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Our primary role as landscape stewards is to build system health. Embracing 
forest edge ecology is an important starting point for biological advantage. 
Equally apropos are fascinating ecosystem connections that keep insect 
challenges far more manageable. We’ll examine dynamics like beneficial 
accumulators, pollinator habitat, spider allies, even how plant growth cycles 
suggest particular task timing to enhance these connections. Holistic methods 
are about deep nutrition and competitive colonization along with organically-
approved approaches to achieving pest balance. 
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Ramial Wood Chip Primer 
There are white rots and there are brown rots related to decomposition. The first support 
a deciduous environment; the latter deal with high tannin content and thereby define the 
evergreen forest. Let’s talk about ramial wood chips as the main course for feeding 
mycorrhizal and saprophytic fungi in an orchard food web that in turn supports our trees. 
 
Defining Ramial Wood 

• Consists of twig wood less than 7 centimeters in diameter—being not much more 
than 2½ inches around at the large end of the branch  

• Species for chipping should mostly be deciduous, as here lays the soluble lignin 
advantage use by white rots to produce humic and fulvic acids 

• Coarse pieces are preferable, including the prunings from fruit trees. 
 
Understanding Ramial Nuance 

The proportion of essential twig nutrients in wood chips increases as average branch 
diameter decreases. Nitrogen, phosphorus, potassium, calcium, magnesium, and so 
forth are found in the green cambium and bud tissues where leaf photosynthesis 
production and root nutrition come together to make a tree . . . which we in turn can 
redirect to build ideal soil in our own orchards to make fruit trees. 

Size of the branches being chipped matters yet again when we consider the 
immediate impact on soil life. The carbon-to-nitrogen ratios in ramial-diameter wood 
average on the order of 30:1, going no higher than 170:1 as we consider the larger end 
of the recommended branch. These C:N ratios rise dramatically in stem wood, running 
400:1 to as much as 750:1, thereby creating that soil dynamic where nitrogen becomes 
unavailable to the plant until such “log mulch” has significantly been broken down. 

Soil fungi are adept at creating humus from a lignin source. Most agricultural soils 
(other than the prairie grasslands) are of forest origin: Soil that has been built from the 
top down through fungal action undergoes humic stabilization—such soil has staying 
power and maximized nutrient recycling. Fruit trees belong in such soil. Ongoing soil 
health results from soil structure being managed by soil organisms. Fungal hyphae 
physically bind soil particles together, creating stable aggregates that help increase 
water infiltration and the soil’s water-holding capacity. This accumulation of acid-rich 
organic matter as humus results from the decomposition of ramial wood chips. 

Decomposing fungi can be classified into two subgroups. The white rots use 
enzymatic chemistry on lignin-rich hardwood to produce fulvic and humic. The brown 
rots transform softwood cellulose to produce polyphenols and allopathic compounds 
specifically relied upon by evergreen species to suppress deciduous species. 

 
Practical Applications of Ramial Wood Chips 

• A mixed chipping containing no more than 20 percent softwood will favor white 
rots and thus can be spread freshly chipped. 

• Steer away from solely softwood wood chips for orchard purpose. That said, 
aging a homogenous pile for a year overturns the allopathic impact of brown rots. 
Mix with mature compost to create rich woodsy mulch for berry plantings. 

• Diversity is always good. Dump ramial wood chips thickly in piles on different 
sides of bearing trees over the years. Young trees can be ring mulched. 
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Orchard Fertility 
Rational Ratios for Health 

BASIC SOIL VALUES 
Seems like a whole lot of shaking going on here with this soil testing business, eh? Each 
orchard soil has parameters established around organic matter content, cation exchange 
capacity, and the geological reality of the place you be. 
Some simple basic values can be articulated for those not quite ready for the full monty 
of soil considerations. Keep in mind that these generalized guidelines aren’t necessarily 
as optimal as it gets for a particular situation. The purpose here is simply to give your 
trees “ground to stand on” with a reasonable chance of success. 

• Get that pH in the 6.3-6.7 range. 
• Do this in the context of cation balance based on the CEC number for your soil. 
• Organic matter fuels the biology. Get OM to 3% at a bare minimum. 
• Phosphate and potash readings on a CEC test of at least 200# of each  

This checklist defines clear goals for the soil build-up phase in preparing your home 
orchard. Organic methods are not going to work as well if the basics of mineral 
nutrition in your soil are not up to snuff. 
 

Here’s the ace up the sleeve offered by vibrant soil biology: 
Mineralization is a two-way street. Those soluble nutrients produced 
by the microbes but not taken up immediately by the roots go right 
back into the next generation of microbes. There’s rhythm here—a 
responsive beat—a tidal sensibility even. Plant roots in turn exude 
carbon that keeps microbe diversity and the 
immobilization/mineralization balance humming right along. It’s this 
nature of the life portion of the soil that introduces and enforces the 
whole concept of balanced nutrition as opposed to the overstocked 
flooding of the reductionist chemical approach. 

Soil Testing 
Our role in starting an orchard is simply to check that pantry basics are essentially in 
balance. A soil test emphasizing biological parameters is the tool by which to gauge this. 
Certain soil amendments will likely be called for to achieve a proper starting gate for the 
biology. 

Organic Matter 
A diverse understory of plants is the principal means of replenishing organic matter from 
one growing season to the next. Orchard compost and/or a variety of haphazard 
mulches contribute here as well. The soluble lignins in ramial wood chips fuel the biology 
to produce the best type of organic matter of all: Stable humus provides for long-term 
nutrient storage that will be expressed as cation exchange capacity (CEC) on soil tests. 
Humic and fulvic acids made available through “humus banking” are what improve 
micronutrient assimilation across the board. 
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Cation Balance 
Magnesium serves to pull soil particles closer together whereas calcium will spread the 
particles further apart. See where we’re going with this? Slightly more magnesium is 
called for in a porous soil whereas clay requires higher levels of calcium to improve 
drainage and aeration. The percentage of base saturation for each of these elements 
provided on a soil test is how we compare the relative levels of each. The Ca:Mg ratio 
for a sandy soil can be targeted at 5:1 (noting the structural need for magnesium may 
skew this even lower). This same ratio for the soil of your dreams—that fine textured 
loam—should be close to 7:1. The heaviest clay soils benefit from even more calcium, 
so now a slightly higher Ca:Mg ratio becomes appropriate. The calcium pushes soil 
particles apart—that’s good for clay. The magnesium pulls soil particles together—that’s 
bad for clay but ever so good for sandy soils that lose water too quickly—which is when 
a higher proportion of magnesium is desirable. You determine which ratio range to use 
based on where the CEC number falls for your soil. 
 
Potassium enters in here as well, tagging along on the heels of calcium at no greater 
than a 14:1 ratio. The percent base saturation numbers that represent “cation balance” 
for loam soil with respect to Ca:Mg:K are on the order of 70:12:4-5. These numbers shift 
for sandy soil to more like 65:16-18:3-4 and for heavy clay soil to more like 76:10:4-5. 

Phosphorous – P  
Phosphate (chemically notated as P2O5) requires time to get functioning organically. 
Ecological ag people have suggested that a phosphate-to-potash ratio of 2:1 is 
necessary to sustain crop refractometer readings above 12 brix (this being the measure 
of soluble solids in plant tissue indicative of overall health). Yet often the reverse is true 
in most biologically-managed soils, as potassium levels are constantly renewed by 
decomposing organic matter. Indigenous soil properties vary widely across the North 
American continent as well. Getting the P:K ratio to toe the line nearer to 1:1 can be 
challenging enough. 

Potassium – K  
Potassium is needed to renew what has gone into the fruit and to increase tolerance to 
winter cold and spring frosts. This mineral also strongly influences fruit color and fruit 
size. A huge heaping of organic matter, whether through generous composting and/or 
aggressive mulching, may nudge potassium levels too high relative to Ca and Mg, 
especially in dryland soils. Orchardists with shallow soils are the ones most likely to run 
short on the K score. Potash (being potassium oxide, KO2) is often used to refer to 
various mined salts that contain the element potassium in water-soluble form. 

Micronutrients 
The essential soil nutrients that plants need in very small amounts are iron (Fe), 
manganese (Mn), boron (B), molybdenum (Mo), copper (Cu), zinc (Zn) and chlorine (Cl). 
These micronutrients are sometimes referred to as trace minerals. Soil tests may reveal 
a strong need to supplement one or two of these throughout certain regions—that can 
be done—but for the long haul I prefer using broad-source “soil condiments” in my 
orchard and garden compost on an ongoing basis. 
 

The soil food web in all its diversity and complexity trumps 
reductionist soil chemistry many times over! 
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Allies for Balancing Insect Dynamics 
     Wide-ranging notes meant to inspire greater biodiversity! 
 
Pest population can be repressed by adding plants that attract beneficial insects. 
Designate as much as ten percent of the landscape for these so-called beneficial 
accumulators. Continuous bloom is important—many beneficial adults will not stay if 
flower nectaries and pollen are not available. The following groups of flowering plants 
are especially valuable: 1) the daisy family, such as aster, cosmos and yarrow; 2) the 
carrot family, such as cilantro, dill, fennel, parsley and wild carrot; 3) alyssum and other 
members of the mustard family; and 4) mints. Sweet cicely, valerian, and native plants 
like Joe Pye Weed and Milkweed are stalwarts as well—anything with clusters of very 
small flowers is happy. Let rhubarb bloom and you will discover a universe of tiny wasps. 
 
Ignore advice to remove all spent vegetation at the end of the season. If you know a 
particular pest will overwinter in certain debris, yes, go ahead and remove it. But if not, 
leaving debris is better because beneficials will seek shelter here. Bunch grasses and 
clumping perennials such as comfrey provide especially vital winter shelter. 
 
Predators consume pest insects as food. 
"Hover flies" are so named because of their flight behavior. Syrphid flies are brightly 
colored with yellow and black stripes, often mistaken for bees. The female lays several 
long, single, whitish eggs on foliage or bark through mid- summer, usually among aphid 
colonies, five to seven generations per year. Larvae feed on aphids by piercing their 
bodies and sucking out fluids. They may also feed on scales and caterpillars. Adults are 
attracted to all sorts of composite flowers and buckwheats. 
 
Ladybird beetles are very efficient predators of aphids, scales, and mites. Eggs are laid 
on the undersides of leaves, usually near aphid colonies They are typically yellow, 
spindleshaped, and standing on end. The larvae resemble miniature alligators. Plants 
with nectar-producing glands (apart from the flowers) are an important supplemental 
food source for lady beetles, especially in early spring. Plants with such extrafloral 
nectaries include peony, elderberry, vetch, willow, and stone fruits. 
 
Lacewings are green or brown insects with net-like, delicate wings, long antennae, and 
prominent eyes. The larvae are narrowly oval with two sickle-shaped mouthparts that 
pierce prey and extract fluids. Lacewings overwinter in cocoons, lodged inside bark 
cracks or in curled leaves on the ground. Lacewing larvae hunt their prey which consists 
largely of aphids, leafhoppers, scales, mites, and eggs of moths. Larvae of some 
species cover their bodies with trash or debris for protection. 
 
Many species of "true bugs" feed on plants (think tarnished plant bug), but a number of 
these are predators of insect pests. The ones most likely to be seen are damsel bugs, 
minute pirate bugs and assassin bugs. These predators use their mouth, or “beak,” to 
pierce and consume prey. Many species are arboreal … making these guys a front line 
tree defense. 
 
Adult ground beetles are elongate, usually flattened beetles that vary greatly in size (3-
85 mm) and color. They are usually dark brown to black, but many species are yellowish 
or reddish-brown with blue, green, or copper metallic hues. They dwell under stones and 
debris on the soil surface or in burrows in the soil. Both larvae and adults are nocturnal 
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and predaceous. Their prey consists of a wide range of soft-bodied arthropods and soil-
seeking pupa. Adults live for 1-3 years and produce a defensive secretion from 
abdominal glands that may act as an aggregative pheromone 
 
Parasitoids use pests as nurseries for their young. 
Braconid waspss number nearly 2,000 species throughout North America. Adults are 
less than half an inch long, with narrow abdomens and long antennae. The females lay 
eggs inside or on host insects; the maggot-like larvae then consume the prey. All 
caterpillars (including tomato hornworms), flies, beetle larvae, leaf miners, true bugs and 
aphids are at risk. These nonstinging wasps feed on nectar and pollen as adults. 
 
Tachinid Flies are the workhorse of parasitic flies. Most resemble houseflies but with 
short, bristly hairs on the abdomen. All develop as internal parasites of other insects. 
Usually, the adult female attaches its egg to the host insect, which is then consumed by 
the larva, but there are several other patterns: eggs laid on host, eggs laid into host, 
eggs laid on foliage to be eaten by host, live larvae laid on or near host, and live larvae 
laid into host. Should you ever see eggs on the thorax of a Japanese beetle, leave it be 
and anticipate a gruesome end! 
 
Dolichopodids are small (4-9 mm), slender flies, that are usually brilliantly colored with 
metallic hues of green, blue, copper, gold, and silver. These flies occur in diverse 
habitats—larvae are commonly found in moist soil and under tree bark, with adults 
abundant near streams favoring the tree canopy and tree bark. Both larvae and adults 
are predaceous on many other insects and small arthropods. 
 
Spring Tiphia wasps specifically hunt for Japanese beetle grubs, lured by scent alone 
to tunnel into the soil to lay a single egg onto the beetle’s larval membrane. Each female 
wasp parasitizes 1–2 grubs daily in this manner, and can lay a total of between 40 and 
70 eggs over her lifespan of 30 to 40 days. You encourage the right tiphiid species by 
providing adult habitat like spirea, forsythia, and peonies. 
 
Spiders catch pests with all sorts of innovative tactics. 
Wolf Spiders are large (6-13 mm), mainly terrestrial spiders, that inhabit dark, moist 
habitats in the fungal duff. They do not spin webs, but excavate shallow nests, or deep 
burrows, which are lined with silk. Species of lycosids are both diurnal and nocturnal, 
and hunt their prey, primarily insects, detected by sight and motion. Eggs are laid in the 
soil and protected by the female, which also protects the spiderlings when they emerge.  
 
Trochosa terricola is a large (8-11 mm) brownish or brownish-red spider, with lighter 
lateral and median, dorsal markings. A pair of dark stripes within the median markings 
are characteristic of the genus. Trochosa terricola does not burrow but lives under logs, 
stones, and debris on the soil surface, and is nocturnal in habit. These spiders tend to be 
sedentary and depend on sight, movements, and substrate vibrations to detect prey, 
which consists of insects and other arthropods. 
 
Crab spiders do not build webs to trap prey but rather are ambush predators. Some 
species sit on or beside flowers, where they grab visiting insects, even taking on the 
color of the blossom being protected. Some species frequent promising positions among 
leaves or bark, where they await prey, and some of them will sit in the open, where they 
are startlingly good mimics of bird droppings.
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Beneficial Mathematics 
Natural predators are too often judged to be insufficient at providing complete control of 
a pest problem. What an appropriate moment to say poo pah! Dismissing helpful allies in 
the orchard ecosystem for not providing a complete solution on a species basis is 
exceedingly shortsighted and frankly arrogant. How much better it is to understand that 
several partial solutions add up to substantial biocontrol. And that this might just be 
diversity's way of doing higher math. 
 
Let’s consider the codling moth—most anyone anywhere will deal with this pest of 
apples, pears, quince, and even some apricots and plums. Eggs are laid singly in 
proximity to the developing fruit, often on a nearby leaf if not on the fruitlet itself. Each 
female moth will deposit 30 to 100 pinhead-size eggs. These sit exposed for 6–14 days 
before hatching. Certain parasitic wasps can sense precisely where and will lay their 
eggs inside each moth egg to provide a feed for their young. Call that a 20 to 60 percent 
advantage. . . provided plenty of flowering diversity exists to support the presence of 
plenty of adult wasps.1  Just-hatched codling moth larvae have significantly better odds 
than most moth caterpillars, as this internal feeding species bores into the fruit generally 
within 24 hours. A spined soldier bug or an especially astute chickadee might have 
ended this passage. Still other parasitic wasps lay their eggs in the larvae itself to 
provide a feed for their young.2  Score that 5 to 10 percent given the short duration of 
exposure (the odds against surface feeding caterpillars rise astronomically, by the way). 
Codling larvae eat the seeds in the fruitlet and then exit some 3 to 4 weeks later, either 
by dropping to the ground in a fallen fruit or crawling back towards the trunk. Yellow 
jackets gather such caterpillar meat for their young. . . spiders weave, pounce, and 
otherwise frolic. . . ground beetles never let creamy flesh walk on by. Let’s take away 
another 5 to 20 percent. Surviving larvae spin a cocoon in which to pupate beneath bark 
scales on the trunk or in a sheltered place at the base of the tree. Woodpeckers and 
nuthatches work this situation; tachinid flies aren’t averse to sticking an egg within that 
cocoon to facilitate a pupal feast. That puts codling moth down another 10 to 20 percent. 
 
Beyond letting all this happen by fostering biodiversity, our job on the insect balance 
front should be considered blessedly small in comparison! The advantages spoken of 
here apply to all pests to varying degrees. Spend some time getting to know your friends 
and revering their “limited contributions” in the big scheme of things. 
 
 

                                                
1 Trichogramma wasps can be purchased from beneficial supply houses and timed for release into 
commercial orchards just as codling moth egg laying initiates. Research indicates as much as a 60 percent 
decrease in pest numbers as a result. The braconid wasp Ascogaster quadidentata does similar work. 
2 Charles Darwin once wrote about ichneumonid wasps: "I own that I cannot see as plainly as others do, 
and as I should wish to do, evidence of design and beneficence on all sides of us. There seems to me too 
much misery in the world. I cannot persuade myself that a beneficent and omnipotent God would have 
designedly created the Ichneumonidae with the express intention of their feeding within the living bodies of 
caterpillars." Keep in mind that the father of evolutionary thought was not an apple grower! 


