Orchard Nutrition and Soil Management

Readings: Stiles and Reid, Inf. Bull. 219, Cornell Coop Ext.; Faust, 67-132.

For background see Peterson and Stevens (1994), "Tree Fruit Nutrition: a comprehensive manual," Good Fruit Grower Publ. 211 pp. (subsequently abbreviated P&S)

 

1. Trees use nutrients efficiently, recycle from year to year, are deep rooted, have remarkably high harvest index once orchards are established, should be great for soil and water conservation.

A. Ten nutrients most often deficient and applied (Table 1.2, from P&S).

-Macronutrients (% dry weight) vs. micronutrients (ppm dry weight)

B. Fertilizers are often used inefficiently, and agrichemicals have contaminated groundwater in several major fruit production regions (e.g. Central Valley of California)

-Orchards often located on well-drained upland soils near large lakes and rivers

-High crop value and countervailing market standards (bigger is better)

-Fertilizer companies diagnosing needs, making grower recommendations

-Negative impacts accumulate slowly and are not readily apparent.

C. Liebig's law of the minimum: There is always some limiting nutrient, so just add more!

D. Providing more nutrients than trees need is no longer "cheap insurance"

E. Problems with excessive N fertilizer:

-Contaminates groundwater (especially in field crops on deep soils or shallow aquifers)

-Wastes money and energy (80% of N fertilizer cost is energy for Haber-Bosch fixation)

-Creates other nutrient deficiencies (Ca, Fe, Cu, Zn, B)

-Makes foliar pests, diseases, and weeds more difficult to control

-Delays fruit maturity and decreases fruit color, firmness, and varietal taste

-Increases pruning costs and tree training problems, delays yield

-Acidifies the soil, creating other nutrient deficiencies (Table & Fig. 3.3-5, P&S). Urea and ammonium N-forms especially acidifying, release H+ during mineralization

-Many other problems already discussed (???)

F. Problems with excessive or badly timed macro/micronutrient fertilizer applications

-Too little and too much are both potential problems for micronutrients (Cu, Zn, B)

-Toxic concentrations in plant tissues only slightly above optimal ranges

(Table 1.2 and Fig. 1.3, from P&S). Why is toxicity slope steeper? -Negative interactions for root uptake and transport of similar charge or size ions Mg vs. K, Mg vs. Ca.

G. Other interactions and fertilizer effects:

-High P concentrations decrease Zn and Cu uptake (possibly mycorrhizal)

-The "tissue dilution effect" as different limiting nutrients become more available

-Trans-membrane potentials affect nutrient uptake, need charge balancing counter-ions

e.g. Ca++ 2NO3- and NH4+ NO3- (Table 3.1, P&S)

-Cationic nutrient forms compete for limited exchange sites on soil colloids and O.M.

-In acid soils, H+ forces other cations off the C.E.C., leaches out essential nutrients,

and increases Mn or Al toxicity problems in trees (Fig. 22, Ramos; Table 3.4, P&S)

 

2. Soil water, irrigation and fertigation

A. Irrigation increases nutrient availability when properly used

-Mass flow, diffusion, and/or root interception

-Wetting/drying cycles release nutrients, promote N-mineralization by microflora

-Yearly variation in nutrient uptake in non-irrigated orchards (Fig. 2.15, Faust)

-New root growth to nutrients in less-depleted soil zones (especially K, P, Zn, Cu)

-Most macronutrients move by mass flow and diffusion (both promoted by irrigation)

B. Excessive irrigation (or rainfall) decreases nutrient uptake

-Insufficient oxygen for active nutrient uptake in saturated soil

-Anion nutrient forms (N, P, B) leach readily out of well drained soils

-Cationic nutrient forms released C.E.C. by mass action, more release in wet soil

-Saturated soil is reducing environment, can reduce N, Fe, Ca, P, Zn, Cu availability

C. Fertigation used increasingly in high density fruit plantings (Tables 20.1-2, P&S)

-Provides what's needed, when it's needed, with minimal leaching or runoff

-Water concentrates tree roots in same zone as nutrients. Efficient, but irreversible?

-Better micronutrient uptake than soil placement, but not as good as foliar applications

-Hydroponics technology extended to field. Salt balance, precipitates, other problems

-Methods and response affected by soil texture and depth.

 

3. Soil organic matter and nutrient availability (Fig. 22.1, from Ramos)

-Soil OM provides substantial C.E.C. as weak chelates for Zn, Cu, Fe, other cations

-Aggregation of soil particles by OM improves aeration, drainage, and water retention

-Oxidation of soil OM is primary sustainable source of labile N (effects of tillage??)

-Sods, cover crops, biomass mulches, no-till systems best for soil OM (Table 3.5, P&S)

 

4. Nutrient balance approach: Provide only what's really needed, determined by crop & soil type

A. [Soil release + tree recycling + soil recycling - leaching & runoff loss - removal in harvest] = annual fertilizer needs. (Table 4.3 and Fig. 1.7 from P&S)

B. What about short-term deficiencies? Seasonal timing of nutrient uptake or loss

-Root uptake or recycling of nutrients from storage tissue in late spring & early summer (Figs. 1.2 and 1.6 from P&S)

-Current year uptake of N goes mostly to late summer shoot growth & next year's crop

-Leaching and runoff loss of labile nutrients (nitrate, phosphate, K, Mg, B) greatest in dormant season. "Relay cover crops" can minimize these losses, recycling to trees.

-Nitrogen volatized from saturated soils (denitrication bacteria)

-If fertilizer applications coincide with high crop demand, little leaching or runoff

-Swiss vineyard research (Keller et al.) and California walnut orchards (Weinbaum et al) precise times of N-deficit, and groundcover systems to tie up N,P, K for rest of year

 

5. Soil vs. foliar applied fertilizers

A. Macronutrients usually applied to soil, based on soil and leaf analysis

-Urea, calcium nitrate or chloride, potassium nitrate, magnesium sulfate can be applied to foliage as short-term fix.

-Foliar sprays vs. post-harvest fruit drench for fruit problems such as bitter pit and storage scald and breakdown.

-Use cheapest form of N for soil. "Balanced fertilizers" (N-P-K) not usually necessary

-Consider soil pH and buffering capacity, use least acidifying when necessary

-Dolomitic lime (Ca:Mg in 5:1 ratio) or Sol-Po-Mag (sulfate of potash magnesia) advisable when pH is low, Ca, K and Mg required

B. Some nutrients (Ca, B, Cu, Zn, Fe) are relatively immobile within trees, or move only at certain times of the growing season.

-Foliar applications can move sufficient (ppm) amounts into fruit, other growth points

-Chelates (e.g. EDTA) usually more effective at moving micronutrients through cuticle

-Mineral salts (CuSO4, ZnSO4) less expensive, also less effective. Tank mix problems!

-Post-harvest and pre-bloom applications safest, less russeting and other fruit damage -Transient B deficiencies can prevent fruit set, Zn or Cu deficiencies in alkaline soils

-Pre-bloom foliar B, Zn sprays may be useful to compensate for winter injury to buds, and promote better pollen tube germination through stylar tube to ovules

-EBDC and fixed copper fungicides provide some Zn, Cu, or Mn.

-Leaf-surface residues of micronutrients can make foliar analyses unreliable.

 

6. Rootstock effects on nutrient uptake and partitioning within trees.

A. Dwarfing rootstocks

-Increase the harvest removal of nutrients from orchard, should be considered

-Generally permeate and utilize less of soil volume

-More likely to have N, K, Zn, Cu, Ca deficiencies in high-density orchards.

B. Rootstocks adapted to acid, alkaline or saline soils.

-Important differences for Pyrus, Prunus, Vitis, and Juglans. Check references! Background information about the essential plant nutrients

MACRONUTRIENTS

NITROGEN

1.Sufficiency range 1.8 to 3.0% (dry wt.), deficient < 1.5, depending upon species, variety.

 

2. Most common limiting nutrient in fruits and other crops, due to:

a. High removal from orchard in crop

b. Poor farming practices depleting soil N reserves (mainly organic matter, biomass)

c. Dependence upon soil moisture and temperature conditions for release and uptake

d. Weak retention of N in soils, since anion NO3 leaches readily, and NH3 volatizes

e. Intense competition from soil microflora, for which N is also major limiting factor

f. Breeding and selection for high vigor plants, with high harvest index of proteins.

g. Rough rule of thumb: 30g actual N for each year of tree age, up to ten.

 

3. Roles in plant--in all amino acids, enzymes, chlorophyll, seeds, nucleic acids, etc.

a. Deficiency symptoms are pale yellow-green foliage, small leaf area, depressed shoot growth, poor fruit set and return bloom, and high C/N ratios in fruit and foliage.

 

4. Large storage reserves in woody parenchyma of shoots and roots, and buds.

a. Carryover from one year to another appreciable, complicating analysis of supply.

b. Early spring and summer growth almost entirely dependent upon previous growing seasons N uptake and storage, as is bloom.

 

5. Main sources in soil are plant residues, organic matter, fixation by legumes, lightning.

 

6. Uptake by roots is rapid, very efficient, but dependent upon carbohydrate supply.

a. NO3- balances cations, requires reductase for assimilation either in roots or shoots, more readily available.

b. NH4+ is fixed on clay colloids and less readily available, but retained longer in soil.

 

7. Nitrogen runoff or leaching to groundwater is major problem, may profoundly alter the ways we supplement N in near future for orchards as well as other crops.

 

SULFUR

1. Rarely deficient, due to acid rain. Range of 1-2% (?). Symptoms look like low-N.

 

CALCIUM

1. Sufficiency range is 1.1-2.5%, deficiency symptoms in foliage when Ca < 0.4%

 

2. Rarely see foliar symptoms of Ca deficiency in the field, but fruit disorders linked with low Ca are common. Can be applied by foliar sprays or postharvest fruit dips in CaCl. Low-Ca fruit disorders include bitter pit, premature breakdown, tendency to bruise.

4. Cheapest source of Ca is in limestone, but slow to dissolve and move into root zone.

Should consider orchard Ca needs preplant, to provide for 25 year needs plus pH adjustments: Apple crop removes 100-150 kg/ha-yr, hence can need as much as 2500-3800 kg Ca /ha preplant to provide for orchard needs.

 

5. Roles in plant are diverse. Forms Ca-pectate bridges in middle lamella, important in physical strength and cellular membrane integrity, also disease resistance.

 

6. Relatively immobile within trees, Ca tends to go to strong sinks within tree, and most enters fruit during early summer phase of cell-division development.

 

8. Negative interactions between K, Mg and Ca. Optimum ranges involve ratios of each.

 

POTASSIUM

1. Sufficiency range is 1.3-1.8%, with deficiency symptoms < 1.0%. Leaf scorch and marginal necrosis are common symptoms with extreme shortfalls, but growth, and fruit size impaired even at marginal K deficiency levels.

 

2. Very common limiting nutrient in tree fruits of humid climates, where K+ is leached from soils. Also removed in very large quantities by crop harvest, requiring as much as 400 kg/ha supplied annually by soils (1% K in fruit times 40,000 kg fruit/ha harvested).

 

3. Sources in soil are plant litter residues, weathering of parent materials, and interlayers of common clays, which sandwich K and release it during wetting drying cycles as they hydrate and swell. Soils low in 1:2:1 clays are usually deficient in K, especially coarse textured soils where K rapidly leaches below root zone.

 

4. Fertilizer sources include KNO3, sulfate of potash-magnesium (good when both Mg and K are low, to avoid competitive interactions between the two cations), and KCl (which can cause Cl toxicity in some sites on some fruit crops).

 

PHOSPHOROUS

1. Sufficiency ranges from 0.10-0.25% in foliage, deficient < 0.08. Symptoms of deficiency are purple veins, stunting of roots and shoots.

 

2. Common deficiency in many crops, but not often in fruit crops.

a. Reason may be vesicular arbuscular mycorrhizae (VAM) which are common in natural soils, and colonize roots in low P soils, indicating that some cue or stress signal of tree roots induces fungi to penetrate roots. Relationship symbiotic, appears to increase both P and Zn uptake, while costing the trees some amino acids and carbohydrates.

 

3. Functions of P in trees are numerous. A constituent in pyrophosphate anion PO4, essential source of energy in most celluar processes, formed in mitochondria, chloroplasts. Also in nucleic acids, phospholipids of cell membranes (hence deficient P can affect fruit storagability).

a. Cells can store large amounts of P in available forms, explaining rarity of deficiencies.

 

4. Soil reserves are extensive in many parent minerals, but often not readily exchanged, as when semi-permanently bound as Ca-hydroxyapatites, or fixed on amorphous clays (tropical soils high in these clays, often very low in available P).

a. Soil pH greatly influences P availability, which is maximal around 6.5 pH.

b. Organic matter is also relatively high in available P.

 

5. General approach is to provide for tree P needs by soil pH adjustment and deep incorporation during preplant site preparations.

 

6. Phosphates are the nutrient most often limiting growth of cyanobacteria and algae in freshwater ecosystems. Thus runoff of agricultural P fertilizers into lakes and streams is a serious environmental problem, leading to eutrophication and poisoning of aquatic ecosystems. Use on fruit crops except at preplant is thus rarely justified.

 

MAGNESIUM

1. Sufficiency range from 0.3-0.5%, with deficiency < 0.2. Symptoms are necrotic spots between veins of older leaves, yellowing of spur leaves, and excessive drop of older leaves and fruit. Symptoms caused by remobilization of Mg from older to younger, growing tissues is tree.

 

2. Roles include activation of enzymes, in particular RUBISCO in dark reaction of CO2 fixation, structural component in chlorophyll, as a cofactor in ATPases, as a bridge unit in ribosome structure.

 

3. Mg is much more mobile than Ca, and has many apparent roles as a divalent cation in charge balance, and ATP transport.

 

4. Soil reserves are in parent materials, and on the clay colloids, where it is readily exchangeable. Mg leaches rapidly from most soils, and is frequently deficient.

 

5. Fertilizer sources are dolomitic limes (with some Mg in place of Ca with the carbonate) and sulpomag, which is the recommended source in soils where both Mg and K are low: both must be increased simultaneously under deficient conditions.

 

6. Mg is most often low in acidic soils, and dolomitic liming will correct both the pH and Mg problems, but slowly.

 

7. The quick way to boost Mg in deficient orchards is MgSO4 (epsom salts) mixed in with the cover sprays. This can help improve fruit retention in varieties of apple prone to premature fruit drop (e.g. McIntosh).

 

MICRONUTRIENTS

 

MANGANESE

1. Sufficiency range is 50-350 ppm. Deficiency < 25 ppm, with symptoms including dark green shadows around leaf veins, with paler interveinal areas.

 

2. Roles include cofactor in photosystem I in chloroplasts. Also essential for superoxide dismutase, which prevents injury by incidental radicals formed during light reactions.

a. Readily goes from Mn++ <-> Mn+++, which explains its important function in many redox reaction in cellular metabolism.

 

3. Rarely deficient in soils, unless pH is too high. Actually, more often have toxicity problems from too much Mn++ in waterlogged or low pH soils. Causes bark "measles" and other necrosis symptoms in toxic concentrations. Usually corrected by liming.

 

4. Common in EBDC fungicides, which often produced very high but nonsensical leaf analyses. May see more deficiencies without these fungicides.

 

IRON

1. Sufficiency range is 50-350 ppm, deficiencies < 35 ppm, including interveinal yellowing or chlorosis near shoot tips, and weak growth.

 

2. Roles in tree involve cytochromes, redox chemistry linked with reversible Fe++/+++ transition. Also part of chlorophyll molecule, heme proteins, catalase and peroxidase enzymes (important in detoxification of metabolic byproducts).

 

3. Iron is abundant in many soils, but its oxidation state and solubility are closely linked with pH, so that at low pH ranges there may be too much Fe, causing toxicity, while at pH above neutrality many fruit crops can show signs of "lime induced chlorosis" which is iron deficiency.

a. Actual concentration of Fe-oxides and hydroxides in soil solutions is very low, but the roots of plants exude organic acids which act as chelators and/or acidifiers, thereby taking up needed Fe. The ability to produce these Fe-uptake promoting compounds is environmentally inducible, but genetically determined within the rootstock, so that some fruit-tree clonal rootstocks are much more effective at Fe uptake in high pH soils.

b. Usually peach, pear, sweet cherry and plum are more prone to lime-chlorosis than other fruit tree species. For sensitive species, need to match the rootstock types to sites/soils.

 

BORON

1. Desired range is 30-70 ppm, with deficiency common < 25 ppm, varying among fruit crops. Symptoms of even transient deficiencies can include total loss of the crop, due to internal necrosis of fruit. During bloom and pollination, B is especially critical, since it appears to promote more rapid pollen-tube germination in the styles.

 

2. Other roles are not well understood, but appear to involve transport of sugars into the fruit, bridging complexes with carbohydrates in the cell walls, and regulation of carbohydrate shunting through the pentose phosphate pathway instead of glycolysis. Insufficient B in cells appears to increase synthesis of phenolic acids and lignins, leading to excess accumulations and autotoxic events such as lysis of cells.

 

3. Main reserves in soil are borate salts, and some soils in xeric areas or volcanic regions have excessively high levels of B, causing toxic accumulations in fruit trees. The range between sufficient and toxic tissue concentrations is little more than twofold, so boron fertilizers, or irrigation water with high boron levels, must be used sparingly.

 

4. Trees have low internal B reserves, so transient deficiencies can occur easily, and consequences are catastrophic. Borates commonly have been leached from humid zone soils low in OM, hence are added as borate salts either to soils, or in foliar sprays around bloomtime and during fruit development.

 

ZINC

1. Sufficiency range of 25-100 ppm, with deficiency <12 ppm. Symptoms are "little leaf" and "blindwood," with reduced internodal elongation causing a rosette phyllotaxy.

 

 

2. Roles include several essential metalloenzyme complexes including superoxide dismutase, alcohol dehydrogenase, and RNA polymerase. Acts as a coenzyme. May be essential for IAA synthesis, thus explaining rosette deficiency symptoms.

 

3. Soil reserves are mostly complexed with organic matter, so that deficiencies are most common in low-OM soils, or at fairly high PH ranges. Negative interaction with P in soils, such that high P sometimes linked with Zn deficiencies, which might be due to the role of VAM fungi in uptake of both nutrients.

 

4. Zinc deficiencies are fairly common in apple and cherry orchards, and can be corrected by soil amendments with ZnSO4, and/or more often by Zn-chelate foliar sprays.

a. Since Zn is also included in several fungicides, high leaf levels upon analysis may be an artifact of spray residues.

 

COPPER

1. Sufficiency range is 5-50 ppm, deficiency < 4, with symptoms including shoot dieback blackleaf, ragged leaf margins, poor fruit set and retention.

 

2. Roles as cofactor in cytochrome oxidases, plastocyanin enzymes in photosynthetic systems.

 

3. Little or no reserves in cells, hence deficiency can occur quickly, especially in vigorously growing trees in soil low in OM, and/or high pH.

 

4. Copper occurs in many fungicides (e.g. Bordeaux Mix, fixed coppers), and these may be sufficient to provide for needs of tree, but can also invalidate leaf analyses. When lacking, Cu must be applied in dormant sprays, since it is phytotoxic to leaf tissue and fruit later in season.

 

MOLYBDENUM

1. Essential in nitrate reductase enzyme. Almost never deficient except under lab conditions, or in certain high demand crops, such as legumes.

 

CHLORINE

1. Essential in chloroplast photosystems, and as a soluble charge balancing anion elsewhere in the tree. Very rare to encounter deficiencies in the field, more likely to be present in toxic concentrations in saline soils or irrigation districts.
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