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The problem of agriculture is as old as agriculture itself. The core of the
problem has always been soil erosion, the loss of fertile soil. In our time, when
the energy input into agricultural production has increased, a new problem has
been added and has exacerbated the old problem. The growing human popula-
tion increases global demands due to both population growth and increased
consumption. In the year 2020 agricultural production must be increased by 90
to 140 percent for cereals, meat and vegetable oil (FARRELL et al., 1984). Just
to maintain the current level of per capita consumption, grain production should
be 56% higher than the 1985 levels (WOLF, 1987).

Historical and recent experience in agriculture suggests that these gains are
not likely to be achieved without negative effects on natural systems, environ-
mental quality and rural communities. Chemical and energy subsidies have to
be efficiently assimilated within an agroecosystem to increase production
(FRANCIS & HILDEBRAND, 1989; EHRLICH, 1985; MAGLEBY et al., 1985).
Agriculture in developed countries has moved progressively from traditional
practices relying on the natural soil fertility and regenerative powers to prac-
tices depending on high levels of inorganic fertilizers, the intensive use of
chemicals for pest control, and crops produced mainly under a monoculture.

Concern about sustainability can be dated from the First Earth Day in 1969;
and has been given very different definitions (LARSON et al., 1982; CARTER,
1989; LOCKERETZ, 1988; RUTTAN, 1988; HAMILTON, 1989). According to
YORK (1989) sustainable agriculture is a farming practice which avoids or at
least minimizes the use of non-renewable production inputs such as fertilizers,
pesticides and herbicides.

LOWRANCE et al. (1984) defined sustainable agriculture that does not
deplete soil or people. The idea of sustainable agriculture is popular among
people interested in alternative systems of agriculture which minimize the
potential negative effects of feeding a growing population (LOWRANCE et al.,
1986). DOUGLASS (1984) identified three different views of sustainability. The
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first view - called sustainability of food sufficiency - seeks to maximize food
production within the constraints of profitability. The second view - sustain-
ability of stewardship - defines sustainability as controlling the environmental
damage caused by agriculture. The third view - sustainability as community -
defines sustainability in terms of maintaining and reconstructing the rural value
of ecosystems.

Studies on the sustainability of agricultural production and the connections
between agriculture and environmental quality have been initiated in developed
countries, but in less developed countries, with an inadequate food supply, the
difficulties are even more serious. The Agency for International Development,
dealing with agriculture and resource management in developing countries, can
address these problems on a global scale. The aim of the presented work is to
examine the sustainability of production in the Westsik crop rotation experi-
ment and to draw attention to the importance of long-term experiments in the
study of soil organic matter.

Description of the Westsik Crop Rotation Experiment

The experiment, which was established in 1929, contains 46 plots, each of
which measures 0.27 hectares, separated by narrow paths. Table 1 lists the 15
treatments together with the symbols used to distinguish them, the amount of
organic matter applied and also the sequence of crops grown. At the beginning,
Westsik introduced certain changes in the number of crops in the rotation and
adjusted blocks F-13, F-14 and F-15 in 1932. During the first 10 years he also
tested leguminous crops suitable for growing under the adverse soil conditions
of the Nyirség region.

The rate of fertilizers applied was increased in 1951 after 7 complete cycles
and in 1972 after 14 complete cycles, while the manure treatments were kept
unchanged. Vilmos Westsik maintained strict control of all operations on the
plots, and to ensure the validity of the results he made great efforts to keep
down weeds. The results were reviewed from time to time in several massive
papers discussing the yield results and some measurements on quality
(WESTSIK 1941, 1951).

Yield data are divided into five sections and three time periods. The first
covers the control treatments, where fallow and organic manure were applied
without fertilizers. The second group shows the effects of different straw ma-
nure treatments. The third group is used to study forage production and farm-
yard manure treatments. One is used to compare different ways of utilizing the
lupin main crop and a further to study the method of production and application
of lupin green manure as a second crop.

The F-1 block received no fertilizers or organic material treatment except the
rye stubble, potato roots and straw incorporated into the soil. The fallow in this
block was a green one and the plant material was ploughed into the soil.
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The F-2 block represents a green manure treatment, where lupin was grown
as the main crop and incorporated into the soil 4-5 weeks after flowering. The
phosphorus and potassium fertilizers in this treatment were distributed before
the lupin.

The F-3 block represents a lupin root manure treatment, where lupin was
grown for grain and the total organic material, except the grain, was incorpor-
ated into the soil.

Blocks F-4 to F-7 represent straw manure treatments. In the F-4 block rye
straw was applied as a mulch. In blocks F-6 and F-7 straw manure was fer-
mented without nitrogen and in block F-5 with nitrogen addition. The straw
manure was incorporated into the soil 4-6 weeks before sowing the rye.

F-8 is the only 4 series crop rotation block where lupin occurred twice in 4
years, once as a main crop produced for grain and once as a second crop pro-
duced after rye and before potato for green manure.

In the F-9 block lupin was grown as a forage crop and harvested 2-3 weeks
after flowering.

Blocks F-10 and F-11 represented farmyard manure treatments without and
with supplementary fertilizers, respectively.

In the F-12 block lupin was grown after a forage crop (rye) sown early in
May. This block was also evaluated with farmyard manure treatments.

Blocks F-13, F-14 and F-15 represent green manure treatments, where lupin
was grown as a second crop after rye before potato. F-15 received no supple-
mentary fertilizers. The difference between blocks F-13 and F-14 can be found
in the time of incorporation of the green manure.

Results

One of the main practical objects of the Westsik crop rotation experiment
was to measure the long-term effects of different organic manures and inorganic
fertilizers on the yield of rye and potato. In individual years yields are affected
by unpredictable factors, such as weather conditions at critical stages or attacks
by pests and diseases (Figure 1). The decline of yields between 1960-1975 was
the direct effect of weed competition, as labour was not available at that time
for hand hoeing. To smooth out the effects of such factors the yields in this
summary are averages over 21 years. They estimate the results likely to be
obtained from specific schemes of manuring over a period of years.

When considering 63-year averages, rye yielded better in treatments where
lupin green manure and higher rates of phosphorus and potassium fertilizers we
reapplied (F-8, F-2). In F-11, farmyard manure supplemented with phosphorus
and potassium fertilizers also resulted in a high yield. In straw manure treat-
ments rye yielded less than the main average (AVG) of the experiment. The
lowest rye yield was measured in series F-1, F-15 and F-7; i.e. in control treat-
ments, where no fertilizers were applied.



AGROKEMIA ES TALAJTAN Tom.43. (1994) No. 3-4

309

Yield (t/ha)

Yield (t/ha)

A
50
45
40
35
30
25
20 -
15 ; i - &
10 |h T l !
(LTI AT 1] (R
! T TR
GTTi‘llllllllIliililliIITIITTEFII'IEIIITYT'T‘EIil(lIIII'IIIIIII
1931 194 1951 1961 1971 1981 1991
Years
B.
6
5
4
3 o -
21 o HE - _‘
; L
0l!'illfllIIIlYllIT('I‘Iii(lllTTillillll'l"lIIFIITITIII?(ITT&‘[I[I
1931 1941 1951 1961 1971 198 1991
Years
Figure 1

Minimum and maximum yield of potato (A) and rye (B) in the
Westsik crop rotation experiment
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Concerning the yield of rye, an increasing tendency can be found in series F-
6, F-8 and F-11, where straw, green and farmyard manure were applied and
supplemented with fertilizers. Fallow (F-1), straw manure (F-7) and lupin as a
second crop without fertilizer addition (F-15) resulted in poor yields and a de-
creasing tendency over time.

The soil organic matter (SOM) content increased in treatments where farm-
yard and straw manure were applied (series F-6, F-7, F-10, F-11). As soil
organic matter changes only slowly with time under Hungarian conditions, it is
not surprising that data from the Westsik experiment show little difference in
organic matter content within the treatments. SOM declined steadily in the fal-
low treatment and after more than 60 years it has not yet reached an equilib-
rium. In the straw manure treatments the SOM content increased as a result of
improved organic matter management but the effect of rye straw mulch in treat-
ment F-4 is surprisingly small. In all treatments the SOM content in the green
manure treatment is low, highlighting the importance of the quality and quan-
tity of organic material. Soil organic matter continuously declined in the second
crop green manure treatment (F-15). Yield and soil organic matter tended to in-
crease with fertilizer application, where the cropping sequence had been in
favour of building up humus.

The amount of humus in the soil tends to move towards an equilibrium
value which depends on the farming system practised and on the soil and
climatic conditions. The carbon content of unfertilized soil decreased, while in
fertilized treatments it increased. In the lupin green manure treatment the annual
losses of carbon were balanced by annual gains. Where 26.1 t/ha farmyard ma-
nure and 26.1 t/ha straw manure were applied every third year the organic mat-
ter content increased but equilibrium has not yet been reached.

Correlations between the organic matter content of the soil and the yields of
cultivated plants are shown in Figure 2.

In the control treatments rye yielded 1 t/ha less than in fertilized treatments,
where the soil organic matter has a very small effect on yield. Soil organic
matter increased the potato yield both in the fertilized and control treatments.

Discussion

When the experiment was started in 1929, the soil was in a poor state of fer-
tility as it had already been used to grow rye and potato without manure for
many years. The territory was suitable for testing different methods of organic
manure application. The yield of rye in the fallow block was very small and the
effect of lupin main crop and farmyard manure was equally important at the be-
ginning. A few years later another important result emerged and Westsik was
able to distinguish between the effects of the organic manure treatments ap-
plied.



AGROKEMIA ES TALAJTAN Tom. 43. (1994) No. 34 311

A.
14 y=112+14.64x F-8 m_?
i3 % = 0.80 N
F-§
12 L
11 i
= ) E-10
L - =
= 10
= F3
= 4 =
g g vr
=
o)
a 8
= =3 =2
n? - F--7
7 15 ¥Y=-1.09+12.05 x
= r’ =0.97
6
5
Bl
4 = ,

0.4 045 05 055 06 065 07 075 08 085
Organic matter (%)

B.
35
¥ =2.03 +0.87 x
r*=0.18 oy
m
3 B2
F-6
= F"%
=],
E = e
L : =
= rx m F 5 o
o = n
©
=
g 2
& y=052+1.17x
£ =0.99
1.5 7
|1
=15
- §
l:l
1 - ;

04 045 05 055 0.6 065 07 075 08 085
Organic matter (%)
Figure 2
Crop yield as a function of soil organic matter content.
A. Potato yield. B. Rye yield.



312 LAZANYI

The importance of lupin on sandy soil with a low pH content was confirmed
but there were signs that plots treated with straw manure required additional
nitrogen to produce a full crop. Vilmos Westsik realized that rye can be grown
with much better results in these treatments than in the traditional fallow system
and went on developing an appropriate, sustainable cropping system in which
the ratio of leguminous crops was increased or inorganic fertilizers were used to
maintain the fertility of the soil.

The soil fertility in the Westsik crop rotation experiment is strongly linked
to soil organic matter (SOM) through its influence on soil physical properties
and plant nutrient supply. Long-term experiments are used to study the effect of
fertilizers and additional organic matter on SOM (RASMUSSEN et al., 1980;
SAUERBECK, 1982; KOFOED et al., 1984; ODELL et al., 1984; McGILL et al.,
1986; BALESDENT et al., 1988; PAUSTIAN et al., 1992). The results of these
long-term experiments have contributed substantially to our knowledge on the
behaviour of organic matter in the soil.

In the Westsik crop rotation experiment the organic matter treatment en-
compassed a wide range of organic matter inputs: a) fallow (none); b) lupin
roots only; ¢) lupin green manure main crop; d) lupin green manure second
crop; e) rye straw; f) rye straw manure fermented with or, g) without N fertil-
izer; and h) farmyard manure. In this experiment the type of organic matter
addition was the most important factor determining the organic matter level and
also yield trends of different crops.

Organic material with a higher lignin content, i.e. rye straw manure, resulted
in a higher accumulation of SOM than lupin green manure. The addition of
straw manure resulted in an 8.5% higher total soil organic matter content com-
pared to farmyard manure. Many long-term experiments have also found dif-
ferences in soil organic matter with respect to the type of organic matter added.
The ability of farmyard manure to maintain and/or increase soil organic matter
is known (JENKINSON & RAYNER, 1977). ANDERSON & DOMSCH (1989) re-
ported that differences in the ratio of microbial biomass carbon to total soil or-
ganic matter could be related to the type of organic matter applied. They also
suggested a higher overall yield efficiency of microorganisms in a mixed rota-
tion.

Lupin as a leguminous crop appeared to have a very positive effect in the
Westsik crop rotation experiment (WESTSIK, 1941, 1951). However, in some
studies little or no influence of residue quality on soil organic matter content
was found. JENKINSON (1977) as well as JENKINSON & JOHNSTON (1977)
found 15% greater first year decomposition of straw under unfertilized vs. fer-
tilized barley, POWLSON et al. (1987, 1992) found similar differences in decom-
position in unplanted vs. planted soil. Another mechanism by which mineral
nitrogen availability might affect soil organic matter levels would be influenced
by microbial efficiency. To analyze the interaction of these factors, including
the indirect effects due to feedback between plant growth and soil processes,
modelling will be essential.
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The amount of SOM depends on: a) the input of organic material and its rate
of oxidation; b) the rate at which existing soil organic matter decomposes;
c) soil texture; d) climate. The first two factors are dependent on the farming
system practised. All four factors interact so that humus levels tend towards
equilibrium values. In temperate zone these changes are too slow to evaluate in
field experiments or in practice.

Soil organic matter increased when a large amount of farmyard manure was
applied, although recent calculations have shown that much organic matter was
lost from these plots by mineralization (LAZANYI, 1993).

Fertilizers combined with organic material increased yields and soil fertility.
The result clearly indicated a benefit from the fertilizer applied. Most of this
benefit was ascribed to the higher nutrient level and availability. Only a small
part of it can be attributed to the higher drought tolerance of crops in the green
manure and lupin green forage treatments. The yield results showed some bene-
fits for lupin green manure compared to farmyard manure, which can also be
explained by the extra nitrogen supplied by this crop. These benefits from extra
organic matter began to be measured when crops with higher yield potential
were introduced and agrochemicals became available to protect this yield poten-
tial through the control of pests and diseases (Tables 2 and 3).

It is of great interest that there have been benefits from ploughing in rye
straw, especially now, when there is a ban on the field burning of straw. The
soil in Nyiregyhdza contains only 0.6% organic matter and this may be one
reason of the benefit observed when the straw or straw manure incorporation is
followed by nitrogen treatments to adjust the C/N ratio.

The soil of the F-6 and F-11 treatments now contains about 50% more or-
ganic matter than the soil of the fallow treatment. The increase represents
10.3 per cent of the total organic matter applied as straw an i farmyard manure.
These results confirm the data obtained in the Broadbalk a1 d Hoosfield experi-
ments by JENKINSON & JOHNSTON (1977) and JOHNSTON (1986). During the
past years the organic matter content has decreased in the F-1 and F-15 treat-
ments. A large loss of organic material occurred before the experiment was set
up, as the equilibrium value specific to a forest system on similar soil and under
similar climatic conditions is 1.5% soil organic matter.

Lupin green manure increased soil organic matter only a little. The higher
equilibrium compared to fallow comes from the extra organic material of lupin
ploughed into the soil. The amount of green manure incorporated into the soil
was not measured and depended on the climatic conditions. According to the
estimation of Vilmos Westsik, lupin yielded well in 3 out of 10 years (60 t/ha),
corresponding to 12 t/ha dry matter. In some treatments lupin was harvested for
grain and forage, thus reducing the organic matter input. In these treatments
(F-3, F-9) the soil organic matter content was similar to that of F-2 where lupin
was used as green manure.

The largest gain occurred in treatments F-6 and F-11, where 4.2 t/ha or-
ganic matter was applied. An appreciable increase in soil organic matter can
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only be achieved by adding large quantities of organic material to the soil; how-
ever, only 10.3 % of the organic matter added as straw or farmyard manure is
still in the soil after 63 years. The increase in soil organic matter per tonnes of
organic matter added per hectare was approximately 0.0105, 0.015. The higher
equilibrium in this treatment can only be maintained by the permanent applica-
tion of organic manure.

The addition of fertilizers increased both yield and roots. The increased soil
organic matter content in these treatments comes from the extra roots and
stubble ploughed in each year. In these plots the annual losses of carbon have
been balanced by annual gains for the past 63 years. High yielding varieties of
rye and potato benefit from the better soil physical conditions associated with a
higher level of soil organic matter. Some of the benefit of extra soil organic
matter may be related to enhanced soil water and ion retention capacity. The
amount of organic matter retained in the soil is dependent on the quantity and
quality of organic material added.

The effect of organic manure in the Westsik crop rotation experiment was
measured by yield. Responses to NPK fertilizers were larger in treatments
where farmyard manure and lupin green manure were applied. Further research
is required to decide how much of the effect of the organic matter is due to

1) the supply of nutrients, especially nitrogen, at that time and in those parts
of the soil profile where it may be of benefit to the crop,

2) an improvement in soil structure, allowing roots to develop rapidly
through the soil to take up water and nutrients, and

3) increased retention of water.
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