


Table 13.1. Nutrient elements in stone fruit

Level in leaves

Peaches and Nectarines Plums . oo
Range in  Mobility*  Occurrence

Deficient ~ Optimum Toxic Deficient ~ Optimum Toxic mature in of deficiency

Element below range over below range over fruit plant  in California
% % % % % % %
N 23 26-3.0 -t - 23-28 - 1.0-1.5 Med. Common
p - 0.1-0.3 - - 0.1-03 - 0.1-0.3 High Rare
K 1.0 Over 1.2 - 1.0 Over 1.1 - 1.5-2.5 High Occasional
Ca - Over 1.0 - - Over 1.0 - 05-.15 Low Unknown
Mg 0.25 Over 0.25 - 0.25 Over 0.25 - 05-15 High Occasional
Cl = - 03 - - 03 = High Unknown
S = - - - - - - Low Unknown
ppm ppom pon pom pom pom ppm

Fe 60 Over 60+ - - - - 20-80 Low Common
Mn 20 Over 20 - 20 Over 20 - 5-10 Med. Occasional
Zn 15 Over 20 - 18 Qver 18 - 10-20 Low Common
B 18 20-80 100 25 30-60 80 20-50 Low Rare
Cu - Over 4 - 4 Over 4 = 5-10 Low Rare
Mo - - - = = - = Med. Unknown

*Indicates ability to move from older leaves to developing leaves and fruit.

tData unavailable.
*Leaf samples need to be taken in April or May.

percent of the nitrogen is in the soil in organic form,
tied up in living organisms and decaying matter.
Under natural conditions, this form breaks down
slowly into ammonium ions. About 2 to 3 percent of
organic nitrogen is converted each year, an amount
usually insufficient to sustain vigorous plant growth —
so fertilizer nitrogen must be added.

The next step in the conversion of soil nitrogen,
from the ammonium form to the nitrate form, occurs
in two distinct steps involving two groups of bacteria.
The first step is from ammonium to nitrite and the
second step from nitrite to nitrate.

N]‘{4+ = NOZ_ = NO3_

These two steps, referred to as nitrification,
occur rapidly (within 2 weeks) under most soil and
environmental conditions. Both nitrite and ammo-
nium can be toxic to plants, so it is necessary to
understand the nitrification processes. (Actually, the
ammonium jon itself is not toxic, but it can be par-
tially converted to ammonia gas, which is toxic.)

Nitrification can be affected by temperature, soil
water conditions, soil pH, and the carbon-to-nitrogen
ratio in the soil. Optimum conditions for nitrification
occur at soil temperatures of 80° to 90°F (27° to
32°C), moderate soil water status, and a pH of 6 to 7.
The process is inhibited for a time when the carbon-
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to-nitrogen ratio of the soil is high, as when straw or
wood shavings are applied.

Nitrogen can be lost from the soil as a gas in
several different forms: ammonia gas, elemental nitro-
gen, and nitrous oxides. When ammonium fertilizers
are applied on the soil surface, the ammonium ion
can be readily converted to ammonia gas and lost to
the atmosphere. Therefore, after application, ammo-
nium fertilizers must be quickly incorporated. It is
also advisable to avoid using ammonium fertilizers on
alkaline soils. Under high pH conditions a greater
conversion of ammonium ions to ammonia gas occurs,
leading to a greater loss of nitrogen. Furthermore,
nitrite can build up because ammonium ions inhibit
the second step of nitrification. Not only is nitrite
toxic to plants but it can also be readily converted to
various forms of nitrogen gas and lost from the soil.

A second source of nitrogen loss in gaseous form
is termed denitrification. Here, nitrates are converted
to elemental nitrogen and nitrous oxides. Although
the process occurs naturally in soil, it is enhanced
under anaerobic conditions since the bacteria involved
use nitrates for an oxygen source when oxygen gas
(0y) is limited. Therefore, denitrification is much
higher under waterlogged and other anaerobic soil
conditions.

Another source of nitrogen loss is through leach-
ing. Generally, soil particles are negatively charged.



Therefore, positive ions (cations) are attracted to and
held by the soil and are not readily leached out with
water. Negatively charged ions (anions), however, are
repelled by soil particles and leach out easily. For this
reason, ammonium jons that are positively charged
do not move far into the soil, even with heavy irriga-
tions or rainfall. On the other hand, nitrates move
readily with water and can be leached from the root
zone in substantial amounts, especially in sandy soils.

All of these processes combined can account for
significant losses of soil nitrogen. Even with good
management, losses of 25 to 50 percent of applied
nitrogen have been reported. Therefore, careful atten-
tion must be paid to each process mentioned to mini-
mize loss and environmental contamination. A well-
managed, low-volume irrigation system can help
reduce nitrogen losses. First, water is applied more
uniformly to the field, thus reducing losses to deep
drainage and runoff. Second, nitrogen can be por-
tioned out in small amounts over a period of time and
consequently taken up much more efficiently by the
tree.

In the tree

Nitrogen exists in many different forms in fruit trees;
each has a separate function and each exists in widely
varying amounts. Nitrogen is mostly taken up in
nitrate form by roots. Some uptake occurs in ammo-
nium form but is probably small in fruit trees. Uptake
of nitrate requires energy; therefore, the roots must
be supplied with carbohydrates. Once in the plant,
nitrate is reduced to the ammonium form and then
incorporated into amino compounds. These com-
pounds, which include amino acids, amines, and
amides, are the form in which nitrogen is stored and
moved around the plant. Arginine, the most common
amino acid in peach trees, is the principal storage
form in the dormant season. Amino compounds con-
stitute about 5 percent of the total nitrogen in the
plant.

Most nitrogen in a growing plant is found in
proteins and nucleic acids. An estimated 10 percent
exists as nucleic acids and 80 to 85 percent as pro-
teins. These compounds play key roles in essentially
all the active processes occurring in plants. Proteins
function mainly as enzymes for such plant processes
as nutrient uptake, photosynthesis, carbohydrate move-
ment, and cell division. The nucleic acids, in RNA and
DNA molecules, constitute the genetic material of
plants. Obviously, nitrogen is vital to plant growth,
development, and reproduction.

Nitrogen is needed most where plant growth is
actively occurring, especially in those processes in-
volving cell division. Large quantities are also needed
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in seeds where nitrogen materials are synthesized,
moved around, and stored. Therefore, when various
plant parts are analyzed, nitrogen content tends to be
high in growing shoot tips, growing leaves, young
fruits, and seeds. It is also fairly high in mature leaves,
since photosynthesis requires a large quantity of
enzymes. It is important to note that nitrogen is not
particularly high in woody tissues or in the flesh of
fruit tissues near harvest. Fruits can be expanding
rapidly near harvest, but this is mostly a function of
cell expansion from water uptake, which does not
require as much enzymatic activity as the cell division
stage of growth. Therefore, large quantities of nitro-
gen applied to trees near harvest would not be expected
to directly affect fruit size.

Nitrogen is very efficiently remobilized in senes-
cing leaves. Approximately 50 percent is transported
out of the leaves before they abscise. This nitrogen is
then stored as arginine and other amino acids in the
shoots, branches, and roots. In spring, this stored
nitrogen is very important for the initial flush of
growth.

Deficiency, excess, and correction

Nitrogen is the only major element that must be
added regularly to typical stone fruit orchards in Cali-
fornia. Because detrimental effects can result from
either insufficient or excess amounts, only the opti-
mum amount necessary in a regular maintenance pro-
gram should be applied.

Deficiency symptoms are similar for peach and
plum showing pale green leaves near the terminal of
the shoot and yellow leaves at the base. In peach
and nectarine, leaf midribs and stems are character-
istically red (fig. 13.1). As the season progresses,
red and brown spots develop in leaves (fig. 13.2).
Shoot growth and leaf size are reduced, but not
nearly to the extent of zinc deficiency. Premature leaf
drop often occurs. Fewer flower buds are produced
and the resulting fruits are smaller and more highly
colored.

Correction is easily achieved with any nitrogen-
containing fertilizer (table 13.2). The form of fertil-
izer makes little difference in terms of supplying
nitrogen to the tree. Instead, the choice of material
should be based more on other considerations. For
instance, ammonium fertilizers are usually the least
expensive but are not available for root uptake until
converted to nitrate. They also lower the pH of the
soil and are subject to volatilization if not incorpo-
rated immediately. Nitrate fertilizers offer the advan-
tage of being immediately available for uptake by the
plant. Manure and other organic fertilizers improve
soil structure and water penetration by flocculating












become chlorotic and then necrotic, leading to a mar-
ginal scorch that is particularly evident in plums. This
necrosis eventually extends inward, leading to cracks,
tears, and necrotic spots. Terminal leaves are least
affected and defoliation of older leaves may or may
not occur. Both shoot growth and leaf size are reduced.
Fewer flower buds are produced and the resulting
fruit are definitely smaller. Fruit color in peaches is
poor, either lacking color or having a dull, dirty
looking, orange color.

Correction can be obtained with a soil applica-
tion of potassium sulfate shanked in to a depth of 6 to
8 inches. Five to 10 pounds (2.3 to 4.5 kg) of fertil-
izer per tree will bring about correction for several
years in sandy soils. In many fine-textured California
soils, higher rates are required since a large portion
of the potassium is “fixed” by minerals and clay par-
ticles. Potassium chloride and potassium nitrate can
also correct deficiency symptoms. However, potas-
sium chloride is not recommended in the San Joaquin
Valley because of chloride’s detrimental effects. The
nitrogen component must be accounted for when
applying potassium nitrate. Heavy applications may
supply more nitrogen than is desirable for good fruit
quality:

Potassium sulfate can also be applied through a
low-volume irrigation system to correct potassium
deficiency. Research on prunes indicates that correc-
tion can be achieved with approximately half the
recommended rates for conventional irrigation sys-
tems. The fertilizer can be applied at one time or
metered out through the season with no apparent
difference in response.

Calcium (Ca)
In soil

Calcium, abundant in most soils, exists in several
forms, including insoluble compounds and as Ca*+
ions. The ionic form accounts for a substantial amount
of the total calcium, either as adsorbed ions on
negatively charged soil particles (exchange sites) or
dissolved in the soil solution. As many as 80 percent
of the exchange sites in a typical soil can be occupied
by calcium ions. As these adsorbed ions are in equi-
librium with the ions in solution, calcium is generally
available to plants.

Having a substantial portion of the calcium in
ionic form also makes it subject to leaching. Although
it has a double positive charge and is, therefore,
bound tightly to negatively charged soil particles, it
can still be replaced by hydrogen ions (H*) or other
cations (Mg*t, K+, Nat). Applications of acids or salts
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to soils can therefore increase calcium leaching due
to acidification of the soil. Highly weathered soils
with low pH are generally low in calcium.

Adsorbed Ca*t is important for soil structure by
promoting the aggregation of soil particles. This
improves water and root penetration through the soil
and maintains the stability of soil particles.

In the tree

Where it is abundant in the soil, calcium is abundant
in leaves, since it is taken up passively by growing
roots (not requiring an energy source). Apparently,
only the region just behind the tips of a growing
root is capable of calcium uptake (unlike potassium
and phosphorus), so factors inhibiting root growth
also inhibit its uptake. Calcium moves almost exclu-
sively in the xylem with very small concentrations
being found in the phloem. Therefore, once in an
organ (such as a mature leaf), calcium is not readily
transported out, even during senescence. Fruit cal-
cium levels are low, since nutrients in fruit tissues are
supplied mostly by the phloem. For this reason, fruit
and leaf calcium levels are poorly correlated, mean-
ing leaf samples cannot be used to determine the
fruit's calcium status.

Calcium is involved in many plant processes,
including cell elongation, cell division, germination,
pollen growth, and senescence. One of its most
important functions is the maintenance of membrane
permeability and cell integrity. When it is deficient,
cells become “leaky” and lose control over the import
and export of nutrient elements, leading to tissue
breakdown. Due to its immobility, deficiency symp-
toms first appear in young tissues. This sort of tissue
breakdown also occurs commonly in fruit tissues,
since calcium levels are naturally low. In fact, more
than 35 calcium-related disorders have been identi-
fied in fruits and vegetables. These disorders often
develop with poor root growth rather than because
of inadequate calcium supplies. Such disorders among
fruit crops have mostly been related to apple and
have not been verified for peach, plum, and nectarine.

Deficiency

Calcium deficiency in peach, plum, and nectarine has
never been documented in California. From sand cul-
ture experiments and a few field reports from other
states, deficiency symptoms have been described.
These include reduced shoot growth, due to shortened
internodes, followed by twig dieback and defoliation.
Chlorotic patches often develop on leaves before
abscission occurs.





























