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CHAPTER 
3 

HUMUS AND  
SOIL HEALTH  

Fragrant,  earthy humus is the cornerstone of the soil ecosystem. 
This crumbly, dark brown stuff that makes our gardens grow is 
totally a product of soil biological activity. From a soil organism's 
viewpoint, humus is ideal material to live in. It's chock-full of nutri- 
ents, offers a favorable pH, is porous and spongy to permit air pene- 
tration, and can hold moisture without becoming soggy. In this 
chapter, you'll learn how preserve the humus that's already in your 
soil and how to add more to keep your soil healthy and productive. 
To find out more about how building soil humus fits into your over- 
all soil-care program, see Chapter 6. 

If anyone has succeeded in synthesizing humus in a laboratory, 
it's a well-kept secret. Humus is a mixture of complex compounds. 
Some of it is made up of gums and starches synthesized by soil 
organisms, primarily bacteria and fungi, as they consume organic 
debris; the rest is plant residues such as waxes and lignins that don't 
readily decompose. 

Just as wine can vary widely in quality, so can humus. Its quali- 
ties will reflect different origins and composition. And just as differ- 
ent wines are suitable for different culinary purposes, the various 
types of humus serve varying soil functions. Some of the benefits 
humus provides to soil include the following: 
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Water retention. Humus can hold the equivalent of 80 to 90 
percent of its weight in water. Soil that is rich in humus is more 
drought-resistant. 

Good soil structure. Humus is light and fluffy. It allows air 
to circulate easily and makes soil easy to work. Also, the sticky gums 
secreted by microbes in the process of forming humus hold soil par-
ticles together in a desirable crumb structure. 

Early soil warming. Humus is usually a dark brown or black 
color, which helps warm the soil quickly in the spring. 

Nutrient retention. Humus holds mineral nutrients safe 
from being washed away in rain or irrigation water, yet in a form 
that is readily available to plants. Ample reserves of humus provide 
additional plant nutrients in times of need. 

Balanced pH. Humus moderates excessive acid or alkaline 
conditions in the soil, a quality known as buffering. 

Trapped soil toxins. Humus can immobilize many toxic 
heavy metals, preventing them fiom becoming available to  plants or 
other soil organisms. (See Chapter 7 for more information on deal-
ing with contaminated soils.) 

ORGANIC MATTER OR HUMUS? 
Although some people use the terms interchangeably, not all 

organic matter is humus; humus is a form of organic matter that has 
undergone some degree of decomposition. There is no hard-and-fast 
dividing line, but instead there is a continuum with fresh, undecom-
posed organic materials (manure, sawdust, corn stubble, kitchen 
wastes, or insect bodies) at one end and stable humus, which may 
resist decomposition for hundreds of years, at the other. 

After you add organic matter to the soil, it is broken down by 
soil organisms into various compounds, including different forms of 
humus. Humus that can still decompose readily is known as effec-
tive or active humus. It consists of a high proportion of hlvic acids, 
simple organic acids that are soluble in either acids o r  bases. 
Although this type of humus is an excellent source of plant nutri-
ents, which are released as soil organisms break it down further, it is 
of little consequence for soil structure and long-term tilth. Active 
humus is mainly derived from the sugar, starch, and protein fraction 
of organic matter. 



COLLECTINGCOLLOIDS 
0h e  of the most im] portant characteristics of hutnus is its colloidal 

..- -..L--- .- - -....:-1 - - > - >nature._.Colloids art: suusrances composed of a lot of tiny paruclrs suspenueu 
in a gel-like mass, giving them a large surface area in proportion to  their 
weight. Physically, colloids tend to be sticky and absorbent. Protein, which 
makes up all living cells, is a colloid. Other examples of colloids are milk, may- 
onnaise:, rubber, and gelatin, Clay is al so a colloi d, and the clay coml 
the soil behaves similarly to humus. 

Colioids are covered with many negatively charged p [articles. T his makes 
*La- "L ...-A A -LA- -:..*I --.A:, .I-.. --..-...c-.L:-L
UlCll l  dLble to hold on to ~ositivelv ch.agcu Lncnnca VdI u u a .  I I I ~ I YUI WIIILIII I i 

are imp( Irtant soil nutrients. In thi soilI, colloids ;are import ant tempo lrary stor- 
age site: s for thesc : nutrientsi, including calcium,, magnesi~ ium, and 
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meanini5 it can mi inimize ch anges in sl oil pH. TI ?is is bene ficial for pdants and 
soil org; misms, bo th of whic! h can be h armed by Irapid pH (:hanges. 
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Humic acids characterize more stable or  passive humus. 
Humins, which are highly insoluble and may be so tightly bound to 
clay particles that microbes can't penetrate them, are the main con- 
stituents of the most stable humus. Because stable humus resists 
decomposition, it does little to add nukents to the soil system, but 
it is essential to improving the soil's physical qualities. Carbon-14 
dating has revealed that very stable humus complexes may survive 
unchanged for thousands of years. Stable humus originates from 
woodier plant residues that contain lots of cellulose and lignin. 

How HUMUSWORKS 
The status of soil organic matter and humus is constantly 

changing, due to the activities of all the creatures in the soil commu- 
nity. These creatures are most active under optimum conditions for 
soil biological activity: plenty of moisture, well-aerated soil, and 
warm temperatures. The fresh supplies of raw organic matter you 
add to the soil keep the process of organic matter decomposition 
and humus formation moving. 



Anything that harms or disrupts a member of the soil commu- 
nity can lead to a form of indigestion of the soil. For example, if 
large amounts of nitrate fertilizer flood the soil system, the bacteria 
responsible for converting protein fragments into nitrates will be 
suppressed, in turn "backing up" the whole organic decomposition 
process. They'll recover after a while, but if this process is repeated 
year after year, the capacity of that soil to digest fresh organic matter 
will be seriously damaged. 

HUMUS AND FERTILITY 
The process by which organic matter and humus break down 

and release nutrients into the soil is called mineralization. Humus is 
the product of organic matter mineralization, but it, too, can be 
mineralized under the right conditions. Mineralization is fastest 
when conditions are perfect for bacteria to reproduce: high aeration, 
adequate moisture, good pH, and balanced mineral nutrients. 

The simple process of  hoeing your garden gives a boost to bacteria by 
bringing in air. As the bacteria go to work mineralizing humus in the soil, 
your plants get an extra dose of nutrients to speed up sluggish growth. 



Take advantage of the extra nutrients released from mineraliza- 
tion by cultivating and irrigating when your plants need a growihg 
boost. If your garden seems to be growing sluggishly in midsum- 
mer, speeding up the process will help stimulate growth by releasing 
nutrients. Cultivation speeds up the process by introducing air. If 
soil is dry, irrigation will also stimulate mineralization. Dark mulch 
or row covers will increase soil temperature and encourage faster 
release of nutrients to plants. 

It's important to understand the concept of "enough" when 
you choose to stimulate mineralization. Too quick a release of nutri- 
ents from organic matter can cause problems that parallel those of 
overfertilizing: plants can take up excess nitrate nitrogen (causing 
weak, succulent growth), or nutrients can leach into groundwater. 
Regularly adding organic matter to soil will lead to the formation of 
new humus and help to replace the reserves lost to mineralization. 
Humus tends to accumulate fastest under conditions unfavorable to 
mineralization: cool temperatures, low pH, and poor aeration. Too 
much humus can be just as bad as not enough. The extreme exarn- 
ple of going too far is a peat bog, composed of almost pure humus. 
Once again the key is balance: An active, healthy biological popula- 
tion will continually be mineralizing humus at the same time that 
humus is being formed. As you become attuned to the signs of bio- 
logical activity and health in your soil, as well as the rhythms of 
growth and rest in your garden, you will develop a better sense of 
"enough" when it comes to humus formation and decay. 

The most direct way to increase humus in your soil is to put it 
there yourself in the form of compost. (The details of how to make 
and use compost are in Chapter 4.) But good gardening practices 
and soil improvement also depend on building humus by adding 
organic matter to the soil. Mulch, green manures, sheet composting, 
and wise use of uncomposted manure all add humus to the soil and 
keep the soil community happy and thriving. 

MULCHING 
Mulch is most often used to suppress weeds and protect soil 

from temperature extremes. But it's even more important as a means 



Supplement the nutrients in mulch with an application of compost. Peel back 
the mulch and spread compost, then replace the mulch and renew if necessary. 

of building soil humus. For perennials and trees, it is practically 
essential. Permanent mulch will decompose gradually as it is mixed 
into the soil by the activity of earthworms, who love its cool, moist 
environment. Mulch applied to annuals can be worked into the soil 
at the end of the growing season, or left to protect it over winter 
and worked in the next spring. 

Many gardeners rely solely on mulch as a source of soil organic 
matter and nutrients, adding fresh materials in the course of the 
growing season as lower layers decompose. Supplement the nutri- 
ents in mulch and improve the carbon:niuogen ratio at soil level by 
peeling back the mulch and spreading some compost or other 
organic fertilizer beneath it. 

Mulch not only feeds the soil, it also improves the biological 
habitat. It  keeps temperatures a little cooler in summer and a little 
warmer in winter, which is especially helpful for earthworms. 
Mulching is vitally important in dry climates to preserve soil mois- 
ture. In vegetable gardens, it helps protect crops from having soil 
splashed on them when it rains, preventing the spread of soilborne 
disease. Finally, mulch can provide a quick soil cover to  protect 
newly tilled and seeded land from erosion. 



Sometimes mulching isn't appropriate. Mulch can worsen 
drainage problems and lead to increased fungal, diseases in plants 
growing on heavy, wet soils. Regardless of what kind of soil you 
have, always be careful to leave a gap betwe& mulch and plant 
stems for air circulation. Pests like slugs and snails may make their 
home in mulch, and field mice love to nest in it. If you're a northern 
gardener, wait till soil is fully warm before applying mulch to annual 
gardens, especially around heat-loving plants such as tomatoes and 
melons. 

You can usually find appropriate mulch materials in your neigh- 
borhood, free for the hauling. The most common materials are hay, 
straw, leaves, and sawdust, but any dry, fluffjr organic waste can be 
suitable, including cardboard and newspapers. See Chapter 9 for 
more details about mulch materials. 

GROWING GREEN MANURES 
A green manure is any crop that is grown for the purpose of 

feeding soil organisms as opposed to being harvested for human or 
animal consumption. Green manures require very little cash out- 
lay-just the price of some seed-and produce organic matter right 
where you need it, without transporting and spreading. Even fast- 
growing annual weeds such as pigweed and lamb's quarters (shown 
in the illustration on the opposite page) can h c t i o n  as free green 
manures-just be sure to work them in before they set seed! 

Benefits of Green Manures 
Green manures are an easy way to increase soil fertility and 

organic matter. The fibrous, matted root systems of perennial crops 
such as clover or clover-grass combinations are excellent for building 
up soil organic matter reserves. Fast-growing annual grasses, such as 
sudan and millet, also work well. You'll find more information on 
choosing and using specific green manure crops under "Selecting a 
Green Manure" on page 53. 

Deep-rooted green manure crops, such as alfalfa and sweet 
clover, absorb nutrients from the subsoil and eventually make them 
available to more shallow-rooted,crops. All legumes, from peas and 
beans to clover and vetch, contribute substantially to nitrogen, 
phosphorus, and potassium nutrition of crops that follow. Alfalfa is 
renowned as the heaviest nitrogen producer. In general, perennials 
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If weeds l i e  pigweed and lamb's quarters take over a corner of your garden, 
consider it a free planting of green manure. Then, before they have a chance 
to set seed, till or dig them under to build organic matter. 

and biennials such as sweet and red clover fix more nitrogen per 
given area than annuals such as beans or peas. Nonleguminous 
plants such as grasses and buckwheat also contribute to nutrition, 
especially if incorporated when young and succulent. 

Green manures also protect soil from exposure to wind, sun, 
and rain, and so they prevent erosion. When used to protect soil 
from erosion, these plantings are usually called cover crops. Winter 
cover crops help trap snow, which insulates the soil from extreme 
cold and contributes moisture for the following growing season. 
Some gardeners prefer to plant a crop like oats that will be killed by 
cold weather; the soil will be protected, but the cover crop won't 
regrow in the spring. 

Use green manures as smother crops to help rid your garden of 
troublesome weeds. Some species actually suppress weed growth 
through root exudates. (For more details, see "The Buckwheat-Winter 
Rye Cure for Couchgrass" on page 54.) They also help prevent 
buildup of insect pest and disease populations, which often cannot live 
on the green manure plants. 



Alfalfa is a well-known 
soil improver, breaking 
up compacted soils 
with its deep roots and 
working with bacteria 
to fur nitrogen from 
the air into a form 
usable by plants. 

Green manures in small gardens. Green manures are general- 
ly most useful in vegetable gardens or for preparing the soil for 
perennial plantings and orchards. If your garden is small, there are 
some tricks you can use to maximize the benefits of green manures. 
Interplanting clover between widely spaced rows of crops like corn 
or squash is a great way to protect the soil and add extra nitrogen, 
without interfering with the growing food crop. Mow taller-growing 
green manures periodically and use them to mulch the crop. 

You can also undersow a fast-growing food crop with a green 
manure. Undersow after the food crop is up and growing, so the 



green manure becomes established before the crop is harvested. If 
you have late broccoli or greens, for example, undersow winter rye 
in time for it to get established, while the food crop is still growing. 

Integrate certain green manure species, such as low-growing 
clovers, into a perennial garden as "living mulch." In established 
orchards, you can interplant green manures between trees, especially 
when they're still young. One New York orchardist sprinkles a hand- 
ful of fava beans around each of her young trees in the spring to 
provide an extra nitrogen boost with minimal effort. 

Gardener beware. If your timing is off, some green manures 
can come back to haunt you. If you don't till in winter rye early 
enough in the spring, it will regrow vigorously and have to be eradi- 
cated like any weed. If you allow buckwheat to go to seed, it, too, 
will show up again the next season, although rarely vigorously 
enough to be much of a problem. 

Some green manures are more of a challenge to work into the 
soil, especially with hand tools, than others. Clovers and other legu- 
minous crops, which contribute the most organic matter and nitro- 
gen, also take the most energy-mechanical or human-to turn 
under. 

In arid areas of the high plains, where soil moisture reserves 
are limited, green manures can sometimes deplete the water that 
following crops will need to  grow. Eventually, however, the 
increased organic matter they create will help these soils conserve 
more moisture. 

Selecting a Green Manure 
Green manures differ widely in adaptability to climate and soil 

conditions. Buckwheat, for instance, will grow virtually anywhere. 
Alfalfa, on the other hand, is more finicky about drainage, pH, and 
mineral balance than most. Use the guidelines that follow to help 
you find the crop that fits your soil needs and conditions. 

Many of these crops are even more useful when combined with 
others having complementary qualities. Field peas with oats or bar- 
ley, and winter rye with hairy vetch are popular combinations. Alfalfa 
or clover and various grasses are often combined in hay mixes; the 
grass stimulates the legumes to fix more nitrogen than they would if 
planted alone. Grains and grasses also offer physical support and 
shelter to slower-growing legumes. 



Non-leguminous crops. N o n - l e g u m i n o u s  c rops  do n o t  sup- 
port ni t rogen-f ix ing bacteria,  b u t  t h e y  a r e  general1 fast-growing 
a n d  p r o d u c e  l o t s  of leafy g r e e n  material .  N o n - l e g u  3i n o u s  crops 
include buckwheat,  small  grains, grasses, and b r a s s i c a d  

B u c k w h e a t  i s  o n e  of t h e  m o s t  c o m m o n l y  g r o w n  g r e e n  
m a n u r e s .  It g e r m i n a t e s  easily, t o l e ra t e s  d e p l e t e d ,  ac id  soils, and 
g r o w s  quickly. A l t h o u g h  it makes  little con t r ibu t ion  to organic mat- 
ter, it is ab le  to scavenge p h o s p h o r u s  f r o m  insoluble  soil fractions 
a n d  is a n  excellent  s m o t h e r  c r o p  for weeds.  It is very  frost-tender. 
W h e n  incorporat ing it, m o w  or scythe the buckwhea t  a n d  le t  i t  dry 
for a d a y  o r  s o  before  work ing  i t  i n t o  t h e  soil. I t s  succulent  stems 
c a n  c r e a t e  s o m e w h a t  a n a e r o b i c  c o n d i t i o n s  if i n c o r p o r a t e d  when 
green.  

BUCRWHIEAT-WINTER RYECUR 
IUCHGRASS 

Couchgra! ron repens ), known I s quack grass, twitch " .  . .grass, and witchgrass, IS one ot the gardener's most dreaded weeds. Spreading 
vigorously by underground nmners, it is virtu; ally unstoppable by Inormal cul l-
tivating methods and positively thri lves on be ing chopped up an1 d replanteld 
with a rotary tiller. 

Deal this pesky weed a real one-two punch with a combination ot buck 
wheat and winter rye. (You can use other small grains, but rye is the mo: 
effective against couchgrass because it produces exudates, which actually sul: 
press the weed' ) In order far this 1:O work, JIOU have 1:o devote- 
whole growing s > a patch c)f land, bu t it's wort h it. Here' 
how to do it: , - ,-1.Sow a UllCK crop oi  wcmneat  as early as possible, alter a11 danger c 
frost is past. Be carehl to  get ever I coverage-any holes in the buclnvhea 
canopy will allow the couchgrass to gain a fo othold and come back in forc 
the next year. 

2. When Ithe buckw heat read les its stag;e of maxi mum leaf coverage-
just after it start s to bloon 1-cut it (lown, till it in, and Ireplant ant 3ther buck 
wheat crop right away. 

3. When the second crop of buckwheat begins tc 1 flower, c ut it down, 
till it il n, and replant the plot with winter rye. 

4. Allow the rye to grow over winter, and work it in as early as possible . ., I .In me spring. The couchgrass roots will have exhausted uleir nutrlenr reserves 
trying (unsuccesshlly) to  compete vvith the bl and thep'l 1 have littl e 
defense against the aggressive rye. 



Small grains, such as millet, oats, barley, rye, and wheat, can 
serve many purposes when used as green manures. Millet is a fast- 
growing warm-season crop that works well as a smother crop. Oats 
will grow in cooler seasons, but will not overwinter in the North. 
They are often used as a "nurse crop" for slower-germinating, fine- 
seeded legumes like clover and alfalfa, shading the tender seedlings 
fiom sun and wind until they get established. Mow the oats when 
they reach the flowering stage, and the legumes will be ready to 
grow on their own. Rye, wheat, and barley all make excellent winter 
cover crops. Wheat and barley are less tolerant of low pH than rye. 

Grasses such as sudan, sorghum, annual ryegrass, and brome 
have good, fibrous root systems that contribute to organic matter. 
Sudan and sorghum are fast-growing warm-season grasses, similar to 
millet. Annual ryegrass and brome make good winter cover crops. 
All are tolerant of a wide range of soil conditions. 

Brassicas (also known as cabbage-family crops) include rape, 
kale, typhon, oil radish (canola), and mustard. Some of them make 
nutritious livestock fodder and are commonly grown for their oil- 
rich seeds. They grow rapidly in cool spring and f d  conditions and 
work well as a smother crop but will not survive a northern winter. 
They tolerate many soil conditions but prefer a pH close to neutral. 
Avoid growing them in areas where you will plant other cabbage- 
family crops such as broccoli because they can harbor common pests 
and diseases. (For more hints on planning crop rotations, see "Crop 
Rotation: The Why and How" on page 192.) Brassicas can easily 
become a weed problem if allowed to go to seed. 

Legumes are excellent for green manures. Besides contributing 
lots of organic matter, they can even return more nitrogen to the 
soil than they took from it, giving you a net nitrogen gain. 
Commonly grown legumes include alfalfa, clovers, beans and peas, 
and vetches. 

Alfalfa is the champion nitrogen fixer. If allowed to grow for 
two years or more, it will fix up to 200 pounds per acre-more than 
you need for an average vegetable garden. Alfalfa is very deep root- 
ed; this makes it valuable for bringing up subsoil nutrients. It's 
unsuitable for shallow, poorly drained soil. I t  demands a near-neutral 
pH and adequate phosphorus and potassium to do well. If you are 
growing alfalfa or some other legume-grass sod as part of your gar- 
den rotation, mow the tops regularly and use them for mulch. 

There are many different types of clovers, of which the most 
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It your soil is in need of mineral nutrients, a good time to spread rock 
powders is when you seed your green manure (see Chapter 5 for more details 
about using rock powders). Many green manures are able to use otherwise- 
unavailable nutrients in rock powders, to the benefit of the crops that follow. 
Other fertilizer materials, such as manure, compost, and high-analysis organic 
wastes, are most valuable if spread when you incorporate a green manure crop 
into the soil, especially if the green manure is coarse and mature. As they 
break down the organic matter, soil organisms will tie up the ni .e-
venting it from leaching or evaporating into the armosp here until a1-
ly released for your main crop in the next growing seaso a. 

common are red, alsike, sweet (yellow and white), white Dutch, 
crimson, and ladino. Many are biennials: They flower and seed in 
the year after they are sown, then die off. Their maximum contribu- 
tion to organic matter and nitrogen fixation is in the spring after 
they are planted. 

The sweet clovers are excellent subsoilers, like alfalfa, but are 
better able to extract their phosphorus and potassium from insoluble 
rock sources. They like a near-neutral pH. Alsike is the most tolerant 
of acid soils, and red clover is also somewhat tolerant. Crimson 
clover is well-adapted to hotter southern conditions. White Dutch 
clover is a low-growing perennial that tolerates traffic well, and it is 
often used between permanent beds as a living mulch. 

Beans and peas are large-seeded annual legumes. Fava beans, 
cowpeas, field peas, and soybeans are popular choices. Some people 
use old garden pea or bean seeds in their green manure mix rather 
than taking a chance of poor germination in the garden. Fava beans 
and field peas germinate easily and grow well under poor conditions. 
Soybeans and cowpeas are warm-season crops, helpful for protecting 
southern gardens during summer rest periods. These crops are 
commonly grown in combination with a small grain, such as oats or 
barley. 

Vetches are annual vining plants with a spreading habit; they 
are good nitrogen fixers and biomass producers. Hairy vetch is a 
favorite for northern gardeners, since it overwinters well, and is 
often used in combination with winter rye. Common and purple 



vetches are less cold-tolerant but are usefbl even in the North where 
a winter-killed cover crop is desired. 

Other legumes used for green manures include lupines, black 
medic, trefoil, hairy indigo, and lespedeza. Lupines are annuals 
sometimes grown as cattle fodder, which overwinter where winters 
are mild; they can be among the highest biomass producers in 
southern areas. Hairy indigo and lespedeza are good southern sum- 
mer cover crops that help improve poor soils. Hairy indigo is resis- 
tant to root knot nematodes and can be valuable in rotations where 
this pest is a problem. Trefoil and black medic are both forage crops, 
similar to  alfalfa but better able to tolerate wet, acid soils. 

Planting Green Manures 
Considering all the benefits they have to offer your garden, 

green manure crops are remarkably easy to grow. Simply prepare as 
smooth and even a seedbed as possible for your green manure, espe- 
cially for the finer-seeded legumes. After sowing, rake or till lightly 
to cover the seed. Avoid deeply tilled, fluf@ seedbeds-the seeds 
will germinate much better if they are pressed firmly into the soil, 
allowing moisture to  be wicked up around them. Wdter if necessary. 
If you are sowing during a dry season, a light sprinkling of mulch to 
conserve moisture can greatly increase your chances of success. 

Sow your green manure by hand, covering the area as evenly as 
possible with the right amount of seed. If you have a large area to 
plant-at least '/4 acre-you may find it worthwhile to invest in a 
hand-cranked broadcast seeder (illustrated on page 58) that consists 
of a canvas pouch (worn around your neck) with an adjustable open- 
ing for setting seeding rates. Lawn seeders may also be suitable for 
the job. 

Working In Green Manures 
To make your green manure crop available to the soil organ- 

isms, you'll need to chop up the plant material and mix it as thor- 
oughly as possible into the top few inches of soil. To determine the 
best time t o  work in your cover crop, see "Getting the Timing 
Right" on page 62. Hand tools are often sufficient for buckwheat 
and young small grains. If the cover crop has died over winter, you 
can simply rake away the dry residue to expose the soil, and plant 
your transplants without further preparation. 



A canvas broadcast seeder cranks out seeds for green manures at a customized 
rate, allowing you to cover large areas quickly. 

When it's time to work the green manure into the soil, some 
form of power equipment is generally advisable on all but very small 
patches. For most gardeners, rotary tillers are the best available 
power tools to use for green manuring. 

Before incorporating a tall-growing green manure into the soil, 
mow it or cut it down and allow it to dry for a couple of days first. 
This will make the stems more likely to crumble as you till, rather 
than getting tangled up in the tines. They'll also be in better condi- 
tion, assuming there is adequate soil moisture, for microbes to 
attack them. If growth is r e d y  tall and rank, rake it aside before you 
till, then use it for mulch rather than trying to grind it into the soil. 

Even a heavy-duty garden tiller will have tough going on a 
thick, well-established planting of a grass-legume mixture. In this 
case, plowing-as shallowly as possible-may be the best alternative. 
Although plowing disrupts the soil community and can cause soil 
compaction, these problems are offset by the high level of organic 
matter the soil will gain from the sod. Sometimes you can hire 
someone with a tractor-driven tiller or rotovator to  work in a new 
patch of sod. Disc harrows are often the farmer's tool of choice for 
working in a green manure crop. 
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Use a garden fork to incorporate an early-season crop of an annual green 
manure. Mix thoroughly into the top few inches of soil, and wait several days 
before planting. 

Wait at least a few days to allow the green manure to  decom- 
pose before planting a main crop. Some organic acids harmful to  
germinating seeds are often produced in the early stages of decom- 
position. 

SHEET COMPOSTING 
Sheet composting is another means of building humus. It 

involves spreading the organic materials directly where they will be 
needed, to decompose in place. When you work in a green manure 
crop, you're practicing a variation of sheet composting. 

Traditional sheet composting requires lots of organic material 
and a garden plot that you are willing to leave unplanted for a year 
or two. To prepare the plot, first mow or cut down any existing veg- 
etation and leave the trimmings o n  the plot. Then spread your other 
organic material in an even layer over the area. Use whatever you 



Seeding Rate Where Adapted 
TYpe When to Sow (Ibs. per 1,000 sq. k) in United States 
Legumes 

Alfalfa Spring 1 All 
Beans, fava Spring or fall 6 All 
Beans, soy spring 5 All 
Clover, alsike Spring to late summer 0.5 North 
Clover, crimson Fall 1 South to Central 
Clover, ladino Spring to late summer 0.5 All 
Clover, red Spring to late summer 0.5 North to Central 
Clover, sweet 

(yellow or white) Spring to summer 0.5 All 
Clover, white Dutch Spring to summer 0.5 All 

Cowpeas Spring 5 South to Cenwl 
Hairy indigo Spring 0.5 Deep South 

Lespedeza Spring 1 South 
Lupine, white or blue Spring 1 All 
Pea, field or Austrian Spring or Fall 5 All 
Trefoil, birdsfoot Spring 0.5 All 
Vetch, hairy Spring to fall 1.5 All 

Nonlegumes 

Barley Spring or fall 2.5 All 
Brassicas 

(kale, radish, etc.) Spring to fall 0.5 All 

Bromegrass, smooth Fall 1 North 

Buckwheat Spring to summer 2-3 All 
Millet, pearl Spring to summer 1 All 
Oats Spring or fall 2.5 All 
Rye, winter , Fall 2.5 All 
Ryegrass, annual Spring or fall 1-2 All 
Sudangrass; sorghum Spring to summer 1 All 
Wheat, winter Late summer 2-3 All 



Comments 

Perennial; deep-rooted; needs good drainage; neutral pH 

Annual; edible bean I 
Annual 
Tolerates wet, acidic soil 
Winter annual I 
Tolerates traffic; wet or droughty soil 
Perennial; good phosphorus accumulator 

Needs good drainage and neutral pH; yellow clover tolerates dry conditions 
Perennial; tolerates traffic 
Annual; drought-resistant 
Needs warm, well-drained soil; resists root knot nematode 
Good for restoring eroded, acidic soil 
Tender annual; good biomass producer 
Annual; best combined with grain crop I 
Comparable to alfalfa but tolerates poor soil I 
Best combined with we; good biomass producer: winter-hardy I 

Needs pH 7-8; use spring varieties in North I 
Fast-growing, cool season; do not allow to set seed I 
Cold-hardy winter cover crop 

Tender; good smother crop; phosphorus accumulator 

Fast-growing warm-season smother crop; tolerates low pH 
Tolerates wide pH range; avoid heavy clay; good "nurse crop" for legumes 

Suppresses weed growth when turned under 
Widely adapted; rapid grower 
Tolerates poor drainage; rapid biomass producer in hot weather 
Needs pH 7-8 and good fertility 
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When buckwheat and other green manures bud and flower, they  
, have reached midseason growth. They'll decompose more slowly  

. . 
than early-season growth, but add more organic matter to the-soil. 
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have in abundance: grass clippings, hay, straw, leaves, apple pomace, 
kitchen scraps, garden plant residues, or any other organic material 
suitable for composting. (For more ideas of suitable materials, see 
"Gathering Raw Materials" on page 75). For a heavier material like 
apple pomace or kitchen scraps, the layer should be up to 3 inches 
thick. Lighter materials, such as grass clippings, can go in a layer up 
to about 6 inches deep. And with very loose materials like leaves, 
hay, or straw, you can apply a layer as much as 8 inches deep. 



I 
I 

I 

ljarlv kirowth 

Th is stage o lccurs just at or before plants reach fulI vegetati~re cover. 
When pl;ants are till led in at t!- lis stage, tlle young, succulent,growth de compos-. , ,  I , . P .es q u ~ c ~ i y  (providea tnere 1s plenty or moisture ana aeration) and releases 
mineralized nutrients for the crops that follow. Carbon:nitrogen ratios are low, 
so microbes lock up little of the nitrogen, leaving it immediately available to 
crops. Decomposition is fairly thorough, leaving little contribution to stable 
humus. 
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ment m; iy be reql uired to incorporate it into the soil. IPlants d> :ompose 
more slo wly and n ovide suq nediate-lay not pr )lus nutrie nts to the crops i m ~  
Ig foltow ing. Carbl .. . :n ratios fi num micr ,obial gro\ ..on:nitrogt -. vth, and . 
the nutri ents they use will bl ecome ava ~ilable late r in the se :ason. l'la~ ~ t stilled 
in at this stage con ltribute m ore organ ic matter 1to the soil ,improvirig struc- 
ture and tilth. 

Late Gr owth 

m n t s  mat reacn tne late growtn stage nave set seea. In most cases, 
you'll want to avoid allowing green manures to  form seed. Their mature 
growth is difficult to work into the soil, and they break down very slowly, 
offering minimal hutrients to following crops. On poorly drained soils, 
thongh, working in the coarse growth of a mature green manure crop can 
help to improve soil aeration. The slow breakdown of the material will also 
contribute to the formation of stable humus in any soil. 

Once you've spread the material, you can usually just let it rot 
in place for a season and then work it in, either in the fall, before 
planting a winter cover crop, or the following spring, when prepar- 
ing the plot for a main crop. But if you apply wet, high-nitrogen 
organic materials like apple pomace or kitchen scraps, it's best to 
work them into the soil immediately. Alternatively, you could cover 
them with a layer of high-carbon mulch, like leaves or straw, and let 
them break down on the soil surface before working them in. 



Work in perennial green manures and those in late-season growth with a 
rotary tiller. Ti1 lightly to incorporate it into the first few inches of soil. 

Compared to regular composting, sheet-composting is a labor- 
saving method for adding lots of organic. matter to your soil, but it 
does have some disadvantages. Wet, smelly materials, for example, 
are very difficult to sheet compost effectively. And since sheet-com- 
posted materials need time to be broken down by soil organisms, 
they won't provide immediate fertility for axrop. Sheet composting 
also is not suitable for wet or poorly aerated soils, because a lack of 
air in the soil will slow down decomposition and leave you with a 
large mess to handle. But if you have the time and the materials on 
hand, sheet composting can be a great way to build soil fertility. 

ADDING ANIMAL MANURE 
Like mulching, planting green manures, and sheet composting, 

applying animal manures to your soil is an effective way to build soil 
humus. You can apply fiesh manure right to the soil and treat it as 



high. lyer 

high. layer 

soil 

If you spread a wet, high-nitrogen material like apple pomace or kitchen 
scraps on top of the soil, either till it in right away or cover it with a thick 
layer of high-carbon mulch (like straw) to prevent nitrogen loss. 

you would sheet compost, or compost it in a pile before applying it. 
The best way to handle the manure depends on several factors, 
including what animal it came from, how old it is, and how it was 
stored before you got it. For complete information on using animal 
manures to build soil fertility, see "Manures" on page 118. 
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