in vegetable crops
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Plant nutrients are commonly split
into two categories:

* Major elements
(macronutrients) that are
required in relatively large
quantities by plants, and

+ Trace elements (micronutrients)
that are essential for plant
growth, but are only required in
small amounts.

All elements must be available
in a form that is useable by
the plant, and in balanced
concentrations that allow
optimum plant growth.

Each of the necessary nutrients
in plant growth has a different
function in supporting the growth
and performance of the plant.

Nutrients also behave differently
in plants, they can cause different
symptoms when deficient or
available in excess. They also
enter plants through different
mechanisms. The roots of plants
do not grow in search of nutrients;
rather they rely on “encountering”
available nutrients in the soil

and absorbing them to develop
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Boron; Discoloration
of leaf buds. Breaking

Sulphur: Leaves
light green. Veins
pale green. No spots.

Manganese: Leaves
pale in color. Veins
and venules dark
green and reticulated

Zing: Leaves pale,
narrow and short Veins
dark green. Dark spots

on leaves and edges.

Magnesium: Paleness
from leaf edges. No spots
Edges have cup shaped
folds. Leaves die and drop
in extreme deficiency.

Phosphorus: Plant short
and dark green. In

brown or black. Bronze
colour under the leaf.

and dropping of buds | & §

extreme deficiencies turn | © —

Calcium: Plant dark green.
Tender leaves pale. Drying
starts from the tips.
Eventually leaf bunds die.

Iron: Leaves pale.
No spots. Major
veins green.

Copper: Pale pink
between the veins.
Wilt and drop.

Molybdenum: Leaves light
green/ lemon yellow/ornge.
Spots on whole leaf except
veins. Sticky secretions
from under the leaf.

Potassium: Small spots
on the tips, edges of pale

| leaves. Spots turn rusty.

Folds at tips.

Nitrogen: Stunted growth,
Extremely pale color.
Upright leaves with light
greenfyellowish.Appear
burnt in extreme deficiency.

new root tissue. There are three
main mechanisms in which they
achieve this.

THE COLOUR REPRESENTED ARE INDICATIVE.
THEY MAY VARY FROM PLANT TO PLANT

Visual symptoms of nutrient disorders
(Source: University of Arizona Cooperative Extension)
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Nutrient element functions in vegetable crops

Mass Flow

Mass Flow involves the movement of nutrients dissolved
in water into a plant as the plant absorbs it. Some of the

water is used by the plant and the rest is leaving plant T B
surfaces via transpiration. Transpiration creates a suction //'_‘ ,\';:
effect, which pulls the water from within the soil pores, ‘./“__\ \ [N\

carrying nutrients, to come into contact with the plant
roots to enable absorption. Calcium (Ca), Boron (B),
Magnesium (Mg) and negatively charged molecules like
nitrate (NO,) move via mass flow.

Diffusion

Diffusion is the slow movement of nutrients to the surface
of plant roots in response to a gradient in concentration.
For instance, nutrient uptake causes a low concentration

in the soil that surrounds roots so that nutrients from high concentration f_,;-—/" | ":;\‘\

zones with higher concentration move to the root surface __,-;Iirl 1 P N\

to create an even concentration. However, plant roots = tow\\ '\'?.x\\
will take up the nutrients and maintain a concentration m’f“ A\
gradient and therefore diffusion keeps going. Potassium I

(K) mainly moves via diffusion. (2) _ " "I

Root interception

Root interception occurs when a growing root comes into
contact with soil minerals or organic matter, which hold
nutrients. The root is then able to absorb the nutrients.
Most of the Phosphorus (P) reaches roots via interception.

Nutrient uptake (Source: Actlabs Agriculture)

Nutrient uptake can happen either passively, with no energy required as a nutrient enters with water, or actively where
the nutrient is moved into the root by a “carrier” molecule or ion and uses energy in the process.

Oxygen (O,) and carbon from carbon dioxide (CO,), taken up through leaves from the air and or water and hydrogen (H)
are the main building blocks of plants, contributing about 48%, 42%, and 6% respectively to the dry matter content of
plants. All other nutrients make up the remaining 4% with Nitrogen (N) and Potassium (K) being the greatest contributors
with about 1.4 -2% and 1-1.5% respectively. Calcium contributes about 0.5% to the dry matter content; Magnesium
(Mg) and Phosphorus (P) provide 0.2% each and Sulphur 1%.

The following table present a summary of the major and trace elements and their relationship to crop performance.
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Nutrient element functions in vegetable crops

Major Elements
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MAIN UPTAKE | POTENTIAL
MECHANISM UPTAKE DEFICIENCY EXCESS
R e & (UPTAKE INTERFERENCE SYMPTOMS SYMPTOMS
FORM) OR PROBLEMS
Nitrogen Protein synthesis High Mass flow Losses may Low vigour and yield,  Blue green,
(N) : . occur due to delayed maturity large, soft
N is the main puﬂdmg Transferred to younger (NO, and NH,) NO, leaching - and stunted growth. foliage, disease
blocl.< I e pIan’F HEf whgn . particularly on Yellowing of older susceptibility,
gnd is a key comppnent req.w'red resulting in light & sandy soils, leaves lodging, may
n chlorophyll_(whl_ch deficiency symptoms denitrification, N lead to relative
converts_sunllght |nt_o on older leaves e o low K, relatively
S s 2 . fixation of NH, in small root
effect on growth & quality clay minerals system
Phosphorus  Necessary for proper cell  High Diffusion (very  Poor root system Poor seedling Not found to be
(P) division and the formation slow) reduces uptake establishment, root a problem
of new cells. Transferred to younger potential. development and
pIan’F parts whgn . BOOt ) ) fruit and seed set,
Energy tran_sfer (early root req.w.red resulting in interception High Ca, Fg or AI stunted growth, purple
growth, fruit and seed set) deficiency symptoms (HPO., HPO,) copcentratlon in TeealaliE T o Gl
on older leaves 402 T soil (high or low leaves
pH respectively)
Potassium Carbohydrate (starch Mobile Diffusion, some  Competing with Yellowing of margins ~ Ca or Mg
(K) & sugars) and protein . mass flow other cations (Mg, and tips of older deficiency
synthesis, water balance Ll sl s Na, Ca or NH,), leaves, progressing to  possible, may
control (root intake, an older leaves fixation of K'in clay white-brownish spots  reduce sugar
loss through stomata), minerals and then ‘scorching’ and starch in
electrical balance (necrosis) of leaf root crops
margins
Calcium Component of structural No relocation within Root Other cations (K, Pre-mature dropping  Induced Fe
(Ca) organs, protein synthesis, the plant, moves only interception, Mag), Ca leaching of buds and blossoms, deficiency, also
ion uptake with transpiration some mass flow in acid soils, bending of tips, brown B, Mn, Zn,
. L inhibition of spotting (apples,
Nece.ssa'ry for propgr Foliar application (Ca) transpiration (high ~ celery), blossom end Cgmpetes
fUI’.lCtIOFIIFIg.Of growing may be r.19c.ess:j:lry, humidity, dry soil,  rot in tomatoes, young with Mg and K
ppmts, particularly root !f tr.ar.1$p|rat|0n is heat) leaves and growing uptake
il Irtuleficae point affected first
Magnesium  Involved in Relatively mobile Mainly mass Other cations (K, Interveinal chlorosis/  Ca or Mn
(Mag) photosynthesis, protein Symptoms observed  flow, also root ~ Ca) yellowing, mottling, deficiency
synthesis, energy transfer on older leaves interception green veins, orange, possible
red or purple
(Mg) discolouration
possible, leaves may
curl at margins
Sulphur Chlorophyll production, Relatively low mobility, Mass flow Other anions Similar to N deficiency  Only in form
(S) constituent of several symptoms spreading (nitrate, chloride)  but first in young of SO, gas
amino acids which are to entire plant (50, may be takenup  tissue: light green to emission near
essential for proteins in preference if yellowish leaves with industry
available at high lighter coloured veins
levels
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Nutrient element functions in vegetable crops

Trace Elements
MAIN UPTAKE | POTENTIAL

MECHANISM UPTAKE DEFICIENCY EXCESS
NUTRIENT MAIN FUNCTION MOBILITYCIN FLANT & (UPTAKE INTERFERENCE SYMPTOMS SYMPTOMS
FORM) OR PROBLEMS
Boron Carbohydrate, starch Immobile - moves only Mass flow High pH Black/brown heartin ~ Narrow margin
(B) and sugar metabolism,  with transpiration. - leafy plants, cracking  between
needed for flowering Symptoms appear on ) Inh'b't'_on _Of and deformation of sufficiency
and pollination, critical  younger plant parts transpiration roots or stalks (corky  and toxicity —
component within reguces “Pt?ke tissue), hollow stems,  necrotic spots
young growing points (high hum|d|w, die back of twigs, with yellow
(meristematic tissue) dry soil, heat) dead buds, poor margin, may
flowering, fruit set be induced by
salinity
Copper Constituent of proteins, ~ Relatively low. Mass flow High pH, high Mn  Plants look bleached  Fe deficiency
(Cu) energy transfer, Symptoms most levels or other and stunted, tip burn
helps regulate water obvious in younger (Cu) trace metals in cereals, dieback of
movement leaves leaves in vegetables,
die back of twigs in
citrus, mottled leaves
Iron Required for Immobile. Symptoms ~ Mass flow, High pH (>7), Interveinal chlorosis,  Can look like P
(Fe) photosynthesis, on younger leaves first diffusion, high Ca level, leaves become deficiency
respiration and some root concentration, whitish, veins remain
chlorophyll interception high Mn levels or  green, could be
production. Involved other trace metals, confused with Mg
in the conversion of (Fe) esp. Cu deficiency
nitrate to ammonia
Manganese  Essential for chlorophyll Medium mobility. Mass flow, High pH, cold wet  Chlorosis, may display  Bark substrates
(Mn) production and Symptoms appear some root periods lots of small, black/ may contain
photosynthesis. over entire plant interception brown spots excess Mn,
Regulation of spotting or
carbohydrate (MnO) necrosis along
metabolism and energy leaf margins,
transfer leaves roll up
Molybdenum Essential for N Low mobility. Mass flow, Low pH Legumes show Chlorotic
(Mo) assimilation, Symptoms appear some root N-deficiency young leaves,
important in legumes  first on young leaves interception symptoms, brassicas  purple in
for rhizobia function produce long, narrow, tomatoes,
deformed leaves, also  stunted
typical — chlorosis and  growth,
upward curling of leaf  thick leaves,
margin moribund buds
Zinc Carbohydrate Reasonably mobile. ~ Mass flow, High pH, high Mn Interveinal Similar to
(Zn) metabolism and Symptoms appear diffusion, root levels or other chlorosis, stunted, Fe and Mn
enzyme activation particularly in older  interception trace metals stiff, ‘bleached’ deficiency
(similar to Mn) leaves appearance, rosetting
in fruit trees (bare
twigs with leaf clusters
at the end), tip burn in
cereals
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Horticulture Innovation Australia Limited (Hort Innovation), Applied Horticultural Research Pty Ltd (AHR) and RM Consulting Group (RMCG) make no representations \/
and expressly disclaims all warranties (to the extent permitted by law) about the accuracy, completeness, or currency of information in this fact sheet. Users of this
material should take independent action before relying on it’s accuracy in any way.

Reliance on any information provided by Hort Innovation, AHR or RMCG is entirely at your own risk. Hort Innovation, AHR or RMCG are not responsible for, and will not be liable for, any loss,
damage, claim, expense, cost (including legal costs) or other liability arising in any way (including from Hort Innovation, AHR, RMCG or any other person’s negligence or otherwise) from your
use or non-use of information from projects: VG13076 Soil condition management — Extension and capacity building; VG13078 Extension of Integrated Crop Protection or from reliance on
information contained in this material or that Hort Innovation, AHR or RMCG provides to you by any other means.



