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Introduction

Adequate nutrient management is critical for successful
commercial peach production (Figure 1). Timely and
informed fertilization practices are essential to obtain high
yields, optimal fruit quality, and secure long-term orchard
health and productivity. Each essential nutrient must be
supplied in appropriate amounts to support proper tree
growth and development. Nutrient sufficiency ranges serve
as valuable tools for assessing orchard health and guiding
decision-making. While nutrient deficiencies often
manifest through visual symptoms, particularly in leaves,
these signs typically appear only after the plant is already
under nutritional stress. Recognizing such symptoms can
help identify which nutrients the plant may be lacking;
however, a solid nutrient management program should be
based on regular soil and foliar sampling to detect issues
before symptoms appear. This publication provides
suggested nutrient sufficiency ranges for peach trees, along
with practical guidelines for identifying nutrient deficiency
symptoms and conducting soil and foliar sampling in the
orchard. Its goal is to support county Extension agents,
Extension faculty, growers, and homeowners with general
and practical guidelines for optimizing nutrient
management in peach orchards.
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Figure 1. A two-year-old peach orchard (‘UFOne’) with
appropriate nutrient management in Pierson, Florida.
Credit: Ali Sarkhosh, UF/IFAS

Nutrient Sufficiency Ranges and
Deficiency Symptoms

Plants require 17 essential nutrients to survive and to
produce a healthy crop. The environment sufficiently
supplies carbon, hydrogen, and oxygen. Nitrogen (N),
phosphorus (P), potassium (K), sulfur (S), calcium (Ca),
and magnesium (Mg) are called macronutrients and
generally exceed 0.1% of the plant’s total dry weight. On
the other hand, boron (B), copper (Cu), iron (Fe),
manganese (Mn), zinc (Zn), chlorine (Cl), molybdenum
(Mo), and nickel (Ni) are called micronutrients, and plants
generally require them only in a few parts per million
(ppm). Plants cannot complete their life cycle without
sufficient amounts of each of these nutrients.

Table 1 summarizes nutrient sufficiency ranges for macro-
and micronutrients in peach leaves. Nitrogen levels in the
leaves of Florida-grown, low-chill peaches ‘“TropicBeauty’
and ‘UFSun’ have been found to fall within those
sufficiency ranges. However, while most nutrients in
‘UFSun’ peaches grown in Florida align with these



sufficiency ranges, K concentrations exceeded the
suggested range, whereas Cu concentrations fell below it. It
is important to remember that specific nutrient sufficiency
ranges for a crop may change depending on the location,
soil texture, soil pH, rainfall, and maximum and minimum
temperatures, among other environmental conditions.
Consequently, fertilization management practices need to
be adapted to the local conditions of our state.

Macronutrients and micronutrients play essential roles in
plant growth, development, and metabolism. Moreover,
nutrient deficiencies can significantly impair tree growth,
health, and productivity. The following paragraphs briefly
describe the critical functions of each essential nutrient
and some guidelines for recognizing potential deficiencies
based on visual symptoms.

Nitrogen (N) is crucial in the structure of nucleic and
amino acids, the latter being essential for the synthesis of
proteins and enzymes. The sufficiency range for N in
peaches is between 2.60% and 3.50% of dry weight. Most
of the N used at the beginning of the growing season is
obtained from reserves in scaffold branches, roots, trunks,
and shoots. Later in the season, N is obtained directly from
the soil. A light green or yellow chlorotic appearance
initially observed on mature leaves is a typical symptom
associated with N deficiency (Figure 2). Red coloration on
shoots and leaf blades can also be observed, advancing into
red or brown spots in the leaves. New growth is small, and
older growth might drop prematurely. Although N
deficiency does not affect flower density or fruit set, it does
affect fruit yields by reducing fruit size as a consequence of
shorter shoots. The lack of N also affects fruit quality by
generating astringent and fibrous fruits.

mature (C, D, E) leaves of peach trees.
Credit: Images facilitated by © 2023 Regents of the University
of California. Used by Permission.

Phosphorus (P) is essential for the synthesis of ATP, the
molecule used as an energy source in living organisms.
Phosphorus is also present in nucleic acids. The sufficiency
range for P is between 0.14% and 0.40% of dry weight.
Similar to N, the P required to support growth at the
beginning of the growing season is obtained from tree
reserves. After canopy development, P is mostly used for
fruit development. After harvest, trees start to accumulate
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P for the following year’s crop. Cases of P deficiency in
peaches grown in the field are uncommon. Interestingly,
peaches and other fruit crops have rarely shown any
response to P fertilization, although an increase in growth
has been reported in a few cases. To observe the effects of
P deficiency, peach trees were grown using sand as a
substrate. The initial symptom is a reduction in growth,
without visual changes on leaves. Under continuous
deficiency, young leaves become abnormally narrow and
flat, with a leathery texture and dark purple-green
appearance (Figure 3). The fruit’s skin turns fragile and
rubbery, while the fruit’s flesh becomes soft, acidic, and
low in eating quality.
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Figure 3. Symptoms of phosphorus deficiency in leaves (A, B,
C, D) and fruit (E) of peach trees.

Credit: Images facilitated by © 2023 Regents of the University
of California. Used by Permission.

Potassium (K) is highly mobile in plants, and it is
important for regulating plant turgor (tissue rigidity) and
stomatal activity (gas and water exchange processes). It
also acts as an activator for many enzymes. Potassium
sufficiency ranges for peaches are generally between
2.00% and 3.00% of dry weight. Cases of K deficiency are
common, but most of them can be solved easily with K
fertilization. Typical leaf symptoms are pale-green,
blueish-green, or chlorotic leaves; leaf rolling in mid-
summer; and necrosis of the leaf margins (Figure 4).
Shoots acquire a reddish coloration, and flower bud
initiation declines significantly. In severe cases of
deficiency, shoot growth ceases, and flower bud
development reduces dramatically. Fruit developed under
K deficiency are pale in color and small in size, thus
reducing yield. Additionally, K deficiency may reduce fruit
quality and postharvest life.
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Figure 4. Symptoms of potassium deficiency in leaves of
peach trees.

Credit: Images facilitated by © 2023 Regents of the University
of California. Used by Permission.

Calcium (Ca) is important for the development of cell
walls and membranes. It has also been associated with the
successful germination of the pollen grain and in plant
protection from toxins. It is important for fruit quality,
especially for postharvest characteristics. Preharvest
applications have been observed to reduce rot, help
maintain firmness, and improve appearance and aroma.
Sufficiency ranges for Ca are between 1.50% and 3.00% of
dry weight. Similar to P, cases of Ca deficiency in peaches
are uncommon. To observe Ca deficiency symptoms,
hydroponic studies were performed on seedlings and small
trees grown in sand. The first evident symptom is a
reduction of root growth. In leaves, chlorosis at the
margins transitions to necrosis, leading to defoliation.
Additionally, the tips of some shoots may die back. Brittle
bark and enlarged lenticels on the trunk might be
observable. Fruit produced under Ca deficiency conditions
are smaller, with reduced sugar content and poor color and
flavor.

Magnesium (Mg) is an important component of the
chlorophyll molecule, and it also works as an enzyme
activator. Sufficiency ranges for Mg are generally between
0.30% and 0.80% of dry weight. The Ca/Mg ratio in a
healthy peach tree should be approximately 2.60, and the
K/Mg ratio should be close to 3.70. The first Mg deficiency
symptom is often a pale-green discoloration of the leaf tips
and margins of older leaves, later transitioning to chlorosis
and potentially necrosis (Figures 5A and 5B). These
symptoms might not be visible in younger leaves. Leaf
blade deformation may also occur, with dark-green or
blue-green leaf coloration, followed by interveinal
chlorosis or necrotic brown spots.
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Figure 5. Symptoms of magnesium (A, B), sulfur (C), zinc (D,
E), boron (F), iron (G), manganese (H), and copper (I)
deficiencies in leaves of peach trees.

Credit: Images facilitated by © 2023 Regents of the University
of California (A, D, E, I) and © Yara (B, C, F, G, H). Used by
Permission.

Sulfur (S) is an important component of many proteins
and enzymes. Sufficiency ranges for S are between 0.14%
and 0.40% of dry weight. Cases of S deficiency are rarely
observed in peach orchards, and only a few reports have
mentioned either deficiency symptoms in the field or a
positive response to S fertilization. As occurred with P and
Ca, S deficiency symptoms have been analyzed by growing
peaches in sand. Nitrogen and S deficiency symptoms are
similar, producing reduced growth with small chlorotic
leaves turning whitish, although symptoms of S deficiency
tend to start in young leaves (Figure 5C). Additionally,
necrosis along the leaf margins has been reported under
severe S deficiency.

The sufficiency range for Zinc (Zn) in healthy peaches is
between 20 and 50 ppm. Zinc has been reported as a
component of approximately 80 plant proteins, and it is
important for the synthesis of auxin. Lack of auxin can
generate stunted leaves and shoots, and it is the cause of
“little leaf disorder” (Figure 5D and 5E). Little leaf disorder
is an important limitation for peach production in some
regions in the United States, occurring particularly during
cold spring conditions. It is the second most common
nutrient deficiency problem in California, after N. Under Zn
deficiency, interveinal chlorosis is the first observable
symptom, although it is difficult to differentiate from Mn
deficiency. Later, short internodes and narrow pointed
leaves are observable at the terminal shoots associated
with the little leaf symptom (also known as rosetting).
Finally, older leaves drop prematurely, along with shoot
dieback. Bud development reduces significantly, and fruits
tend to be smaller and flattened with thick skin and a short
shelf-life.

The specific function of Boron (B) is not clear, although it
is considered to play an important role in pollen tube
growth, cell wall synthesis, membrane integrity, water



uptake, the production of some hormones, and the
metabolism of carbohydrates. Generally, sufficiency ranges
for B are between 30 and 70 ppm. Boron deficiency is
commonly observed in many crop species around the
world. Fortunately, peaches are resilient to B deficiency
due to the mobility of the nutrient in this and other species
of the Rosaceae family. Moreover, B deficiency cases have
been seldom reported under field conditions. Flower buds
failing to break in spring might be the first indication of B
deficiency. These buds will eventually develop a brown
coloration and die. Some weeks later, shoot dieback will
also be observable. Vegetative buds might survive and
grow normally, but the first expanding leaves will be
deformed. In other cases, no shoot dieback was reported,
but vegetative buds produced short, deformed shoots with
asymmetrical leaves having chlorotic margins. Boron
deficiency also reduces fruit set. The fruit that do complete
development typically show no external symptoms,
although necrotic areas in the flesh around the pit may be
present. Generally, B deficiency symptoms are not
observed in leaves but, rather, in fruit (Figure 5F).

Iron (Fe) is an important component of many enzymes
and proteins, and it is necessary for the formation of
chlorophyll. It is critical for the transfer of energy during
photosynthesis and respiration. Sufficiency ranges for Fe
are between 80 and 250 ppm of dry weight. Peaches are
particularly susceptible to lime-induced chlorosis, also
called Fe chlorosis. This is a common issue around the
world, where Fe is immobilized in alkaline, calcareous soils
(pH > 7.5). Iron deficiency might be difficult to detect with
foliar analysis, so the observation of potential visual
symptoms is important. Typical symptoms include
completely chlorotic, unevenly distributed leaves with
green veins, which appear first in young leaves and later in
older leaves (Figure 5G). Affected leaves can eventually
appear bleached from the loss of chlorophyll. Additionally,
burned leaf spots and widespread shoot dieback can be
observed. Under severe deficiency, overall vegetative and
reproductive development reduces, including fruit
production and size.

Manganese (Mn) is an important activator for several
enzymes and plays a critical role in photosynthesis.
Sufficiency ranges for Mn are between 40 and 200 ppm.
Generally, Mn deficiency does not affect vegetative growth
and yield, so it is not considered a serious issue. However,
severe cases have been reported. The first symptoms of
severe Mn deficiency are small and irregular, interveinal,
light green spots in old leaves. The spots expand, but the
area surrounding the veins usually stays green (Figure
5H). Dieback of shoots and early defoliation can also be
observed, along with an important reduction of flowering
and fruit set, consequently reducing yields.

Copper (Cu) in plants is mainly associated with the
transference of energy during the photosynthetic process,
although it also serves other functions. Sufficiency ranges
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for Cu are between 5 and 16 ppm of dry weight. Although
deficiency issues associated with this nutrient are
uncommon in peach orchards, the first visible Cu
deficiency symptoms are pale green to bright yellow leaves
with no changes in the vein coloration during spring. Later,
shoot tip dieback and abnormal bud development produce
a bushy appearance (Figure 5I). Fruit production can
decrease severely.

Although visual symptoms can be a useful initial tool to
diagnose nutrient deficiencies, it is strongly suggested to
confirm these observations with plant tissue analysis. This
is particularly important when observing potential
micronutrient deficiencies in the orchard, as excessive
micronutrient applications can easily lead to toxicity.

Determining Nutrient Needs in the
Orchard

It is important to collect soil and plant tissue samples
representative of the orchard in order to make adequate
fertilization management decisions. Unless there are
known areas with different soil attributes or plant
performance, samples should be collected evenly across
the orchard. Samples coming from plots with different
peach cultivars or soil types should be kept separate and
amended based on the corresponding testing results.

Soil Sampling Procedure

Analysis of soil fertility is critical for developing an
appropriate nutrient management program. It is
particularly important to sample 6-10 weeks ahead of
planting to allow for adequate planning and initial nutrient
applications. Consider the soil test report carefully to help
determine the nutrient application rates, times, and
amendments, if any, required in the following seasons. The
necessary supplies are a soil auger (cylindrical or spiral
tool that digs for the soil sample), containers to mix
homogenously and obtain composite soil samples, and
paper sample bags (Figure 6).

Figure 6. Soil (A) and plant (B) sample bags for the collection
of samples.
Credit: Jonathan Clavijo-Herrera, UF/IFAS



The following steps are suggested for the proper collection
of soil samples:

1. For new orchards, perform soil sampling 6-10 weeks
before planting. For established orchards, collect soil
samples right after harvest. It is important to divide
the orchard into uniform plots, considering scion and
rootstock cultivars, soil type, irrigation regime, and
other characteristics important for the orchard, to
ensure the collection of representative samples
(Figure 7). Contact your local Extension agent or visit
the USDA-NRCS Web Soil Survey website to determine
the soil type in your location. If trees with deficiency
symptoms are observed, collect samples from the soil
around those trees and submit them to the laboratory
separately.

Figure 7. Illustrative aerial view of an orchard with three
different soil textures. Collect separate samples for each soil
texture.

Credit: Jonathan Clavijo-Herrera, UF/IFAS

2. Label the sample bags properly (Figure 6A). Itis
important to label sample bags clearly and include
information such as location, date, crop/cultivar, and
sample number.

3. Asoil auger, a bucket, and paper bags are needed for
soil sample collection (Figure 8A). Ideally, collect three
composite samples per acre. Each composite sample
will need five or more subsamples, from at least five
different trees. Place the auger 1 to 5 feet from the
trunk (depending on the size of the tree) to collect a
sample (Figure 8B). Collecting samples at a depth of 12
inches is suggested (Figure 8C).
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Figure 8. (A) Materials required for the collection of soil
samples. Suggested distance from the trunk (B) and depth (C)
are important factors to consider when collecting
representative samples.

Credit: Jonathan Clavijo-Herrera, UF/IFAS

4. To prepare each composite sample, put the
subsamples in the bucket (Figure 9A) and mix
thoroughly (Figure 9B). Then, place one fistful
(roughly 1 pound) of this soil mixture in a paper bag
(Figure 9C).

Figure 9. (A) Use the container to mix the individual
subsamples thoroughly, (B) collect 1 pound of the mixture,
and (C) put the sample into the previously labeled paper bag.
Credit: Jonathan Clavijo-Herrera, UF/IFAS

5. Ship the samples to your preferred diagnostic

laboratory. The UF/IFAS Extension Soil Testing
Laboratory (ESTL) at UF’s main campus in Gainesville
provides soil sample analytic services.

Plant Tissue Sampling Procedure

Plant tissue sampling is critical to determine if your
fertilization program has been adequately supporting a
healthy and productive orchard. Plant tissue samples are
the best indicator of the overall nutrient uptake capacity
and performance of the trees under the specific growing
and management conditions. Taking samples makes it
possible to apply corrective measures if required. For
peaches and other fruit tree species, the standard method
for plant tissue sampling is to collect mature leaves after
harvest (typically June in Florida). This method has certain
disadvantages, mainly due to the timing of the analysis,
which is late in the season and may not allow the
application of corrective measures to help the current
season’s crop. However, this remains the most widely
accepted method since it helps to prepare the trees for the
following season. To collect representative samples,
consider the following steps:


https://websoilsurvey.nrcs.usda.gov/app/
https://soilslab.ifas.ufl.edu/extension-soil-testing-laboratory/
https://soilslab.ifas.ufl.edu/extension-soil-testing-laboratory/

1. Divide the orchard into plots according to soil type,
plant age, rootstock cultivar, scion cultivar, irrigation
regime, and other characteristics specific to the
orchard (Figure 10). If trees have visible deficiency
symptoms, collect samples from those trees
separately.
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Figure 10. Illustration of an orchard with two fruit tree
cultivars. Collect separate foliar samples for each cultivar.
Credit: Jonathan Clavijo-Herrera, UF/IFAS

2. Label the paper bags for sample collection with the
location, date, crop/cultivar, and sample number
(Figure 6B). Using paper bags instead of plastic bags is
encouraged to avoid moisture accumulation and decay
of the collected leaves.

3.  Gather the newest fully expanded and mature leaves of
current season growth from the middle section of the
canopy for foliar analysis (Figure 11). Ideally, obtain
three composite samples per acre. Each composite
sample should consist of 40 to 50 total leaves obtained
from at least five trees, or 8 to 10 leaves per tree.
Select the trees for the composite sample following a
zig-zag pattern through the orchard (Figure 12). Place
the leaves in the labeled sample bags.

e . 2 sawl Nwestfly ’
Figure 11. (A) Collection of foliar samples in the orchard. (B)
Leaves selected for foliar nutrient analysis should be the
newest fully expanded and mature leaves from current season

growth, obtained from the middle section of the canopy.
Credit: Fariborz Habibi, UF/IFAS
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Figure 12. Suggested zig-zag pattern for the collection of foliar
samples in the orchard. The first and second columns of Xs
make up one composite sample, while the third and fourth
columns of Xs make up another, and the fifth and sixth
columns of Xs represent another.

Credit: Jonathan Clavijo-Herrera, UF/IFAS

4. Store the sample bags and keep them cool and dry
until shipment.

5. Ship the samples to your preferred diagnostic
laboratory as soon as possible. If immediate shipment
is not possible, drying the samples for storage is
suggested. The UF/IFAS ESTL provides plant tissue
testing services and instructions.

Conclusion

Nutrient sufficiency ranges are an essential tool for
assessing orchard health. Visual symptoms, particularly in
the leaves, can also indicate nutrient deficiencies.
However, a strong nutrient management program requires
making decisions based on solid information.
Consequently, regular soil and foliar sampling should be
performed in the orchard. Soil analysis is particularly
useful before planting, as it guides initial fertilization
practices and can help to implement amendments, if
required. On the other hand, foliar sampling should be
performed at least once a year to assess orchard health
and determine whether the current nutrient management
practices are adequate or require adjustment. These
guidelines provide a general framework to optimize
nutrient management and support the long-term
sustainability of peach orchards in the state.
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Table 1. Suggested nutrient deficiency thresholds and sufficiency ranges for peach leaf tissue (Layne and Bassi
2008).

Nutrient Deficient Threshold Sufficient Range

N (%) 2.20-2.40 2.60-3.50
P (%) 0.09-0.12 0.14-0.40
K (%) 0.75-1.00 2.00-3.00
Ca (%) 1.00 1.50-3.00
Mg (%) 0.10-0.30 0.30-0.80
S (%) 0.09 0.14-0.40
Zn (ppm) 10-20 20-50
B (ppm) 15-30 30-70
Fe (ppm) - 80-250
Mn (ppm) 20 40-200
Cu (ppm) 3 5-16
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