrient disorders, these will be outhned in the fal-
lowing seclions

PLANT ANALYSIS

The standard sampling procedure consists of collecting ap-
proximately b0 of the youngest malure leaves lincluding
petioles) from the current season’s extension growth duit-
ing the January-February period Separate leal samples
should be collected for individual cultivars where mora than
one type is being grown within the orchard, Suggested con:
centration standards, based an Australian surveys, are listed
in Tahle 42

Table 43: Standard concentrations for foliar analysis of stone

fruit®.
Elerrie.m Crop1 Deficient Ophmur Exgess
Macronutrients { %]
Nitrogen Apricor, plum < 17 2.4 =30 > 4.0
Cherry < 17 222§ > 3.4
Peach = 24 30 =38 > 4.0
Phosphorus  Stone Iruil < 0.09 0 14-025 > 040
Potassium Apncot <10 20-3%5 > 4.0
Cherty, clim: < 10 1.8 =30 > 40
Paach <10 Zz0 =30 > 40
Calelum Apncat <10 2.0 40 > 4.5
Cherry <08 14 -24 >35
Peach <10 1.8 -27 S, 2
Pl <10 1.8 =30 > 4.0
Magnesiom  Sione fruil = 0,20 930080 > 1,10
Sulphius Stome fruit - 0200 40
Sadium Stone frut .02 > 0.5(
Chitonde Stone fran Q.3 > 1.0
Micronutrients (ppm)
Mangariese - Stone 1ri < 20 40-164
Iron Sione fruil <80 100-250 = B0
ZinG Siong frul < 156 20-80 > 70
Coppar Aprcol, cherry
peach = h-18 30
Plum < 4 616 30
Boron Apricol, cherry
peach < 15 20-860 >80
Plum < 20 2560 >80
* Dato from Leece (1876)
T Peach values can be Used for neclarings J

SOIL TESTING

In high producing stone fruit orehards the soil pH should
be maintained around 5.0-6_7 in the top 40 crm of soil Al
low: subsoil pH, roat growth and tree health are adversely
attected by Al and Mn loxicity, hence preplant soil testing
and deep placement of lime are recommended Lo adust pH
prior to orchard establishment

Target soil test levels and soil sampling methods for stone
fruit are similar 1o those given int the corresponding section
for pip frun

FERTILISER REQUIREMENTS

The quantity of ‘N fertiliser reguired is dependent on the
depth and fertllity characteristics of Lhe orchard soil, and
its management in regard to cultivation and weed control
The N rate reporied for oplimum orchard performance
where solls have been found responsive to N fertiliser ranae
from 100-150 kg N/ha although responses have been oh-
tained with annual rates as high as 250 kg N/ha. The tarmer
amounts are probably suitable for our conditions, provid-
ing growth, cropping and fruit guality remain satistactory

Where vigour is excessive, and fruit colour poor the amount
of fertiliser should be reduced, ar on very deep lertile solls
even ehiminated On the other hand where tree growth Is
poor, foliage pale, and soils known to be of low fertility, in-
creases in rate beyond 150 kg N/ha could be considered
providing other causes of poor lree performance have al
ready been eliminated
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Young treas require much less N than mature, cropping
trees. As their root system Is initially close to the tree trunk
il isimportant thal fertilisers are spread within reach 6l thieir
roots. Care must be taken, however, not to place any guan:
tity of copcentrated fertilisar around the base of the trunk
in arder 1o avord risk of fertiliser burn, A good guide is to
apply fertilisers evenly 10 the area covered by the drip zone.
Suitable rates for young tress planted at 5 % 2 mespasings
ina high density stene fruit orchard on soils of average snd
low N status are listed in Table 43,

Table 43: Suggested application rates (g N/tree) for N in young,
high density (6 * 2 m spacings) stone fruit orchards
on soils of average and low N fertility.

Application Rale
Age Average Ferliny Ly Fernlity
lyeart Soils Sanis
1 25 375
2 50 5
3 75 1126
i 100 150

Normal pracuee in NZ has been to apply 1/2-213 of the N
in garly spring beforz growth commences and the remaimder
late spring-early summer around Novernber-Decembir

Where water sprinkling 1s used for frost protection, particu:
larly on very hight solls, spring N applications are best delayed
until- atier the main frost ighting period has passed in Grdar
to minimise lnsses by leaching. On very light soils with low
ratural N supply several smaller dressings may be prefer
abla to & single dressing, particularly if to1al N rates lor the
season are in excess of 150 kg N/ba Neutral torms of N
such as ealcium ammomum nitrate shiould be uged in prete)-
ance (g strongly acidic forms such as diammaonium phos-
phate, ammonium sulphate or drea  This s parlicularly
important where tha application is being banded rather tharn
broadcast as Jocalised areas of very low pH are difficult 1o
correct by liming, Acidic forms are preferrad however where
soil pH is high as these assist in the correction of pH-inducad
Irace metal deficiencies by lowering $oil pH 16 more reason-
atile levels

Annual fertiliser requiremnants for N, P and K are listed in
Table 44. As with pip fruit; the potash requirement is de-
penderil on the K status and reserves in soil, When the
reserve K status of the soil has been identified the amount
of K necessary can be determined from (he soll test values
of K and Ca and the size of crop anticipated. For example,
on a soil with law K reserves returning MAF soil test leveals
of K, 17 and Ca; 30, K Is intermediate betwean 0.5 % 30
116} and 0.6 = 30 (18} If a 40 tonnelha crop was antici-
pated annual K requiraments are 80 kg K/ha {4 = 20 kg
Kihal/10 tonne of crop).

Stone fruit trees have low P requirements and. positive
responses to P fertiliser are rare. There are numerous ex-
amples however of stone fruit archard performance being
adversely affected by excess applications of P fertiliser. Con-
sequently, the soil P status and levels ot apphcation con-
sidered suitable for satisfactory yields of stone fruit (Table
44) are lower than those considered normal for other orch-
ard crops. '

Methaods of application, either broadcasting or banding. are
the same as those described for pip fruit. Fertigation, using
ammaoniurn nitrate as the N socurce hias been shown ta lead
to poor peach lre¢ performance after several vears use. This

15 thought 1o be due 1o adverse effects of low soil pH with-
in the root zone from the acidifying action of the ammon-
iwm nitrate, Presumably, use of other acid types of fertilisar
such as urea in trickle irmgation would have similar adverse
elfects ®or this reason fertigation of stone lruits must be
approached with exireme caution and will require progerly
balanced nutrien! solutions 1o avoid adverse effects such
as rool damage from low pH

NUTRIENT DISORDERS

Where they are present, stone fruit tend to display classi-
cal visual symptoms of macro and micronutriam disorders
{see Introductory Section for symptoms of nuirent deticien-
cies) Trace glement defigigncias, with the excention of B,
are generally more cammon in NZ grown stone fruit than
pip fruit. Their occurrence is usually associated with over.
limiing, or with sails which have naturally high pH, These
latter conditions are most likely to occur in Ceniral Orago,
Hawkes Bay and Poverly Bay, bul can be seen accasion-
ally imother districts, particulatly on sites of old Maor shall
middens or lime dumps

pH-induced Mn deficiency (Mn< 20 ppm) is the most com-
mon of the trace element disorders. This can be controlled
on a seasonal basis by toliar sprays apphed early during the
growing season (600 g MnSOs plus 800 g hydrated
lime/100 1) Permanent correclion of the disorder may be
attempied by soil application ol aciditying compounds such

Table 44: Suggested annual maintenance fertiliser requirements
for stone fruit and nutrient removal in a 10 tonne/ha
crop of peaches1

Element Soil Facior Application Crop
Rate Removal
kgina
Nitragen Soil Fernbity Ikg N/bai 23
ngh -
Average B0-100
Low T00-150
Priosphoros  MAE Soil ikg Plihat 2
Tast Level
= 201 -
10-30 20-30
<10 100
Poiassum Sail K Reserves (kg Kima/1Q 18
and K and Ca Tonne.
Soil Test Levsl cropl
Reserves low "
alk=< 05 5 Ca 3040
bl X > 08 = Ca 10
ci R inermedizie 20
Reserves hign*
k< 05 = Ca 20
bi K08 = Ca -
cl K inermediaie 10
a) and bl

1 Mature peach and nectarne archards should yield sround
20-30 wonnetha an average; howsver modern high density
orohards should be able 1o atlain regular yields In'sucess of
40 tonnelha for higher virlding mid 10 late season vanenes.
Apricot yields are atound halt, chigrrias & quartar and plums
abeut twe thirds the vield of peaches.

* K resgrves i differant soil types are given in Table 41
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B E R R Y

(G.l.Langford, D.T. Jordan, P.E. Smale)

BLACKCURRANTS

There has been considerable work on blackcurranis | Aibes
nigram ) by British and East European scientists. Few NZ
results are avadable although tnals hiave recently been est-
abhshed at Templeton.

PLANT ANALYSIS

Samples tar leat analysis should be collected 2-3 weeks be-
fore fruit matunty. The yolingest mature leaves pn new sea-
son's growth should be selected and (he leaf, plus Ihe
petiole, taken for chemical analvsis. Each sample should
censist.of about B0 leaves taken at random fram 10 0 more
bushes. Imerpretive standards for nutnent concentratlons
are listed in Table 45

Table 45: Standard concentrations for foliar analysis of black:

currants.
Elemani Defizient Dptimurm Exgess
Macronutrients (%)
Nitrogen <26 28 -3.0 >30
Phosohotus <-3:35 0.26-0.30 > 030
Potassium <\0 1.5 =240 >20
Caleum <14Q 20 -
Magnesium =0 G 1506 =08
Micronutrients {ppm)
Manganese 30-100
Iron B0-100
Zing 20-40
Copper 5-10
Boron 20-40

FERTILISER REQUIREMENTS

It is clear from the results of overseas Irials, and from
manitoring bipeks within NZ, that the fertliser requirements
of blackcurrants are not well understood  Annual NPK
recommendations for example vary between 40-140 kg
Ntha, 0-120 kg K/ha and 0-50 kg Ptha. The following
recommendations are guidelines only and have bean based
on crop removal factors (Table 46) with allowances for
leaching, pruning removal and new growth

Table 46: Nutrient removal in a 10 tonnatha crop of black-

currants.
Efement Crop Removal
kofha
Nitrogen 20
Phosphaorus 5
Potassium a4
Calcium- 8
Magnesum 2
Sulphus 4

To minimise leaching losses and to concide with periods
ol maximum crop demand it is suggested that the N require-
ment (5 kg Nitonne of trit anlicipatedihal is split; half be-
ing applied immediately prior to growth commencement in
spring, with a second apphcation before fruit swelling in-early
Dscember.

Soil tests (taken in May| are suggested as the basis foi de-
termining K and P reguirements. Potash should be applied
at rates of b kg K/tonne of fruit anticipatediha and 2 kg
Kitonne/ha whera MAF soil lest levels are between 5-10,
and 11-20, respectively. Additenal K will be required for
test levels below 5, Phosphorus at a rate of 1 kg Pltonne/ha
15 recommanded for soil test lavels of betwean 5-15. Soil
reserves are sufficient 1o meel crop requirermenis wheare test
levels for K and- P respeotively exceed 20 and 15.

While there is insufficient information to suggest that more
than one application |s necessary, potash could be applied
with N in spring and early December as a split drassing, As
with other seft bermies, blackeurrants are senaitive 1o excess
chlonde, hence sources of K other than muriate of potash
(KClI need to be used for quantities i excess of 100 kg Kiha.

The Ca and Mg requirements of blackcurrants are smail,
consequently, regular dressings of these elements are nol
normally applied. When foliar analysis.or soil 1ests indicata
the need, 15-20 kg Ma/ha should suffice. Blackcurrants per-
farm better al pH levels above 5.8, Use of lime or delomile
avery 2-3 years 10 maintaim pH will ensure that the Ca and/or
Mg requirerments of this crop are adequately met,

NUTRIENT DISORDERS

While responses in growth and subsequent yield ta various
fertiliser treatments have been recorded, faliar symploms
attribuable ta nutnent deficiencies have rarély been oh-
served n NZ. Nitrogen deficiency (N<2.6%) where the
leaves develop bright orange, red or purplish red colourings,
or potassium deficiency (K <1 0%), where leaves that first
show reddish-purple tints gradualiy develop a necrotic mar-
ginal scorch, are likely to be the most common disorders

encountared.

FURTHER READING

Langford, G.I. (1982}, Blackeurrants Management tech:
niques. New Zealand Ministry of Agriculture and Fish-
eries Aglink, HPP 257

Langford, G and Mavromatis, G, (1981). 4 Review of the
New Zealand Blackcurrant Industry, New Zealand
Ministry of Agriculture and Fisheries, Christchureh, pp.
b1.

Liones, B (1966). Bush fruits nutrition. Ini Temperate ta
Tropical Fruit Nutrition. (Childers, N F _Ed), Horticul-
tural Publications, Rulgers — The State Universily,
USA, pp. 130-157
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BLUEBERRIES

Bluebernies are distinguished fraom other crops in that they
thrive on acid peats or sandy mineral soils where the pH
is between 4-5, There are several reasons for Lhis require-
mernil. The efficiency with which blueberries take up Fa s
low. Consequently, acid conditions are required 1o increase
the guantity of Fe available in soil solution In addition, acd
conditions also ensure that N is able to exist in the form
of ammonium (NHs') which is more readily ulilised by
blueberries than other N sources, such as nitrate (NOz—|

This review concentrates on tighbush Vaccinwm coryrn-
bosum species which are currently the most widely grown
commercially.

PLANT ANALYSIS

Samples for leal analysis should be collected in the three
week period immediately prior to harvest, and subsequently,
during the first week of harvest. The youngest malure leaves
on fruiting shoots shiould be selected, withy gach sarmple con-
sisting of about 50 leaves taken at random from 10 or maore
bushes. Large plantings should be divided into about 2 ha
units with one or two samples being taken from each area
Interpretive standards for nutrient concentrations are listed
in Table 47

SOIL TESTING

The most important information to be cbtained from soil test-
ing is pH which should lie between 4-5, Suggested MAF
soil test levels for the macronutrients.are P, 15-25; K, 6-10;
Mg, 10-12; and Ca < 8.

FERTILISER REQUIREMENTS

Maintenance fertiliser applications are listed in Table 48
These rates should be adjusted to meet local requirements,
eg, soils with volcanic ash components may reduire highar
P rates to compensate for P fixation.

The need for N applications should be based on the con-
centration of N in the leaves and the type of soil. Peal soils

Table 47: Standard concentrations for foliar analysis of blue-

berries*.
Element Deficien Cptmum Excess
Macronutrients (%)
Nitrogen < 1,70 180-2.10 > 2
Phosphorus < 010 0 12-0.50 >0
Potasium < (.30 0.35-0.65 = 0%
Calciurm < (313 0.40-0 3 > 1
Magnesium < 008 0.12-0.25 3 A4S
Sulptiur < 010 0 13-0.25
Cnlondea .50
Micronutrients (ppm)
Manganese < 23 50-350 > 450
Iran < B0 80-200 > &00
Zinc < '8 8-30 > 20
Coppar < 5 5220 > 100
Boron < 20 30-70 > 200
* After Dougnty, Adems. and Martin (1981)

require a single N application in spring only (September 15
- October 18], These rates (30-40 kg N/ha) should also be
applied to rmneral soils. However, to ensure that N s avail-
able throughout growth on mineral sails where N |s more
likely to be leached, a turther 20 kg N/ha, either as a single
oi split apphcation, should be applied in summer (early Dec-
ember}). Ammonium sulphate, diammaonium phosphate or
urea should be used lor N applications rather than fertilisers
which supply N in the form of nitrate

Faliar N applications are not recommended averssas

Of the other nutrients, potassium sulphate s preferred o
muriate of patash (KCI) to prevent possible plant injury from
chiaride

NUTRIENT DISORDERS

The most common nutnient disorders affecting production
are those assogiated with N and Fe, Nitrogen deficiency (N
< 1,7%) is associated with reduced vigour and cessalion
of growth before the end of the season, Unlike other crops,
the colouration of the entire leal gradually changes lo red
as the deficiency advances. Young shools (whips) ansing

Table 48: Suggested annual fertiliser application for established
blueberries on peat and mineral soils and estimated
nutrient loss in @ 10 tonne/ha crop.

Applicavan Rate

Elemem Peat Soils Mitrera! Soils Crop Bemoval

ka/ha kg/ha kg/ha
Nitrogen 30-40 50-60 1.2
Phosphorus 10 10-20 -Jls
Potassum 20-30 20-30 8.1
Calcium 10-20 1.5
Magnesium 10-20 10-20
Sulphur <50 - =
Manganese 10~-20
Iron -~ - ol |

from the base of N deficient plants have a distinct pink
colour. These turn pale green however when growth ceases.
In severe instances of deficiency, defoliation of the older
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leaves may occur, while those that remain may have necro
tic-spots on par of, or over the entire leaf surface. Death
of the growing tip also eccurs, Flower number, fruit set, fruil
size, and yield are all reduced by N deficiency

Iron deficiency (Fe< 80 ppm) is likely to be induced by high
pH which makes Fe less available. Young leaves at the shool
tip exhibit an interveinal chlorosis with a fine lace like net-
work of green veins The internodes are not shortened, nol
15 the leat size or shape markedly affected as is the case
with Zn deficiency which also affects these leaves The
symptoms of Fe deficiency may be confused with those of
Mn deliciency; howevar, the two can be differentiated in
that leaves with Mn deficiency tend to have a broader bang
of green lissue elther side of the major veins. Small basal
leaves and yellow shoots are symptomatic of severe Fe dati-
ciencies

Other nutrient deficiencies are less likely to oceur, although
mstances of B(B 20 ppm) and Zn deficiency (Zn 8 ppm)
have been observed in NZ. Shoot tip leaves of B deficient
plants are usually small, bluish-green in colour and distorted
inappearance. Chiarotic spotting of young leaves is likely
and auxilary buds turn brown. Shoot die baek |s guite
prominent

Correction of Fe deficiency can be achieved either by reduc-
ing the pH of the soil with acidifving compounds such as
elemental S, ammonium sulphate, and aluminium sulphate,
or by addition of iron-contaming compounds if the wtal Fe
confentin soil is inadequate in the comect pH range. Rates
of 38 and 126 kg S/ha are required for 0.1 pH unit decresases
on sandy and- loamy soils respectively, where the pH ex-
ceeds 4.5, Aluminium sulphate, which reacts more rapidly
than S, is required at six times the respeclive rales recorm-
mended for S.

Where the pH (s less than 4, agricultural lime or dolomite
can be used fo bring the pH into the correct range. It itis
necessary to provide Ca without appreciably altering the pH,
up te 1.25 tonne/ha of agricultural lime or dolomite can be
used on peat soils. For soils with pH above 5 however, gyp-
sum of Ca-containing fertilisers such as superphosphate
should be used. Autumn application of these matenals is
best to allow activation before the following season,

Methods and rates suitable for correcting specific nutrient
deficiencies in blusberries are outlined in Table 49, To avoid
possible toxicity problems anising from foliar application of
trace metals care should be taken whan recommending this
method of correction

FURTHER READING

Ballinger, W _E. (1966). Soil management, nutrition and fer-
tillser practices. In: Blueberry Culture. (Eck, P and
Childers, N.F., Eds), Rutgers University Press, USA, pp
132-178

Cain, J.C. and Eck, P {1966). Biugberry and cranberry. In;
Temperate to Tropical Fruit Nutrition, (Childers, N.F.,
Ed); Horticultural Publications, Rutgers — The State
University, USA, pp. 101-1289

Doughty, C.C., Adams, E.B and Martin, L.W. (1981), High-
bush Blueberry Praduction in Washington and Oregon,
Washington State University, USA. pp. 25

Table 49: Rate. form and method of application of nutrients
for correcting specific deficiency disorders in blue-

berries.
| Blamern Soil Application Rate | Foliar Agplication Rate
kgiha
Phosphorus 50
Potasswum a0 -
Magnesium + 5C-60 2 kg MgSCL 1001
iron 2-8 70 g FeSOJ/100
Manganese* 16 600 g MnS0, + 800 g
hydrateéd lime! 100 )
Boron G.a-1 Z2-5 kg Solubor® /ha
n 40-100 |
Zinc 2=6 128-43 kg Zn chelate
| hain 300-10001
+ Useof kigserite should be avoided for foliar spplications
A Post-harvest lohar apphications of Mn are recommended |
10 avoid deposition of black spray producis-on frut |

BOYSENBERRIES, YOUNGBERRIES AND
BLACKBERRIES

Although the bramble group ( Rubus hybrids) constitutes a
significant proportion of the national berrviruil area, surpns-
ingly little s known aboul their nutritional requirements. Vir-
lually no controlied work has been carried oulin NZ on either
application, respanses, or leaf tissue analysis for brambles
and the overseas literature in this area is frequently incon-
sistent

PLANT ANALYSIS

Samples for leaf analysis should be collected from primo-
canes during January and February, Each sample should
contain appraximately 50 youngesl mature leaves linclud-
ing petiole} selected al random from 10 or more canes.
There is little published information on ehemical analysis of
leaf tissue for these crops. The data presented for poysern-
berries (Table 50) is based on a compilation of results
recorded at Ruakura over a number of vears, hence |s only
an indication of the sorts of concentrations anticipated
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Table 50: Typical concentrations for foliar analysis of boysen-
berries.

@zmen: Range l
Macronutrients (%) all
Mitrogen 28 37
Phosphorus 0.17-0.34
Potassium 1 38-1 8&
Calcium 0.65-1 37
Magnesiumi 0.22-0.48
Sulphur 0,18-0.32
Micronutrients (ppmi)

Manganese 134304
Zine 28-B0
Copper 8-29
Boren 38-57

Values for youngberries are not considered to differ markedly
from those of boysenberries

FERTILISER REQUIREMENTS

To date fertiliser applications in NZ have been made to en-
sure adequacy, rather than based on crop data or plant
needs. No nutrient removal figures are available for this
aroup, and fertiliser recommendalions from various sources
are widely divergent, NPK rates for exampla range between
28-160 kg N/ha, 35-112 kg Plha and 28-160 kg K/ha.
Despite the variation, these rates are still considerably less
than those many NZ growers are presently applying Boy-
senberries in Califormia and Oregon have shown fittle yield
response 1o the level or iming of tertiiser applications. This
suggesis NZ growers could, with careful monitoring, reduce
the rates being used here

Table 51: Suggested annual fertiliser application tor established
bramble crops.

Element MAF Sail Test Application Rate
ka/hs
Nitrogen 75-100
Potassium 13-20 0
7=12 70
0-6 180
Phosphorus 26-45 G
16-25 20
3-15 80
Magnesium 21-35 o]
11-20 30
0-10 60

Applications of N throughout the growing season are ad-
vanlageous, bul there appears to be no disadvantages in
applying P and K in single applications in either auturnn of
spring, As the planls continue growing well into the autumn,
post-harvest applications of water and nutrients should con
tinue into this period

Proprietory mixes suitable for berryfruit are avalable in most
regions. Experience with chloride based fertilisers in the Nel
son region has shown no deleterious effects on boysenber-
ries, but this should be watched particularly in areas wilhout
irigation or very low summer rainfall, Blackberries, which
are amangst the least tolerant of the berry crops to excess
chloride, should receive sulphate basad patash fertiliser unul
CXPEMENce suggests otherwise.

FURTHER READING

Anon (11975). Canefruit Reference Book. Publication 156,
Agricultural Developmeant and Advisory Services, Minis
try of Agriculture, Fisheries and Food, UK, pp 40

Langford, G.I. (1985}, Berryfruil. Vaneties and culture for
commercial production. New Zealand Ministry of

Agricuiture and Fisheries Aglink, HPP 86

Far this group of crops applicatons ot N should be based
on plant vigour, soil type and rainfall, with P, K, and Mg
application based on 501l test levals (Table 51). A pH range
of 5.8 - 6.5 |s considered satistactory. Where Ca, or pH
levels are below those suggested, lime should be applied
in autumn or early winter. If this is coupled with low Mg
levels, lime and magnesiurn oxide (which is less expensiva),
or dolomite should be used.

On young plants banding of fertiliser on both sides of the
row is accepted practice, however, by the third vear this
1s usually broadecast.

GOOSEBERRIES

The large fruiled varieties of gooseberry now being culti-
vated are derived from the English or European goaseberry
Very little is written about the nutrition of gooseberries
[Ribes uva-cnspal and recommendations are often made
based on those for blackcurrants

PLANT ANALYSIS

Limited data is available for this crop. Leaf analyses should
be standardised as the voungest mature leaves from cur-
rent season'’s growth. Petioles should be included, and sam-
ples callected during the January/February period




FERTILISER REQUIREMENTS

In line with recommendations for blackcurrants-the follow
ing rates of fertiliser are suggested as being suitable for NZ
conditions, the actual quantities to be applied being deter
mined from the crop load anlicipated and the nutrient status
of the soil as measured by MAF soil test (Table 521,

Table 52: Annual fertiliser applications for gooseberries.

Element MAF Soit Test Appiication Rate*®
kg'ha

Nitrogsn 50
Phosphorus S |

5-15 10
Potassium 20

11-20

510 50

* The values assume & crop load 6f 10 tonne/he. To detarn

the guanitity of farti

uirend for othear crop loads. these

SChrHl 1o The gnhic

ligures should be scaled up or down ac

pated yielo

A pH range of 6.0-6.5 15 considered desirable for goose-
berries

NUTRIENT DISORDERS

Gooseberries have a high K requirement. Leaves with K defi-
ciency (K < (0.90%) become bluish green with purple tints
prior to the appearance of a marginal scorch or necrosis

Despite warnings that only sulphate torms should be used
on berryfruits, no damage has resulted in the UK where com
pound ferlilisers based on potassium chionde have been
used. Itis recommended howevér that preglant soil appli-
cauons be in the sulphate formi

FURTHER READING

Gardiner, R (1977) Bush Fruts, Bulletin 4, Ministry of
Agriculture, Fisheries and Food, HMSO, London, pp
103

Liones, B. (1966). Bush fruits nutntion. in. Temperate o
Tropgal Frunr Nutritior, (Childers, NLE., Ed), Horticul-
wiral Publications, Rulgers The State University,
USA, pp. 130157

RASPBERRIES

Raspberries | Rubus idaeus) are the most important of the
berrytrunts in the Rubus genus produced commernically over
seas. Consequently, most of the nutritional studies and fer-
tiiser expenments have been conducted with this species
Despite the amount of research done on raspbernies
however, It is still not possible to provide définitive nutri-
tional information an how the crop should be grown under
our pown conditions

PLANT ANALYSIS

Samples for leaf analysis should be collected from primo
canes during the December/January period. Approximalely

50 youngast mature leaves (plus pelioles) shoult! be selected
from 10 or more bushes to obtain a representative sample
tor plant analysis. Typical nutrient concentrations expected
tor this crop are listed in Table 53,

FERTILISER REQUIREMENTS

Rales of fertiliser suitable for established raspberries ara
presented in Table 54, The quantity of P, K and Mg required
depends on the nulrent stalus of the soil, Consequently,
reference should be made 10 a MAF soil test when deter
mining the rate to be applied. Fertiliser may be apphed in
bands 15-30 em either side of the row 1o young plants, or
broadcast once the crop is established. As for related Rubus
species, a pH range of 5.8-6.5 is consideted desirable

There is general agreement that multiple applications of ter-
tiliser through the seasen are beneficial. Jenner and Par-
minter {1981) suggest August and November applications
al approximately 2/3:1/3. Others suggest that P and K
should be applied in autumn or spring. Side dressings of

Table 53: Standard concentrations for foliar analysis of red rasp-
berries (Washington State University Data).

Element Below Optimum QOpumuns Excess
|

Macronutrients (%)
Nitrogen 2.5 2.75 > 4.0
Phosphorus 0.2 0.3 >06
Potassium 1.0 1.5 > 30
Calciurm 0.5 D.6-2.5 > 25
Magnesium .25 0.4 > 1.0
Micronutrients (ppm)
Manganess 20 80 > 300
lron 30 50 > 150
Ziric 13 4 >80
Copper ] 2 > 50
Boron 30 46 > B0
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Table 54: Annual fertiliser applications for established rasp-
berries and nutrient removal in a 10 tonne/ha crop.

Elemeant MAF Application Rate  Crop Removal®
Soil Tast kgihz kgiha
Nitrogen — 75-100 87
PHosphorus > 48 (] g
26-45 10
16-2% 20
0-1%5 BO
Polassium = 20 0 52
13-20 75
§-12 100
O-& 200
Magnesurn > 20 0 B
11-20 30
=10 60
* Based on data of Wood er &l (1962)

N in early summer are advantageous to ensure a constant

N supply theoughout growth. Multiple applications of N are.

not recommended however for autumn cropping raspber-
ries in the Waikato where a single application of 100 kg
urea/ha in September appears to be sufficient. Applications
al fertiliser later in the season encourage growth of exces-
sively tall canes which are difficult to harvest.

The rates in Table 54 are lower than those advocated by
Jenner and Parminter (1981). It appears however hal rasp-
berries can reach optimum quality and vields on quite
modes! fertiliser applications. As fertiliser oosts are becom:
ing a significant praportion of total production costs, maore
consideration should be given to relaling the amaunts of
fertiliser required to crop yield thereby avoiding over tertili-
sation. With careful manitoring of performance, a gradual
reduction in applications should be possible

Several compound high analysis fertilisers suitable for rasp-
berries are available in NZ. Those based on chloride should
be avoided. Qther manufacturars supply mixes suited to
berryfruit, oiten formulated from MAF recommendations.

NUTRIENT DISORDERS

Providing & complete fertiliser programme is followed, it 1s
unlikely that macronutrient deiiciencies will accur. Work on
the nutrition of Red Amwaerp raspberries in the Nelson region
during the early 50°s showed that increased vigour and yield
responses could be obtained follewing additon of
micronutrient fertilsers containing Cu, Zn or Mo. Plant:
showed few, if any symptoms of deficiency however, O
all the micronutrient disorders though, B deficiency s prob-
ably the most impartant.

The typical symptom of B deficiency appears as a dieback
with delayed budbreak, or complete budbreak failure (Askew
etal, 1951). Some buds give rise to distorted leaves with
unusually large petioles and a border of necrolic tissue,
Leaves forming later do not show this. Lass severely affected
buds give rise 1o leaves with small deeply indented leaflets
which persist throughout the season. Symptoms are rarely
seen on the primocanes.

Concentrations of B in affected leaves of the Red Antwerp

variety grown in the Nelson region ranged between 13-25

ppm. Responses 1o B and leaf concentrations assogiated
with deficiency symptoms in other varieties may be different

if specific deficiencies involving Mn, B or Cu have been [den-
tified, and confirmed by leaf analysis, correction with the
following treatments should be sutficient 1o alleviate the dis-
orders. For Mn deficiency 1-4 foliar applications contain-
ing 200 g MnS0, plus 300 g hydrated lime/100 | should
be applied at intervals approximately 10 days apart unul
symploms disappear, Black oxide spray deposils may oc-
cur on faliage and fruit with this treatment howewver. It it
is recessary 10 continue lhe applications when fruil s
present, spray concentrations of 100 g MnS04100 | will
avoid the problem. Soil applications ol 8-36 kg borax/ha,
or loliar applications of 5-20 kg Solubor®  dissolved in wat
and applied at a rate of 100-400 Wha, are recommended
for correction of B dehiciency In raspbernes. Copper defi:
ciency can be treated with foliar applications of copper oxy
chloride (1 ka/ 100 1) applied at a rate of 200-300 |/ha. A
weltling agent should be used if it is not already included
in the product

FURTHER READING

Askew, H.0., Chittenden, E-T. and Monk, R J. {1951), 'Die-
back’ in raspbernies, a boron deficiency allment Jouwr
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STRAWBERRIES

General fertiliser recommendations for strawberries { Fragaria
spp.) are difficult to make because (he cropping character
varies markedly between regions. Past recommendations
have been based on the belief that strawberries require large
amounts of fertilisers. Repeated cropping on an annual
replant system, which is commaonly practised in northern
North Island regions, will reguire higher annual applications
than longer plant retention systems: Ferliliser recommen-
dations stated in this review are for production under an-
nual replant cropping. For longer plant retention fruit nutnent
removal estimations should be used to guide recommen-
dations

PLANT ANALYSIS

Generally, foliar nutrient analyses are better for assessing
nutritional status than soil tests, ldeally, both should be used.

American nutnent monitonng has indicated that substan-
tial nutrient accumutation occurs during fruiting. If a nutrient
1s imiting 1t is more likely to be detected during this period.
Also, prior to this in a recently transplanted plant, most of
the nutrients come from stored reserves within the crown
and rool system. Consequently, sampling should be done
during fruiting, preferably at first harvest

Approximately 50 youngest mature leaves should be select-
ed al random throughout the area and separated from their
petioles. Large plantings are best divided into halves or
quarters and a sample taken from each area. Nutrient con-
centrations compiled from American surveys and limited
local information are listed in Table 55

SOIL TESTING

Strawberries grow well in soils with a pH range between
5.3-6.5 A pH around 6.5 is best with sandy textured soils
whereas for finer textured soils .a pH closer to 5.3 is
preferable.

Suitable MAF soil test levels for this crop are P, 30-40: K,
15-25; Mg, 30-40; and Ca, 10-20

Table 55: Standard concentrations for faliar analysis of straw-

berries.

.| Element Deficiem Optimurn Ex¢ess I
Macronutrients (%) f
Nitrogen < 2.0 26 -35 =
Phosphorus < 0.20 0:25-0.35 |
Potassium <10 10 =20 -
Calcium < 0.5 4] -15
Magnesiurn < 0.10 0.25-0.40 |
Sulphur < 0.10 0.15-0,32

| Sodium < 0,0 0,02-0.10 >0.10 |
Chioride - > 050
Micronutrients (ppm)

Manganese < 20.0 200-500 |'
Jran 100-200 -

Zine < 15 30-80 |
Copper 5-12
[ Boron <20 30-100 >250° |

FERTILISER REQUIREMENTS

Suggested maintenance fertiliser applications for anriual
replant strawberries are listed in Table 58, The rate for each
elerment needs to be assessed separately depending on the
previous soill use, whether or nol the soil is of voleanie ori-
gin or whether nutrient disorders were evident in the pre-

vious seasan. Areas out of pasture, for example, may have
adeguate N fertility and require little or no applied N during
the first season. Volcanic sails which have high allophanic
clay contants (Yellow-brown leams), on the other hand, will
require larger amounts of P than other mineral soils where
the ability to interact chemically with added phosphate is
much less.

Most fertiliser sources are suitable for application 1o straw-
berries with the exception of muriate of potash (KCl) and
compaosile high analysis fertilisers containing chloride. Be-
cause of the sensitivity of this crop to chloride, imgation

Table 56: Maintenance fertiliser programme for annual replant
strawberries and estimated nutrient removal in a 30
tonne/ha crop.

Apphcation Crop |
|Element Soil Parameters Rate Remaoval
ka/ha kaiha
| Fruit. Plan |
Nitrogen Ex pasture 0=25 0 27
Replant 50-100
Phosphorus Replant; low P retentive soil 20-30 5.5 4.0
Repiant; high P retentive
soil (volcame ashl 50-60
Low P in sod, or P
deficency M B0
|Potassium  Replant 80-100° 40 23
Low K in spil or k dehcwency #1580
IMagnesium. Replant 20-30 30 %50
| Low Mg in soil, Mg
deficiency 50-70
Calcium Ca deficiency 100 5 27
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GREENHOUSE CUT FLOWERS

The nutritional requirements of greanhouse florculture crops
depend largely on the medium in which they are arown,
and whether liquid fertilisers or solid fertilisers ar@ used. Re
guirements are also likely ta vary according to the season
or stage of growth of the plant. The fertiliser recommends
tions given in this bulletin are based on average growing
conditions and as such are likely to vary according to local
conditions. Il 1s therefora important that the ciop is moni
tored closely with soil and plant analysis

PLANT ANALYSIS

Leat samples tor-arialysis tor the various plant species should
be collected in the following way

Youngest mature leaves (hifth
and sixth leaf pair from top of
lateral — 60 leaves per sample)

Carnations

Chrysanthemums Youngesl mature leaves (20-30

leaves par sample)
Cymbicium orchids Youngest mature leaves (fifth
and sixth leaf cut at base
15-20 leaves per sample)

Roses Younges! malure leaves on
flowering stem — 20-30 leaves
per sample

Gerberas Youngest mature leaves (20-30

leaves per sample)

Standard leaf concentrations for assessing the rniutrient sta
us of the vanous plant species are listed in Tables 57 and
58

SOIL TESTING

Because of the diverse nature of the media in which the
plants are grown it is difficult to give generalised target soil
test values which would be suitable for every situation

However, the tollowing values listed in Tables 53 and 60
have been found to be suitable under commercial con-
ditions

I sail test lavels are below those suggested additional auan-
litles of nutnant will need 1o be applied. Generalised recam-
mendations concerning the sorts of increases to MAF soil
lest values that can be obtained following incorporation of
fertiliser into the top 15 crm of soil are outlined in Table 61

Table 57: Typicat concentration ranges for foliar analysis of
greenhouse grown roses and gerberas.

‘ Eemant Roses Gerberas |
l Macronutrients (9%}
| Nitrogen 20 =40 zZ1 32
Phosphotus 0.25-0.35 0 25-0.42
‘ Polassigm 20 =30 256 =43
Calciusm 10 -1.6 08 -16
| Magresiun 0.25-0.35 0.25-080 |
| Sdlphur 0.25-0,50 |
| Sodium 0.01-0.05%
| Micronutrients (ppm)
Manganese 70-120 25-230
iron 80-120 B0-230
Zine 20-40 4075
Copper 7-15 5-11
Boron a0-60 30-45

Rates of limestone required to increase the pH of soils of
differing rexiure are listed in Table 75, Where it Is neces-
sary 1o decrease pH aciditying compounds such as finely
grountd elemental S 113 kg/ 100 m?) or aluminium sulphate
(32 kg/100 m?) will reduce the pH by up 1o 1 unit, The pgH
dltimately achieved howaver is very dependent on soll type

FERTILISER REQUIREMENTS

The quantities of fertiliser required will depend on the med-
wm inwhich the plants are grown. The pracedure for min-
eral soils is 1o calculale the quantity of tertiliser needed from
the information given in Table 61 to achiave the desired tar-
get sail test values (Table 591, Once these soil values have
been achieved, fertility can be mamtained by applying liquid
fertiliser (Table 62), or dry side dressings

Liquid fertiliser programme for carnations

Liguid fertiliser applications (Table 621 should commence
as soon as the plants are established (4-8 weeks after plant-
ing of cuttings). Towards the end of winter it is aften bene-
ficial to reduce the feeding rate as N accumulated in the
soll becomes more readily available as the soil warms up
A sudden excess of N increases the tendency for calyx split
ting. Stock solutions prepared during this period shauld con-
tain 0.5 kg urea and 0.66 kg KNO3/10 |, rather than the
guantities listed (Table 62)

Boron deficiency Is sometimes encountered when the pH
and Ca content of the soil is high. In such cases 20 g of
borax (dissolved m hot water) per 10 | of stock solution
should be included. On dilution this will give a concentra-
tionof 1 ppm B, Concentrations of 0:5-2 ppm B in nutrient
solutions are considered to be satisfactory for carnations,
however, growers using B should monitor the concentra-
tion in leaves to ensure that they are not applying exces-
sive amounts and running the risk of causing B toxicily




Table 58: Standard concentrations far foliar analysis of greenhouse grown carnations, chrysanthemums and cymbidium orchids.

Carnavons Chivsanthiemums Cymbidium Qrchids:
Elament Deficient  Optimum  Excess Dsticlent  Optimum Excess Deficient  Optmum  Excess
Macronutrients 1%)
Nirogen <28 3B -42 >5H0O <30 4.5 -85 >8.2 < 10 14 <21 =26
Priosphorus < 042 0.25-04 05 < D2 04 <08 =0.2 < 01 0.15-0.24 =D32
Potassium <18 2840 =>50 < 3.0 45 -85 > 7.0 < 0.8 13-26 >33
Calcim <08 1016 =22 < 03 08 -18 > 215 <03 0415 >240
Magnesium <02 03 -04 >n5 < 0.2 0.75-0.6 > 0.8 < 008 042022 =025
Sulphu <02 0.27-0.35 045 =022 03 03 =086 < 008 0.12-027 >036
Sadium 01 <05 01 -02 = - 006 04 =05
Micronutrients (ppmi}
Manganese < 18 50-250: > 400 < 20 100~300 > 400 < 45 41-300 > 400
Iron = o B0-120 < B0 100-400 = 500 < 20 41-120 = 180
Zinc < 16 20-80 > 100 < 15 30-80 > 200 < 14 18-22 > 55
Copper e 6-10" >30 z 5 1025 = 50 < 2 4-18 > 30
Baton < 20 30-100 >Z00 < 20 30-80 > 50 < 10 21-120 > 280

Table 59: Target MAF soil test values for greenhouse cut flower crops grown in mineral solls.

N Soluble Safts (%1
Plant pH Early i P K Ca Mg- Early Mid
Season  Season Season.  Season

Carnations 6-6 & 50-100 40-80 £0-100 25-30 12-18 35460 015 0.10
Chrysanithemums 6-6.5 50-100 40-60 80-10C° 30-40  12-18  35-50 015 0.10
Roses: 6-6.5 50-100 40-60 60-70 25-35 12-18 35-60 G 15 010
Field grown nursery

stock 665 3 3 30-501 15-28  12-18  35.50 018 010

" Results expressed 35 ppm-mineral N 14 47g soilj

+ Apply 50150 kg -Niha preplanting  For slow growing ptants apbly a fopdressing of 80 qig Nihs

1 Forlaucadendron Safan Sunset.or Red Gem and Telopea, valuss greater than 60 ray be too high. Desitable vales ire 20-50;
even lower values may be preferatie for sods with low P retention.

Table 60: Desirable nutrient values for soil-less media such as peat or bark using 1:1.5 water extraction. Results expressed as ppm
in the extract.

Plant pH NOs-N pe K My’ Ca Conduchvty
ims)

‘Carmations. £.3-65 50100 20-55 150-300: 20-80 50120 20-3.0

Cymbidiurn Orchids 55-6.0 43-56 10-15 40-58 29-37 - 1.8

*  Desirable 7 values in bark should be: Camations 1030
Cymbidiums §-10

Table 61: Increases to MAF soil test values following in- g Epsom salts/10 | iron chelate should also be applied three
corporation of 1 kg of nutrient per 100 m? to a to four times a year (500 g chelated iron 8% Fel/10 )
depth ot 15 e¢mt.

Element Unit Increase

N 50-60° Liquid fertiliser programme for orchids
‘P retantion scil 15-20 )
5 “?w f‘?“’.""‘-’." Sf}' . g : Far post flowering and young plants the higher rate of N
High P reteéntion soils 10-12 A o ; S A
K 25.365 {Table 62) is required where non-nitrogen composted pine

M 10-14 bark is used. Iron should also be applied once avery two
months at 0.5-1 ppm Fe (5-10 g chelated lron/ 1000 1,

pH {see text)
T o1 kgr'roo- m¥ s g_qu.‘ualem w0 100 kg/ha Fur Howenng plants the N input {Table 621 should be halved
*  Units for N.are ppm over the summer months (1-2 months atter flowering has

finished) to enhance spike formation:. There are reports of
beneficial effects of B on flower developrment at 0,05 ppm
(4.5 g borax/1000 |) during the summer, In addition high
In addition to the standard formulation (Table 62) Mg should K (150 ppm K during the petiod of flower development may
oceasionally be added to the stack solution ata rate of 500 increase the shelf life of the blooms.

Liquid fertiliser programme for roses
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Table 62: Liquid fertiliser stock solutions for greenhouse flowers.

Stoe Dilute Saiuzen”
Solbbon N K
Plant Ferilicar kgi1Q) fdim i
Carnations Potassium mitale: 0:8 193 152
\Urea or 08
Ammgripm ngrate 10 8
Corpsaninemums  Potassium otrate +5:3 135 182

irea or 05378
Ammoniuh AiEe (05

Busas Potassium itrate 1,05 2060 200.
Ures or 05a
Amrnonwm titrate 10 731

Otchids:

Al Pust Frswening  Potessiumy nitrate. 10,52-0,78 1506-170 1062150

and Young Ammionium nrate 065
Plants Menoammongr
_phiosphiaie 0.30
Eosom saits 080
bl Fawering Polasswm niligte 0,78 75 150
Flants Mongarmmaonium
phosphate 030
Efsor sals 050
Gengral Cut Flowers
al Winter Porasswim nilrste 1.08 200 200
Ammonium mitrate G753
bt Surmmet Potassim riltite 08¢ 193 152

Ammoniom mitrate. 080

" N and K congenlrathes resuling trom 2 1200 dilstion of ihe stock
Solunan

‘Base fertiliser mix for use in peat and bark modules

The quantity of macronutriant in these modules tlong plas-
e bags ol pgat or bark laid horizontally an the glasshouse
floor) is generally low Solid fertilisers are mixed nfto (he
media before filling the modules. These fertilisers provide
the suitable acidity (pH) In the media, an inthal bulfer of
nutrients, and supply nutrients which are not easily added
by liquid lertilisers, All riacro and micronulrients should be

supplied mn a base fertiliser (Table 63}. This is essential as

peat and bark, unlike soil, contain only small amounts of
plant nutrients

Table 63: Base fertiliser mix for use in peat and bark modulest.

Fertiliser Guaritity

Macronutrients (kg/m?)

Polomite 4"

Calciwm nijrgie 047

‘Potassium nitrate 1.27

Magphos + Kmsealy frace elémenis 4

Micronutrients {g/m?}

Borax 138

Zing sulphate 168

Sodiym malybdate: 2.8

or fritted trace eiements eg, FTE3S 15000

* Use i0 kg/m? for peat modules

1 Add 100 lim®while mixing the fertiliser Ine the pest o bark
The media will e very haed 1o wet tater f water s not ad-
ded during miying,

Once the base fertility has been brought up to the desired
value (Table 60} the liquid fertiliser programime describied
-above for mineral soils can be used,

NUTRIENT DISORDERS

The symptoms of nutrient disorders of greenhouse lower
crops are similar to those of other horticultural crops (see
Introductory Section for symptoms of nutrient deficiencies)
Several disorders though hava specific symptoms which are
quite distinctive when sxpressed In particular ¢rops.

Nitrogen deficiency of carnations is known as curly tip. The
Tips of leat pairs tend 1o hook together so that subsequent
leaves do net have adequate growing room and as a resuly
become folded as they develop. This deliciency also resulls.
in the formation of narcow, stiff leaves in carpations which
Is reterred to as grassiness. In chrysanthamums, pink o
reddish-brown spols, somelimes affecting entire older
leaves, may appear in some cultivars. Flower colour is
deeper or paler than normal, the expression of the deficienoy
again being dependent on the cultivar. The weight and Aum-
bar of flowers, and stem thickness are all reduced by N de-
ficiency in roses

Potassium deficiency s localised an the older leaves which
are frequently moltled and usually have necrolie palchas
of tissue near the tip and margins. At early stages of the
deficiency a marginal chlorosis oceurs, the chiorosis suli-
sequently appearing in the interveinal tssue also. The mar-
gins evenlually becorme brown and permanently curled priot
o defoliation. This progression Is quite commaon in
chrysanthemums, for example, where the initlal marginal
chlorosis first appears as spots 1-2 mm in tliameter. Incar-
nations, necrollc spots are scattered over the entire leal sur-
face. These spots gradually enlarge, coalésce and aventually
destroy fthe leaf centre.

Potassium deficiency alfects rose production by reducing
the number of first grade flowers produced. Stems weigh
less and are shorter than normal Bent neck symploms are
observed on cut roses with this deficiency Flowers fail w
open notmally and after a few days the stem bends over
immediately below the bud. This symptom is not specitic
to K deficiency however; other factors may be responsible

Wherg excessive amounts of K have been used the colour
witensity of flowers may be reduced.

FURTHER READING

Amos, J. {1980). Flowers and Ornamemals Liguid feed-
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Burge, G.K., White, R.A.J. and Prasad, M. (1983) Soil-
less Mixtures, Peat or bark maedules for greenhouse
tomatoes and other crops New Zealand Mimistry of
Agriculire and Fisheres Aglink, HPP 2456,

Crossley, M. (1984). Cymbidium Orchids. Growing media
and nutrition requirements. New Zealand Ministry of
Agriculture and Fisheries Aglink, HPP 306.




GREENHOUSE PEPINOS

Pepino | Solanum muricatum) 1s a herbaceous perennial of
the Solonaceae family, originating in the Northern Andes
region of South America: Protected cultivation is considerad
desirable to improve yields and fruir quality as well as al-
lowing all year round production

PLANT ANALYSIS

Leaf samples should be taken trom shoots in good light and
consist of the youngest mature leal. Regular sampling of
foltage for tissue analysis will aid in programming nulnent
supply, particularly N. A sample could be taken every rmonth
from 2-3 weeks after planting

Values from a survey of growers suggest the following ten-

tative concentrations: N, 3%; P, 0.3%; K, 3-4%_ Ca, 3%:;
Mg, 0.5-1.0%.

The use of high inputs of K to hold vegetalive growth and
restrict the effect of N does not appear to be effective. A
desirable N concentration in the leaves1s less than 3% DM
Concentrations above this are excessive and must be
reduced by withhalding N fertiliser appleations and perhaps
a defoliation programme. Because N is remobilised from
older 10 younget foliage, removing older leaves will reduce
the N status of the plant

The requirement for P and K seerms to be moderate. Targel
soll test values tor P-should be 40-50 units and K, 15 units
These values should be achieved at planting time, alter-any
base {ertiliser ‘has been applied, Target soil test values for
Mg should be 30-40 units al planting. A soil pH of 5.5-6 b
should be maintained

FERTILISER REQUIREMENTS

A survey of grawers has suggested a close relationshup be
tween N status of the plant and fruit guality. High N con-
centrations (> 3% in 1he leaves were associated with
poorer quality'fruit. Pepino Is able to take up large quann
ties of N from the soil and for this reason N supply musi
be carefully controlled it fruit quality 1s to be maintained
Nao N fertiliser should be applied before planting and may
not be needed for 1-2 months afterwards. Nitrogen addi-
tions should only begin when the supply Is known 1o be
depleted by observations of growth, or preferably, when
diagnosed by plant analysis.

A standard figuid fertiliser such as 100 N:200 K can be used
This can be prepared from 1050 g potassium mitrate plus
140 g urea dissolved in 10 | of stock solution and diluted
1:200, Magnesiuim can also be added 1o the nutrient sol-
ulion, as Epsom salls, at the rate of 1 kg/10 | of stack sol-
ulion. Nutrient solution should not be apphied daily, but once
or twice weekly, with water only being applied in between
applications.

GREENHOUSE VEGETABLES

The nutritional requirements of greenhouse grown vegela-
bles, like cut Howers, depend largely on the medium in
which they are grown. Requirements are also likely to vary
according to the season ar stage of growth of the plant.
The fertiliser recommendalions gven in this bulletin are
based on average growing conditions and as such are like-
ly ta vary according to local conditions. It is therefore im-
portant that the crop is monitored closely with soil and plant
analysis

PLANT ANALYSIS

Leaf samples for analysis for the following vegetables should
be collected as outlined below:

Cucumber — Recently matured leaves (blade plus psliole);
such leaves are located 30-45 cm from grow-
ing tip (20 leaves per sample)
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Lettuce  — Recently maltured leaves (20-30 wiapper
leaves per sample taken before head for-
mation)

Tomato  — Recently matured whole leaves (Blades plus

petioles); these are located about 20 e from
shoot tp (20 leaves per sample).

The sampling procedure for cucumbers is also applicable
to beans, courgettes and melons. Staridard leal concentra-
tions for assessing the nutrient status of these vegetables
are listed in Table 64

SOIL TESTING

Greenhouse vegalables are grown on a wide range of min-
eraland organic soilsin NZ. In many cases the original soil
tstriodified by the addition of materials such as pest, purmice
or ammal manures. The target values In Tables 85 and 66
have been found to be satisfactory under cornmercial con-
ditions

FERTILISER REQUIREMENTS

The procedure for mineral soils is (o calculateé the quantily
of fertiliser o lime needed from the information given in
Tables 61 and 75 1o achieve the desired target soil test
values (Table 65). Once these soil values have been
achieved, lertility can be maintained by applying liquid fer-
tilisers-or dry side dressings

Liquid fertiliser programmes for tomatoes

There are differant recommendations for making up the
stock solutions and for rates ol addition, This is mostly based
on tradition and s not related to sail type. The tertiliser
programmes available vary from a constant eoncentration
all season {o that reguiring changes in nulrient concentra-
lian and composition

The tollowing recommendations (Table 67) are those mos!
widely used In NZ and sult most growing practices,

The various nutrient formulations are used to allow lor the
different requirements of crops depending on season, plant-
ing time and stage of yrowth

Forinstance, a lomato crop planted in the auturn months
grows into the winter with shorter days and cooler temper-

alures. The low light levels tend to draw plants out and at
the same time reducing the quality of the frult. In order 1o
control this type o growth the concentration and formula-
tion of the solution is changed. As light conditions improve,
tha strangth of the solution is reduced, e, s rmade more
dilute, 1o allow growth to continue-and fruil 1o swell and
ripen evenly. DUring summer the demand for N increases
50 solutions higher in N replace those containing higher K
leveis,

Itis important to make the changes gradually to avold ex-
lreme fHuctuations in growth and frut quality.

Dry side dressing of greenhouse vegetables

Use a proprietory granulated lertiliser high in N and K, Rates
ol application will vary depending on their chemical analysis
A product containing 12:5:14 NPK would be applied at 5
Kg/ 100 m? every three ar four weeks: Alternatively, a rix-
twra of 2 kg of ammonium sulphate and 1 kg of potassium
sulphate per 100 m? can be used

Base fertiliser mix for use in peat and bark modules

Because the quanfi!v of nutrient in peat and bark |s low all
macro and micronulrients should be supplied . A typical ter-
tiliser mix Is listed in Table 63,

The base fertiliser recommendations (Table 631 only sup-
ply & fraction of the nutrients required by 4 tormato crop.
The addition of a liquid fertiliser in every watering is recom-
mended, starling immediately after planting. Initially the sa-
lution should supply 200 ppm N and 350 ppm K. Typical
stock solutions for preparing liquid fertilisers for omatoes
in peat or bark modules are listed (n Table 68,

Results show that the P nutrition of lomatoes in modules
is Inadequate at about the ume the lirst fruits ripen, unless
P s included in thee liquid fertiliser Nutrient solutions sup-
plying P are recommended from first ripening until mid Oct.
aber (Table 68). After this time P can be omitied and the
K concenlration raduced.

Magnesium, S, Fe and B deficiencies are likely to occur in
madule-grown tomato crops. Magnesium sulphate should
be inciuded in nutrient solutians for two weeks in every three
months as a precaution against the development of Mg and
§ deficiencies, or added whenever deliciency Symptoms ap-

Table 64: Typical concentrations for foliar analysis of greenhouse grown vegetables.

Cucumber LeTiuca Meions Tomara
Element Range Rarige Range Deficient Optimum ‘Excess
Macronutrients (%)
Nitrogen: 5.0-6.0 35 <45 40-5.0 <30 4.0 .50 > 6.0
Phosphariis Q7-1.0 04 086 0.4-0.6 < 018 0.4 <06 -
Potassium 45-55 45 <80 40-56 < 30 40 =5.0 > 6.0
Calcium 2040 10 <17 20-40 <Dg i5 =25 -
Magnesium 05-1.0 0.14-0.27 04-08 < 0.2 04 08B -
Sulphur - 0.25-0.5 - < 019 05 -1% -
Sodium - 0,02-0.2 - - g04-01 -
Micronutrients {ppm)
Manganese 60-150 40-180 75-150 < 20 100-400 ~B00
Iron 100-150 100-200 100 - 80-200 -
Zing 40-80 25-40 25-80 < |4 30-90 -
Copper 8-20 5-15 B8-10 - 12-80 =
Boron: 35-60 30-50 30-70 <20 30-60 =100




pear. Da not add Epsom salls o solutions containing P as
solid precipitates can result.

lron chelate should be used in solutions for one week at 10
pom if Fe deficiency occurs. This deficiency often occurs
during dull, winter weather and recovery can be assisted
by careful watering and keeping the media slightly drier for
a few days,

Symptoms of B deficiency are unlikely 1o be obvious, but
borax should be added in the nutrient solution for two weeks
in mid winter and again in spring for March-May planted
crops, or only in spring for June-August planted crops.
Regular analysis of the media and also of the leaves of the
plants should be carried out at least once a month so that
the supply of nutrients can be adjusted to that taken up by
the crop.

FURTHER READING

Brandenburg, W. (1980). Tomato Growing. Canterbury
Growers' Society, Christchurch, NZ, pp. 131,

Brandenburg, W. {1984). Tormatoes. Watering and feed-
ing for growing Im soil in greenhouses. New Zealand
Ministry of Agriculture and Fisheries Aglink, HPP 25

Burge, G K., White, R.A.J and Prasad, M. (1983). Soil-
less Mixtures. Peat or bark modules tor greenhouse
tomatoes and other crops, New Zealand Ministry of
Agriculture and Fisheries Aglink, HPP 245,

Table 65: Target MAF soil test values for greenhouse vegetables grown in mineral soils.

Ne Soluble Salts (%}
Plam pH Early Mid P K Ca Mg Eafly Wi

‘Season Season Season Season
Capsicum 6.0-5.5 - - 80-100 40-50 12-18 35-80 0.20 015
Courgeties 8.0-8.5 - - 80-100 2535 12-18 35-50 G:10 010
Cucumber 6.0<65 80-120 50-70 80-100 3040 12-18 35-80 D15 010
Lettuce 6.0-65 40-80 40-80 80-100 25-35 12-18 35-50 015 010
Melons 6.0-6.5 - - 80-100 30-40 12-18 35-50: 010 010
Tomato 5:5-8.6 50-100 40-80 70-100 45-60 12-18 35-50. 0.20 0.15
* Results expressed as ppm minersl N (X grg soill

Table 66: Desirable nutrient levels for soil-less media such as peat or bark using 1:1.5 water extraction. Results expressed as

ppm in the extract.

Plarit pH NOy-N e K Mg Ca Condueuvity
(mS)
Cucumber 50-86.0 60~80 18-20 100-160 - - 1:3-2.0
Tomato : :
Irtial 5.3-6.5 80-80 30-50 280-400 25-35 140-200 2.0-25
Duting Crop 5.3-6.5 30-50 20-30 140-200 25-35 140200 1.0-2.0
* Desirable P values in bark should be: Cucumbers B-10
Tomatoes, Initial grawh 15-26
Tornatoes, during crop 10-15

Table 67: Liquid fertiliser stock solutions for greenhouse tom-
atoes grown in mineral soils.

Stock Dilute Sclunon®
Nutrient  Fertiliser Soluven N K
Solunon kg/1Q ppm epm
1 ‘Potassium nitrate 18 104 285
2 ‘Potassium nitrate 1.5 173 285
Urea or 03
Ammonwum: nilrate 10.4)
3 Potassium nitrate 15 242 285
Urea or 0%
Ammonium nitrate Q8]
4 Potassium nitrate 1.5 380 285
Urea or 1.2
Ammonium nilrate (1.61
g Urea or 1.5 345 -
Ammonium nitrate (2.0}

* Nand K concentrations résulting from o 1:200 diluton of the
stock soluton
Note 1: Epsom salts at 0.5 kg/10 1 of sicck solution showld
be added 10 ali solutions contgining potassium fitrate
Note 21 Ammonium nitrate is aften used instead of urea dur-
ng winter to minimise the risk of ammania 1oxicity in
cold soils




Table 68: Liquid fertiliser stock solutions for greenhouse tom-
atoes grown in peat or bark modules.

Time of Stock Diura Soluten

Application  Fertiliser Solution N P K

ka/10 = ppm ppm  ppm

Planting o Polassium nitrate 184 200 0 350

ripening Urea 0.35

Ripening to  Potassium nitrate 1.84 206 100 250

mid Ocrober Ufea 0.35

Moneammaorium

phosphate or 0.75
Phosphotic acii

(75%) G520

Mid October Potassium nitrate 1.32 200 0 250

10 harvest  Ures .50

© N Pand K concentranons resulting from & 1,200 dilution of

swek sotution, '

Note: Addition of 0.6 kg Ensom salts, 0.33 ka of iron chelate (8%
Fel or 8 g of boiax per 10| o stock solution give concer-
uations ol 25 ppm Mg, 10 ppm Fe and 005 ppm B, resped-
tively, an dilution

——

NURSERY STOCK, BEDDING PLANTS,
AND POT PLANTS IN PEAT AND BARK

fhe nutrition of these plants 18 based on the use of slow
release lertlisers. Liquid fertilisers are generally applied anly
oceasionally but under conditions where leaching may oc-
cur they may need to be applied more frequently

TESTING SOILLESS MEDIA

Itis important that the nutrient levels in the growing media
are monitored closely to prevent the development of nutrient
tisorders. Desirable nutrient levels for soilless media are
aiven in Table 69,

Table 69; Desirable nutrient levels for soil-less media using 1:1,6
water extraction. Results expressed as ppm in extract.

Nutrient Total Mineral N Conduchvity
Level (NHsN = NOzNi® P K Mg imS|
Low 25 7 30 7 0.6
Desiratie 51-77 15-31 5985 7522 13-18
High 101=-123 a5 114-140 30-36 2B-36

© NOxN 10 NHeN ratio should pe at least 31 formost planis

For bark based compast hall the P value given in Table 69
may be adequate. For seedlings, the desirable range is half
the values for all elements, A pH of 56 measured in the
waler extract, is considered desirable for most crops. It may
be necessary to reduce N 16 very low levels in autumn for
outdoor nursery stock, including container grown kiwifruit,
s0 as to harden them against winter frosts.

FERTILISER REQUIREMENTS

The quaritity of base fertiliser for bedding plants, nursery
stock and pot plants grown in bark and peat media is given
in Table 70,

Planits growing in bark mixes generally require more Fe than
those grown in peat. If an Fe deficiency Is suspected, chelat-

ed iron {60-76 g/100 I} can be applied al a rate of 20-30
milpot.

The quantity of Osmocote® 1o be applied depends on the
type of plant. For bedding plants and seedlings growing in
a mix of four parts by volume of bark or peat to one volume
ol medium grade pumice, Osmocote® (14:6.2:11.6)ar a
similar slow release tertiliser should be applied ar a rate of

'2-3 kg/m? of growing media. This rate can also be used for

sensilive pol plants such as African violets or bougainvillea
A rata of 5 kg/m®of growing media is satisfactory for other
pot plants. For container grown nursery stock Osmocote®
(18:4 8:8.3) or a similar 8-3 month slow release leriliser
can be used, A rate of 3-56 kg/m® is recommended in this
nstance

For acid requiring plants such as azaleas, rhododendron,
and ericas the amount of delomite should be reduced o
1 kg/m? of potting mix, Other plants such as macadamia,
kauri and silver beech | Nothofagus menziesi) also need a
low input of ime, as well as the lower rate of Qsmocote®
(2-3 kg/im?).

For Proleas (lLeucadendron solignum ‘Red Bird' and L.
'Satari Sunsel’) a potling mix of @ volumes of bark or peat
and one volume of sterilised soil has been found to be suc-
cessful with the base ferliliser input given in Table 71.

Table 70: Base fertiliser for bedding plants, nursery stock, and
pot plants grown in bark and peat.

N-cemposted

Bark Bark Peat
Macronutrients {kg/m?|
Dolomite 5.6 5-6: 9-12
Superphasphate 1 1 1
Caleium ammonium nitrate 1 0.4<0.5 Q
Osmocoie® Ses text
Micronutrients (g/m?
Borax 11.8: 1.8 118
Copper sulphate 212 21.2 21.2
Manganese sulphata 4.2 14.2 142
Sodium molybdate: 2.4 2.4 2.4
Ferrous suiphate or 354 35.4 354
Chelatea won 150) 50} {30]

Table 71: Base fertiliser for proteas grown in bark and peat.

Hate
Macronutrients (kg/m¥)
Dolomite 2-3
Ammonium sulphate or 0.8
Calcium ammonium nitrate 10:5)
Magnesium sulphate 0.2
Porassiurm sulphate 0.3
Osmocote® (19:2.6:8.3) =2
Micronutrients (g/m?)
Borax 11.8
Copper sulphate 22
Manganese sulphate 14.2
Sodum molybdate 2.4
Ferrous sulphate or 354
Chelated Iron 501




Other species including Banksia, Botonia, Gravillea, Maca-
damia, Leucospermum, Acawa and Callistemon should also
grow well in this mix

In-addition to the incorporation of solid fertiliser to the pot-
ting mixes, a liquid fertiliser can be used 1o supplement the
nutrition of the plarits. The stock solution can be preparea
by adding 4. 4 ka potasswm nitrate, 4.0 kg ammaonium ni-

trate, and 800 mi (or 1480 g) phasphoric acid (88%) fo
100 litras of water: Dilution rates sultable tor the various
plant types-ara given in Table 72

Table 72: Dilution rates of stock nutrient solution for container
grown nursery stock and pot plants.

Diluts Sciution
Plan) Tyre Stock Solutiory  Conpenteaing
Dhlution Hate Do
N pr K
Stow growng leg, Azaless) 1.200 Mo & B3
Medm and fast growing plants 110e 200 30 66
= Exclede grosphasic soid for Proteas

For ouldoor nursery slock an application once or twice a
week is generally sulfigient. For por plants the solution
should only be applied once & week. Wheie liguid fertibsers
are applied over the entire plant, it must be washad off the
leaves with water ta minimise the risks of leaf scorch, esp-
agially in hot weathar Occasional double of tnpie strength
solutons can be apphed 10 plants in periods of wet weather
10 avoid the nutrient levels in the patting mikes beng de-
plaled by leaching.

FURTHER READING

Amos: J. 119801 Flowers and Ormamentals. Liguid feed-
ing: basic requirements and formulations. New Zealand
Ministry of Agriculure and Fishenes Aglink, HPP 171

Prasad, M. (1985} Sallless mixes. Bark and sawdusi Tor
container grown plants. New Zealand Ministry of
Agriculture and Fisheries Aglink, HPP 138







3-5 Unlis

B-10 Units

11-15 Unils

16-30 Uruts

Levin sit loam 176)

Egmont brown leam (93)

New Plymouth black loam (98)
Ohakune foam (30)

Katkati sandy foam |95;

Karaka (88}

Kufrieu pest (96!

Takapau sandy loam (52)
Kumeu peat DSIR orchard 184)
Muriwal sana (42]
Palumahoe clay loam 156)
Wastmere silt leam 1531
Kiwitea st loam (641
Pukepuke sand (31}
Hastings silt leam (20)
Temuks black siit loam (34}
Waimauku sand-(41)

Kumel dlay (Tng Rogd) 1451
Mapua foam (Nefson) (12}
= Templeton Eyre & Pagarua (84)

Hastngs ciay fgam: 1141

Waimakion sandy st loam
(Waimatet (3

Waimea silt loam (Netsonl (131

Havelock sandy leam on clay
pan {19)

Templaton silt lecam (Wamate|
(7t

Waimiakiriel sils loam (Bini 1101

Tempieton - sit feam (CH) ()
Tatapy silt loam 15)

Ranzau gravelly silt loam {19}
Waimakerin slit loam (CH) (6}
Putiki sandy 1oam (33)
Kawnatau stoney iam (57|
Meeange

Makaraka heavy sil loam
Makaraka clay loam
Matawhero heavy silt loam
Matawnero clay [oam
Waipaoa sit loam

Kumeuclay DSIR Orchard 161)
Tikoking

Kaiapou sill icam (8}

Tweylord sill toam (17}
Twylord sandy loam

Otiake silt joam (1)

Tdkapau stoney loam 126)
Ranzau stoney clay loam 130}
Barrhill sandy koam (6)

Putki sandy laam (33
Fakowhar slit/loam

Table 73: Increase of Olsen P units in the top 15 cm of soil as a result of broadeast application and incorporation of 1 tonne of super-
phosphate per hectare (10% P; 8% water soluble P). P retention values are given in brackets.

Table 74: Increase in K sail test units in the top 15 cm of soil as a result of broadcast application and incorporation of 100 kg K/ha.

1.5 Units

1 6-2.5 Units

2.6-3.5 Units

Muriwe sand
Waimalky sand

Mangere volcanic:

Kumey clay (Tng Rd!

Kurmeu peat (DSIR]

Pufiks fine sandy loam
Karapot sandy lcam

Takapau stoney loam
Pukepuke sand

Hastings clay foarn

Waimea <ilf Joam [Neisoni
Mapua loam

Waimakiriri sandy Silt foap (Wairnate)
Templeten siit loam (Wainate)
Taitapu silt loam

Waimakiriri silt loam (CH)

Kumely peat

Krwitea sil oam
—Twyford silt loam
Mapua loam
Kairek: sand.

Tautgpuy it losm
Levin silt loarm

Kumeuy clay (DSIRI

Patumahioe ciay loam

Barshill sandy loam
Temuks plack siit loam
Kaiapoi sandy loam

Egmont brown lpam
Westmere silt loam
Kawhatsu sioney silt loam
Takapau sandy loam
Hastings silt foam
Havalsek sandy loam
Ranzau gravelly sift foam
Ranzau sioriey clay loam
Wairnakirirs siit logm (Bih)
- Templeton & Eyre/Paparua
Templeton' silty loam (CH)
Wairnarl peaty loam

MAGNESIUM DEFICIENCY
Occurrence

Symptoms tend to accur approaching maturity when vields
may net be affected. Commonest on sandy soils and in wet
conditions. Can be induced by excessive K in soils. Soil test
values of 10-12 are adequate for most species but sus-
ceptible crops require 15

Species susceptibility

Tomatoes, potatoes, cauliflowers and beans are sensitive
to Mg deficiency.

Treatment

Diagnosed deficiencies can be treated by spraying with mdg-
nesium sulphate solution (2 kg/ 100 1).

SULPHUR DEFICIENCY

Occurrence

Rare in NZ although the continued use of high analysis fer-

tihsers could result in deficiencies developing in solls prone
to leaching and with little erganic matter

Species susceptibility

UK data indicate that brassica crops. leeks and radishes are
most susceptible and beans, carrots, parsnips and celery
are least likely to respond,

Treatment

Use $ containing fertilisers such as ammonwm sulphate and
superphosphate. Elemental S can be used in areas prone
to excessive leaching but Il becomes avallable slowly and
will acidify the soil.

MICRONUTRIENTS

The inclusion of micronutrients in the fertliser programme
is not routing for mast vegetables. The most commaon defi-
ciencies encountered are those of B and Mo in brassica
crops. The deficiency occurs because soils contain in-
adequate supplies of these nutrients or because of pH af-
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tecting availability. Deficiencies ot Mn, Fa, Zn or Cu are
uncomfpon and are usually related o specitic solls or sil-
uatlons.

Diagnosis of deficiency s not rellatie from soil esting: Plant
analysis is the recommended method of confirming a defi-
ciency. Visual symploms can be confusing In most cases
and only a few situations have clear-cut symploms.

To delermine (he need for a micronutnent to be added to
a fertiliser programme. knowledae of the soll involved, sus-
cepiible crops and conditions conducive ¢ deficiphey |5
meeded, This s summarised below

Where a deficiency 1s diagnosed aurng crop growth, toliar
applications usually give & good response. Rates of lerhhsars
o use are included below

Excessive use of micronutrients should be avolded because
tazicities can ocour affecting plants or livestock grazed on
Cropping areas,

Boron

Susceptible solls:  Sands, loamy sands, sandy larms, high
pH areas

Susceplible crops! Turmip, red beel, carrol, calery,

cauliflower, brocecoll, cabbage, tomato,
asparagus, beans
Treatment. cullivate 1-2 5 kg Biria into soil prior 1o
Ssowing/planting
Foliar - apply borax 0 2-0.5 kg/100 |
(may need hol waler to dissolve) of use
anequivalent amount of 2odium borate
which is more soluble (see Table 10},

Copper
Susceptible soils:  Organio soils

Onion, carrot, corr, cauliflswer, let
tuce, spinach, broad beans

Susceplible crops:

Treatment: Soll — apply copper sulphate a1 25-50
ka/ha when lirst cropped.
Foliar — spray with copper sulphate
200-500 4/ 100 I/ha

Iron

Organic and podzolic soils, calcareous
soils, sl pH greater than 6 7

Susceplible soils:

Suscepuble crops: Tomalo, polato, beans, spinach,

Treatmint Soil — apply ferrous sulphate at 20
kgita
Fehar — iron chelates at 75-100 g/
100 |

Manganese

Susceplible sois:  Podzaols, organic soils, soil pH greater

than 6.7

Tomalo, beans, cucumber, squash,
corn, red beet, radish, lettuca, peas.

Susceplible crops:

cullivale manganese sulphate into soil
at 20-30 kd/ha on minaral soils and
160-300 kglha on wraame solis.
follar — spray with manganese sul:
phate 1200-400 g MpS04/ 100 (ihal

Treatmeni:

Molybdenum

Compacted sands, yellow-brawn
earths [rom greywacke, yellow-grey
warths, soil pH less than 5.4

Susceptible sols

Suscaplibla crops Brassicas, cucurbits, 1omalo, spinach,

legumes

Treatment Soill — comect soil pH; apply sodiam
molybdale at 0 5-2.0 kg/ha
Faliar — spray with sodium molybdate
at 25-50 g/ 100 IIha

Zinc

Susceplible soils:  Organic solls, wat seils, high pH

Susceptble grops: Beol, beans, corm,

Soil — apply zinc sulphate at 10-16
kglha

Foliar — spray with zine sulphate al
200-400 g/100 Uha or chelated 2ine
compounds

SOIL pH AND LIME REQUIREMENTS

Vegetable ¢rops vary In their talerance @ soll acidity. Opt-
murn pH ranges are given in the section on each ctop

Treatment

Rates o lime required 10 increase the pH of soils of viarious
textures are in Tahle 75

Table 75: Lime rates required to increase soil pH by 1 unit in
soils of differing texture.

Soil Texture Lime Raie
lonna/hal

Sand 56

Sandy loam 582
Silt toam 56
Clay lagm 8.3
Clay i25

Peat 15
Notes

1. Lime s assumed o be 100% CaCQy, for lowar CaCOs
content larger rates are needad,

2. Lime (s assumed to have been thoroughly incorporated
1015 em

3. pH changes take 12-18 months for the increases in-
dicated,

4 The rate of pH change depends on fineness of lime used
and on maoisture content of the soll. Lime in which a
large proportion passes 0.5 mm mesh seive will react
faster giving & quicker pH increase bul a less lasting
effect than @ coarser sample. Under very dry condilions
rates of pH change are slow.













Desifable concenlrations In younges! mature leaves:

Ane N%  P% K%
(weeks)
Squash Delica (Pukekohe) 2 86 - -
5 65 1.1 4.7
E 58 1.1 3.7
Rock melon (Levin) 8 =52 = -

Specific deficiency symptoms
Marrow

N & 8 Similar yellowing of gider leaves, distinguish by sap
nitrate test or S concentration,

P Young leaves dull emerald greery,
Ca Young leaves claw shaped
B New leaves disterted, petioles have transverse

cracks, fruit cracks. Leal symptoms sunilar to
cucumber mosaic virus; petiole cracks very diag-
nostic of B deliciency

| AMARYLIDICEAE (leeks, onions, garlic)

Nutrient requirements

Total nitrogen (kg N/ha)!

Leeks 200
Spring onions 120-180
Omons & garlic 120

Targel Olsen P values
Phosphate Retentior

0-40 41-75 76-100%
Leeks & omons 45-56 bH6-7H 7690
Method of P applicatinn: Broadcast
Targel K values: _
Soll Texture
Sand Loam Ciay
Lesks & onions 10 12 15

Method of K application” Broadcast

Optimum pH range:

Leeks 61-73
Onions 5.6-7 0

Nutrient uptake (kg/hal

Crop Yigld (lonnethal N P K Ca Mg
Leeks 180 293 29 298 110 17
Ornions 48 107 17 88 16 4

Tissue analysis

Commanly oceurring but not critical values are in the Ap-
pendix,

Critical N, P and K concentrations (%) in whole plants:

Plant Age (days)

40 80 120 160
Spring anions N 3.2 2.0 12
P 41 25
K 43 2.8 1.9
Losks N 3.8 3.2 2.8 2.0
F - | 34 27
K - 23 1.7 14

Specific deficiency symptoms

Leeks

s Leaves sull and erect, early swelling of siern base.

K Die back of old leal tips.

Ca Leaves very narrow and die back abrupily [rom tips
without tust yellowing.

8 Trinsverse cracks on leaves.

Onions

8 Leaves thick and deformed, new leaves yellow.

K Older lgaves die back fram 1ip withou! becorming
yellow

Ca As for K or death of a short length f lgaf cadsing
the distal part to lall over and die.

Ma Older leaves unifarmly vellow along langth

Mn Stoped chilorosis of ouler leaves followed by necra-
sis; growth severely decreased

n lL.eavas striped yallow, twisted and stunted.

Cu Tips of young leaves become chlorolic, Wwirn whila
and twist of spiral. Bulb scales vellow and thin, Bulk
soft.

B Leaves crack transversely.

Mo Poor #mergence and seedling death, On mature

plants ips die and there 15 8 willed zone between
the dead lip and healthy tissue.

CHENOPODACEAE (red beet, spinach,
silverbest)

Nutrient requirements

Total nitrogen (kg/hal:

Winter spinach 350 °
Summer - spinach 150

Red beet 150-250
Silverbee 100

Target Olsen P values:
Phosphate Retention

0-40 41-75 76-100%
Red best 30-35 36-45 46-55
Summer spinach 35-45 46-556 56-75
Winter spinach 456-56 56-75 76-80
Method of P application. Broadcast
Target K values:

Soll Texture

Sand Loam Clay
Red beet 8 10 12
Spinach 10 12 15

Method of K application: Broadecast
















1. MEASUREMENT OF SAP NITRATE FOR
VEGETABLE CROPS

This simpie method of nitrate sap testing can be used to
increase the efficiency of N fertliser use. The technigue is
still at an experimental stage but the work is sutficiently ad-
wanced for advisors and growers 1o use It on & (nal basis

Sampling

Take samples from several planis 1o gel an average value
The mosl suitable plant pan 1o sample 1s indicatad under
individual crop species. Samples should be taken belween
10 am.and 2 pm and preferably in sunny conditions

Sap extraction

Chop the plant parts Into pieces & mm long and put them
into a garlic press. Squeeze out the sap and let the drops
coalesce logether (to get a represeniative sample) belole
putling it onto a Merck nitrate test strip. Wipe away any
£Xcass.

Measurement of Nitrate

Begin timing colowr development as soon as (he stip is
rmoistened by sap. After two minutes compare the purple
colour of the strip with the coloured squares on Lhe cor:
tainer, To ganverl ppm nitrate 1o gpm nitrate-N, divide by
4.4, Il the stnp colour is darker than the darkest colour on
the container, record the ime al which the strip calour is
equal 1o the 500 ppm colout and convert to ppm using Ap:
pendix Table 1.

Interpretation

Desirable concentrations of nitrate-N in plant sap are qiven
for those species for which data are available. Values lluc-

Appendix Table 1: Data for using Merkoguant test sirps for
measuring nitrate—N concentiations
areater than 100 ppm.

Seconds (O NOxN
Darkest Colour pom
6 2500
8 1600
10 1100
i2 950
14 800
18 700
18 620
20 540
22 480
24 440
26 400
28 370
30 340
35 280
40 230
45 210
50 180
55 170
60 155
65 150
70 140
80 130
80 120
100 e
110 115
120 114

tuate with the supply of N from the soil 50 that sevaral meas-
urements may be desirable. This is a very sensitiva indicator
of plant N status

2. DIAGNOSTIC STANDARDS FOR PLANT NUTRIENT CONCENTRATIONS IN VEGETABLES
Appendix Table 2¢ Typical concentrations (%) for fofiar analysis of vegetables®

Crop Cultivat Timé of Sampling Plant Parl N P K Ca Ma
Asparagus Unkaown Mature Fem trom 45-80 cmup  24-38. 030-0.35 15-24 04-05 015-0.2
Asparagus Mery Washingtan 800 January Femn from 45-90 cmup 30-42 0.24-036 1524 D3-1.1 Q11-02
Asparagus Mary Washingion 500 February Fern from 45-90 cmup  26-39 0.22-03917-31 06-15 0.14-072
Asparagus Mary Washinglen 500 Match Fernfrom 45-80 cmup 23-371 016-02415-27 06-15 014-02
Asparagus Mary Wastington 500 Apni Fern from 45-90 cmup  1.0-18 DO0B-0.15 0815 04-11 007-01
Asparagus Mary, Washington 500 May Ferqy from 45-90cmup 0.8-186 0.03-008 06-1.0 0508 008-01
Beans (snapi Unknown Bud Young mawre trifaliate teal 3.0-6.0 0.2%-050 18-25 0.8-30 026-070
Beans (dwarf) Processor 6-8 wesks Young mature infoliate leal 4.2-64 0.24-040 21-30 18-31 0.24-043
Beans |dwarl) Processor 10-12 weeks Young mature Infoliate leaf 3.3-46 0.26-035 10-21 27-35% 032-0.37
Beans, French GV 50 42-4.7 025-03320-27 22-29 07-10
Beans (Broad) Exhibition long pod  12-13 weeks YML 45-56 025-0401.3-22 06-09 06-0.26
17-18 weeks YL 42-6.2 020-040 2.2-28 07-18 0.10-03
Beetroot Unknown Mature: YML 35-50 0.20-03020-40 25-35 030-08
Beetroot Detrof! B-11 weeks YML 49-59 030-050 3.0-5.0 11-25 0.40-08
Beetroot Detroit Roots 4-7 em diameter YML 47-54 0.28-05654.5-47 04-10 080-0.9
Broceal Waollhan 29 9-10 weeks YL 60-71 040-070 1.4-43 20-50 015027
Broceoll {nknown Heading ML 32-55 030-070 2040 12-2% 023-04
Brussels Sprouts Unknown Unknown Upper leaves 22-42 0.26-045 24-34 03-22 023-04
Brussels Sprouts Jade Cross D 13 weeks YML 43-49 036-041 26-30 28-32 0.15-02
Brussels Sprouts Jade Cross D 17 weeks YML 3.8-45 027-0.33 14-30 22-17 01301
Cabbaga Unknown Heads Y2 grown Young wrapper leaf  30-4.0 D.30-050 30-40 15-35 025-04
Cabbage Erfcross Hybrd 8 weeks YML 50-56 040-0.50 23-3% 1.7-28 018-0.2
C_abbaga winter Erlicross Hybrid 12-13 weeks YML 43-47 040-05027-35 16-26 016-02
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