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f) Effects of Crop and Rotation on Soil Structure
By
P. Boekel and P, K. Peerlkamp
1. Iniroduction

The interrelation between crop and soil structure is very complex. Soil struc-
ture affects plant growth, but conversely, the crop and the sequence of crops
(rotation) have again an influence on soil structure. The effects in both directions
depend on many factors, among which those related to soil and climate are
very important. Most of these factors vary with time more or less rapidly.

The influences that crop and rotation exert upon soil structure are to be
divided roughly into direct and indirect ones. The ways in which a crop affects
soil structure directly are: a) the plant cover protects the soil surface from
raindrop splash and wind erosion and b) the penetrating and branching roots
affect soil strueture mechanically., Indirect influences of crop growth and rota-
tion upon soil structure are: ¢) their effects on moisture content and temperature
of the =oil, which in turn affect soil siructure in several ways, d) the influence
which soil organic matter, due to roots and plant residues, has upon soil struc-
ture, and e) the effects of tillage operations which are necessary in agrieulture.

2, Protection against Raindrop Splash and Wind Erosion

The phenomenon of soil structure deterioration by means of the kinetic energy
of falling raindrops, briefly named ‘‘raindrop splash”, has been discussed in detail
in the preceding chapter. A plant cover can absorb this energy more or less,
depending on the density of the vegetation. This has been shown already by
WoLLxy (1877), who found that, the denser the plant cover, the smaller was the
decrease of s0il porosity during the vegetation period. From his results it appears
that especially the bigger pores are preserved by a vegetative canopy (Table 7)

Tahble 7. Effect of o plani cover o the porosity of & humiferous, calcarecous sandy soil
{(after Worrxy 1877) '

total porosity non capillary porosity
(% of vol.} (in % of total porosity)
crop
cover no cover cover no cover *
TFE wvutnsnnnsrnn 62.2 8.3 54 38
peas ....oiueie, 63.6 £59.2 51 35
vetch ........... 69.2 66.56 56 44

and that only 45 to 889% of the total rainfall reaches the soil surface directly,
depending on the type of crop and on the number of plants per unit area. Impor-
tant factors determined by the type of the crop are the total surface of the leaves
per plant and the shape and position of the leaves. According to Koryioge and
WERNER (1885) Jucerne has a very large surface of leaves per unit area of soil
surface (Table 8), corn and heets have small leave-surfaces and clover and cereals
have an intermediate position. With the exception of corn this sequence agrees
roughly with that which Worrny, Havnes and SmitH et ol. (of. Baver 1956)
obtained for the interception of rainfall by various crops. It will be obvious that
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the figures given in Table 8 depend not only on the type of crop but on the
number of plants per unit area too. Differences in this number seem to be the
cause of the different results for corn, which is illustrated by the findings of WorLLxy
(see BAVER 1956} that the percentage of total rainfall penetrating a corn crop with

Table 8. Total surface of lsaves (m®) per m? soil surface
(after KOrvIoKE and WERNER 1885)

crop leave- surface crop leave-surface
lucerne. . .............. 85.6 barley ............... 14.8
clover................. 24.5 summer-wheat ....... 13.7
oats L.l RN 21.1 GOTIL . vvvvennncnnarnn 2.9
winter-wheat .......... 17.5 mangolds............. 1.6
winter-rye.......o00n 15.6

9 or with 36 plants per m? is 63 and 44 respectively. It is self-evident that not
only the density of the vegetative canopy at a certain moment is important for
soil structure but alse its changes in the course of time, especially in velation to
the fluctuations in rainfall. Sowing or planting date, vegetation period, type of
crop and all factors affecting its development (physical and chermical soil fertility,
soil and crop treatment, plant diseases a.s.0.) play an important part with
regard to the sheltering effect that a crop has upon the s0il and therefore they
can influence soil structure.

To protect a seil from wind erosion a crop needs to be not so dense as to
prevent the surface from raindrop splash. Strips of crops perpendicular to the
predominant wind direction are generally sufficient. Several scientists have
studied the sheltering effect of wind.breaks (seee. g.: va¥ DER LinDE and WoUDEN-
BERG 1051 and Krruvrz 1952). It appears that this effect can be shown up to a
distance of 10 to 30 times the height of the windscreen on its lee-side and as far
a8 about 10 times this height on the windward side. For practical purposes the
shelterbelts are planted generally at distances of 20 to 30 times their height.

3. Mechanical Effects of Plant Roots

It is & common experience that a goil containing a well-branched root system,
such as a grass sod, generally has a good structure. How this favourable influence
is exerted by the roots is & question, which still cannot be answered completely
al present. Roots can affect soil structure in several ways: they can exert pres-
sures upon the goil, the branched root system can keep looze soil particles to-
gether, dessicates the soil, thus influencing soil structure, the different types of
organic matter arising from a microbial attack of the dead roote affect the struc-
ture and its stability, and perhaps root excretions play s part. In this section
we will restrict ourselves to the mechanical effects, in which the roots are acting
more directly. The indirect influences via moisture content and organic matter
will be treated in the sections 4 and 5 respectively.

“The growing roots develop a net-work of fine channels in the soil, which
is, left more or less complete after the roots have been decayed, The volume
of this network can be estimated from determinations of root-weights (see o.g.
ScHEUURMAN 1958), supposing the moisture percentage of the fresh roots is 78 and
their density is 1.04 gfem®. From the results mentioned in Table 9 it appears that
in comparison with the total pore volume of the =oil {of say 509;) the root volume
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is rather small and that in the top layer the latter volume is much greater for
grass than for wheat. It must be emphasized however that this effect of increasing
the porosity i to a certain extent a cumnulative one, since in the next geason the
roots grow partly on other places and most root holes have lifetimes longer than
one year. Therefore, undoubtedly the observed effect will he much greater

Table 9. Root volumes for perennial ray grass and spring wheat on o clay soil

layer weight (kg/ha) root volume
orop {om below of the air-dry
surface) roots! m3/ha % of volume
perennial ray grass 0—10 6000 26.2 2.6.
10—40 3000 13.1 0.4
spring wheat .. ... 0—10 1600 6.6 0.7
10—40 800 3.5 0.1

1 After ScHUURMAN (1858).

than is suggested by the figures in Table 9. Tt must be noticed that this effect is
not only confined to the topsoil, but is especially significant for the strueture of
the subeoil. In this respect deep rooting crops such as lucerne are important.

Roote are thought to loosen the soil by the pressure they exert on the adjacent
soil, due to their transversal growth. Especially when roots penstrate into a clod
along a former cleavage plane or another point of weakness they can split up the
clod and can introduce or increase the granulation. Mainly this ocours in clayey
soils under moderate moisture conditions. If such a eoil is wet root pressure
gives a plastic deformation, in the dry soil roots are usually unable to penetrate
clods and are growing and branching in cracks already present. On the other
hand the transversal root pressure can press the particles of a loose soil together
into small aggregates and perhaps may increase the stability of such aggregates,
if present, by means of a cerfain compression.

Roots and root hairs often literally enmesh soil granules, thus enlarging
their stability. According to Low (1955} this occurs especially in sandy soils,
where the relatively large pores enable the roots to penetrate into the soil com-
paratively easy. The aggregates formed in this way are fairly water-stable, but
are generally very weal toward mechanieal forces. In clay soils this aggregate
building by roots seems to be of little importance because of the strong binding
forces in these soils.

Much more experimental results, however, must be available to obtain a
complete understanding of the mechanical root effects upon soil structure.

4. Influence of Soil Moisture and Temperature as Affected by Crop Growth

The ways in which soil moisture and soil temperature can affect the structure
of the soil were described in the preceding chapter. Here we will report briefly on
the influence a crop has on soil moisture content and soil temperature in relation
to structure.

A crop diminishes the quantity of precipitation that reaches the soil surface
(interception) and decreases the evaporation from this surface. On the other hand
it increages the removal of moisture from the soil by transpiration.

The quantity of intercepted rainwater thai evaporates directly from the
plants varies with the kind of crop and with the kind and size of precipitation.

19*
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Although only very fow data for the interception of agricultural crops are avail-
able, its annual magnitude seems to be generally between 5 and 15 pereent of
the annual rainfall (ACKERMANN ef al. 1955).

Under a dense vegetation the evaporation from the soil surface as compared
to that of a bare soil will be small, owing to the strongly diminished air move-
ment and the lower maximal temperatures under the vegetative canopy. The
total evaporation {evapotranspiration) from a soil covered with a crop, however,
is much greater than the evaporation from a bare soil. Under the circumstances in
N.W. Europe the ratio of their annual magnitudes is about 17 as can be derived
from the lysimeter results of MascErAUPT (1948) and others. Therefore the total
effect of a crop generally will be a lessened moisture content of the soil. On clay
or clayey soils this can give cracks, especially in the neighbourhood of the roots
where degiccation is greatest, a
certain stabilisation of tilth (Low
1955) and easier cultivations after
harvest in a wet sutumn, resulting
in a hetter structure. Further,
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b. Effects of Organic Mattor Originating from Vegetation

Generally there will be no difference of opinion about the fact that organic
materjal brought inte the soil has a favourable influence upon soil structure,
Roots and stubbles of harvested crops and other plant residues contribute to a
considerable extent to the organic matter supply of the soil (Table 10, GoEDE-
WaAGEN and SoRUURMAN 1950). This more or less fresh. organic material under-
goes a series of chemical transformations in the soil owing to microbial activity
and depending on weather, soil, crop and other factors that influence this activity.
In the course of thig transformation various intermediate products arise which
wan bhe more or less microbial resistant, It appears that some of these products
play a part in respect,to soil structure.

Several authors have shown that certain polysaccharides and polyuronides
ag well as the soil bacteria and fungi themselves affect soil structure stability
(see e.g. RWNNIE ef i, 1954), All these agents, however, are not microbial resistant
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but deesy rather easily. Therefore fresh organic material must frequently be
brought into the soil if it is to affect soil structure in this way. Roots and stubbles
of crops give such a periodical supply (PEERLEAMP 1950).

A regular organic dressing of the soil, however, also leads to a certain per-
centage of organic matter in the soil when a state of equilibrium is attained. This
percentage depends on climate, crop, soil and soil management. KowErame
{1957) emphasized in this respect the intensity of cultivation and the nitrogen
and albumen content of the organic material. If the latters were high and the
cultivation intensity low the increase of the organic matter percentage was high.
According to KoRTLEVEN (1959) an annual supply S (dry weight) to the soil with
organic materials in the Netherlands resulted eventually in an increase of the
organic matter content of the soil of 1/20 8.

Soil organic matter, consisting for the greater part of materials, which are not
so easy assailable by the svil microbes as the temporary cementing agents men-
tioned above, affect soil structure as iz shown by several authors (see e.g.
PEERLEAMP 1950, Baver 1966, Borrmn 1059). The way, however, in which. the
more stable soil organic matter influences structure iz still somewhat obscure
at present. BEUTELSPACHER {1955) and Fraic (1958) report that the humic
acids themselves are not able to cement clay particles together, but that
gesquioxides must be present too. Ecawa and SErtva (1956) found the fraction
of very small aggregates {<Z0.1 mm) to have the highest percentage of colloidal
clay and humic acids. Therefore these materials seem to play a part, chiefly in
the forration of very small aggregates. Extraction of soil organic matter with
various solvents indicates the importance of the easy soluble, so-called raw
humus, accumulated in the rhizosphere, in cementing soil particles and small
aggregates into big ones. According to FOraETEG (1957) aggregation in the
top layer of 12 cm occurs especially in the period from spring till harvesting time,
He concludes that root growth and microbial activity are the main causes for this
aggregation, whereas soil moiséure is only a secondary factor.

It is obvious that a crop not only affects soil structure by bringing fresh
organic material into the soil but also more indirectly by its effects on soil moisture
and temperature, which in turn influence the microbial activity. Generally
speaking, however, the micro.organisms in the soil can grow within a wide range
of moisture percentages and temperatures, so that the effects of the latter on
mierobial activities are mainly restricted to extreme circumstances.

Summarizing it can be said that a crop as well by the “natural orgénic manur-
ing” due to its roots and stubbles, which can be transformed microbially into
various structure improving agents, as by its effects on the microbial activity
via moisture percentage and temperature can affect soil structure. A complete
picture of this complex occurence, however, cannot be given just yet.

6. Effects of Tillage Operations as Related to Crop and Rotation

Soil cultivations and other mechanical soil treatments as e.g. the mechanical
harvesting of potatoes, greatly affect soil structure. The result depends mainly
on the type of soil and its moisture content. For a certain soil the latter is deter-
mined mainly by the climatological conditions. Generally, mechanical soil treat-
ments affect principally the actual structure and not the structure stability.
Therefore the resuli: of such a treatment in the course of time mainly depends cn
the weather in the previous period (see the preceding chapter).

Sinee every crop has ite specific requirements with regard to soil cultivations,
etc., different crops and rotations can affect the structure of a soil in different
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ways, mainly owing to the different times at which the soil is treated and the
frequency and intensity with which this is done. The seedbed preparation of a
winter erop usually takes place earlier in autumn and therefore generally under
somewhat drier conditions and also more intensively than autumn ploughing
for a spring crop. At the beginning of the winter, the soil of the winter crop will
be finer granulated. What happens during winter depends on the soil and weather,
On g, sandy clay soil the wintercrop can give a certain protection against structural
deterioration, g0 that the structure in spring iz worse on the bare soil. On a
heavy clay soil, however, the crop prevents the goil, to a certain extent, from the
beneficial freezing, resulting in a better structure on the bare soil in spring.

Fine seeds require fine granulated seedbeds. Low row crops make possible
& more intensive treatment of the top soil by hoeing and earthing up. Harvesting
potatoes and sugar-bects with lifting-machines gives an intensive soil treatiment
too. On heavy elay soils these intensive mechanical soil treatments can have a
favourable effect upon structure if the soil is not very wet. On light soils, how-
ever, granulation becomes too fine and structure will deteriorate very easily.

Crops such as potatoes, sugar-bests and cover crops that must be harvested
late in the season increase the chances that harvesting and tillage operations must
be done under wet conditions and that, therefore, on clay soils structure will
deteriorate,

Generally, however, these effects of mechanical soil treatments are only
temporary. Usually they disappear within one year.

7. The Total Effects of Different Crops upon Seil Strueture

In the preceding sections the ways in which a crop can affect soil structure
have been briefly discussed. What are, however, the total effects of the different
crops ! Although literature gives a lot of data that could help to answer this
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Fig. 67. Effect of ley farming on the pore space with & 2- and 4-yoar ley-period on a sandy scil and
with & 2.year ley-period on a silby loam (according to Borrer)

a Sandy soil, continucus arable land; b Sandy soil, ley farming {4th and &th year grass); ¢ Ssndy aoil,
ley farming (2nd, 3rd, 4th and th year grass); d Silty loam, continuous arable land; e Silty leam, ley
farming (2nd and 3rd year grass)
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question, most of them characterize soil structure in an nsufficient way. There
is a lack of data especially concerning the actval structure and its changes in the
course of time. Further it 18 often not quite certain that the cbserved structural
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differences are entirely due to differences in crops and that no other factors pldy a
part. Some general remarks however can be made.

It is commonly believed that grass generally has a favourable effect upon
soil structure {see e.g. EBERT 1953). But it must be emphasized that this is
especially true for a sod which has been ploughed up and that often the actual
structure of grassland is a relatively dense one, owing to a compression of the
soil by cattle. This is a common experience in ley farming, as is illustrated for
two different soils in the Netherlands by Fig. 67.

On the sandy soil with a relatively large pore volume this volume is strongly
reduced during the ley-period and it tends more to the level of arable land after
the ley has been ploughed. On the silty loam, however, which has a much smaller
pore space, the depression in the grassland years is not so great and an increased
pore space level remains after ploughing the ley. WirLiams and Cooxs (1961)
report that keeping a soil three years under grass stabilizes the structure,
mainly during the first year after plowing up the sod. The latter agrees
with a result obtained by KoBLET and WrHRLI (1959), who furthermore found
that aggregate stability was higher under grass than under legume five months
after the establishment of the ley and that this stability increased with an increas-
ing proportion of grass in grass-clover mixtures.

Several authors (Eeerr 1953, PRINGLE and Courrs 1956, WisNIEWSKI ef al.
1058 and others) have reported on the influences of different species of grass
on soil structure. Generally, however, their results are not concordant enough

Table 10, Adr dry weights of roots in the topsoil (0-20 cm), including stubbles if present,
of different crops in 100 kgiha

(after GOEDEWAAGEN and ScHUUrMAN 1950}

orop Wﬁightr of roots
(inel. stubbles)
e - S old grassland 70 {23 to 110)
loy (7 years old) i
ley (3 years old) 89
corealS. ... oo i spring barley 14 ,
spring wheat 15
winter barley 21
winter wheat 26
oats 28
rye 31
TOOb ETOPS. v e i potatoes 3
sugar-heets ]
mangolds 8
legumes and pulses .......... serradella 3
peas 4
vetch 7
lupine 9
trefoil 10
horse beans 12
white clover 14
red clover 22
lucerne 57
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for making a sequence of the species regarding their effects on soil structure.
This seems to be due to other factors such as type and fertility of the soil, moisture
conditions, climate, etc. that affect grass growth and in this way soil structure
too. Therefore an improvement of soil structure by growing grasses requires the
use of a mixture of grass species that is adapted to the local conditions. Differences
in graes species appesred to have a greater effect on the water stable aggregation
of & heavy clay soil than differences in herbage utilization (TRouamrow 1961).

The same difficulties as with the grass species are met if one compares the
effects of different crops on soil structure. Gemerally, however, it is found
that grasses have a more favourable influence upon soil structure than cereals
and that cereals are better in this respect than root crops (EsErr 1953). This
seems to be caused chiefly by differences in the extent of the root.system (see
Table 10). It must be emphasized that the differences between grass and other
cropg are somewhat smaller than Table 10 would suggest at first sight. Grass
renews only a part of the root system (say 1/3) each year. A 3-years ley that
wag ploughed has brought during these 3 years a quantity of organic material
into the top soil of 1%/, of its root mass or about 14500 kg/ha. For cereals this
is three times about 2200 or 6600 kg/ha, which is still a big difference. Root
crops contribute very little to the organic matter supply of the soil and have
therefore not a favourable influence upon soil structure in the long run. They
can have a certain favourable temporary influence on soil structure owing to
the more intensive tillage that is associated with them (see section 8). Legumes
are generally prefered with respeet to the effects on soil structure than their
roct weights suggest. It seems that this is due to their covering action and their
moisture uptake (see sections 2 and 4), perhaps sometimes also to their nitrogen
effect. They seem however to have only a transitory effeet on soil structure
{MorTENsEN and YouNag 1960).

8. Crop Rotation and Soil Straeture

From the results mentioned in the preceding section it follows that crop
rotation enables us to influence soil structure. Sinee, however, the effects of
rotation on soil structure depend on several other factors related to soil, soil
fertility. cultivation methods, climate and weather, ete. they can only be broadly
outlined,

Several authors (PEERLEAMT 1950, Mazurax ef al. 1954, ForoETEe 1957)
report that a continuous cropping of potatoes causes a poor soil structure. Others
(WooDRUFF 1939, fWILs0N ef al. 1947) have observed the same for corn and (JoNEs
1961) soybeans. Generally, the structure could be improved by adding cereals,
clover ag catch crop, lucerne and ley in the rotation. WirLiaMson ef al. (1959)
obtained a very good granulation with an 8 years rotation in which 4 years ley
were included. KonERaMP (1957) emphasized also the necessity of cropping
arable crops alternately with legumes and grasses. Low (1955) has stated, how-
ever, that an improvement of a poor structure of arable land by means of ley
farming often takes a long time, e.g. 50 years. It is commonly believed that the
effects on soil structure of green manuring are smaller than of ley farming.
RBecently this is borne out by the results of a study made by one of the authors
{BOEEEL 1963) on the influence of three different rotations upon the properties
of a clay soil. These rotations were:

@) potatoes, peas, wheat, sugar beets, barley and flax, without any organic
manure;
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b) the same rotation with legumes or other green manuring crops after wheat
and flax;

¢} ag rotation @, but with two years ley between flax and potatoes, with
green manuring crops after wheat and flax and with about 20 tons/ha farmyard
manure, applied in three out of the sight years, which is one cycle’s duration.

After 10 years the organic matter content and the pore and air volume of the
goil under rotation & appeared to be 0.1% of weight and 0.5—1.0% of volume
higher than those of the soil with rotation a. For the soil under rofation ¢
these differenees were 0.5% of weight and 1.0—2.0%, of volume respectively,

Different rotations with nothing but arable crops such as cereals, root crops,
peas, flax, ete. in various frequencies seem to aflect soil structure in about the
same way. ’
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