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PRODUCTIVITY OF A SANDY RYEFIELD* 

(Ekol. Pol. 21: 339-357)-. Studies were made in 1969 and 1970 of the total 
production of vascular plants in a ryefield in the southem part of the Wielkopolska region 
of Poland. 

Rye and weed production was defined on the basis of samP,les taken at the time of 
ma"imum develo_pment of the plants, and this evaluation was supplemented by an estimate 
of the biomass of sterile shoots which died during the development of the rye. 

While total primary production was approximately equal in the two study years (ranging 
from 1007 to 1159 g/m2

), considerable differences were found in the production of sterile 
shoots .and also of rye grain. 
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1. INTRODUCTION AND STUDY AREA 

The studies presented here on primary production of a ryefield form ~n 

integral part of the research undertaken by the Agroecological Station of Polish · 

Academy of Science in Turew on the energy. flow and matter circ\).lation in the 

ecosystems of cultivated fields. Although the primary production of these fields 
was already estimated by Herbi eh (1969), we still need, · every year, new 

current data on the production value of the first link in the ·food chain of the 
fields in which these group ecological studies are concentrated. 

The study area consisted of cultivated fields belonging to the Plant Breed
ing Station at Rogaczewo (administrative district Koscian, Poznan vo.ivodshi p) 
adjoining a wide shelter belt forming an avenue running north to south. In 1969 
the ryefield was situated to the west of the shelter belt, in 1970 to the east. 

The soil of the two fields (K ut er a 1956) was·light ~nd sandy, with a poorly 

formed humus horizon up to a depth of 30 cm~ The soil is highly permeable, 
with poor water retention, because of the preponderance of · the sandy fraction 
in its mechanical composition. 

In both fields the soil comes within class I in respect of assimilable potas
sium and phosphorus (15.5-27.5 mg K20/100 g of soil, 10.6..:...50 mg P 20 5 /1 g of 
soil). The same is true about calcium. Active acidity of the superficialllayers 

of soil defined in H20 was 7.40-8.70 in the field on the west and 5.9-7.20 in 

the field on the east. Hydrolytic acidity was 0.25-0.35 and 1.2-3.1 ml 0.1 n 
NaOH/100 g of soil, respectively. 

The segetal plant communities developing in the grain crops in these sandy 

soils, which are relatively rich, low in acidity and r.apidly drying in spring, 
belong to the Papaveretum argemones association characterized by a spectacular 

spring aspect off weeds (Tab. 1). It is a wellkno~n fact that there is a distinct 

connection between a field plant association defined on the basis of character
istic species of weeds an.d the crop yield of cultivated pla~ts (Walthe~ 1953 

and 1954). ·There can thus be no doubt that in time, 'i~ will be .Possible, to grasp 

the connection between the plant association and the .value of the total plant 
production of a field. 

The weather in the two study years differed, particularly in respect of 
rainfall during the growing season (Tab. 11). In 1969 the~e was a severe drought 

in July (10.6 mm rainfall as compared with the long-term ~ average for July of 
66.7 mm), combined with average high temperature (20:0°C). This had no 
harmful effect at all on the rye crops, which had by then ripened and dried. In 
1970, on the other .hand, there was very heavy rainfall in April when the rye 

was tillering (66.8 mm as compared with long-term average of 38.9 mm). There 
.. 

was, however, a drought by June (26.9 mm as compared with . long-term average 

of 56.4) with a high temperature of 18°C. This type of weather was unfavourable 
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Plant community of the ryefield 

Section of the field 

Cover of the rye stand 
Cover of the field weeds 
Date of the record 

Apera spi ea venti 

Polygonum tomentosum incanum 

Vicia angustifolia 

V. hirsuta 
Centaurea cyanus 

V. tetrasperma 

Lithospermum arvense 
Viola arvensis 
Polygonum convolvulus 

Thlaspi arvense 
Veronica arvensis 
Myosotis arvensis 

Anagalis arvensis 

Anthemis arvensis 
Lycopsis arvensis 
Sonchus arvensis 

S. asper 
Ste llaria media 

Geranium pusillum 
Agropyron repens 

Capsella bursa pastori~ 
-Chenopodium album 

Cirsium arvense 
Equisetum arvense 
Poa annua 
Descurainia sophia 

Melandrium album 

Crepis tectorum 

Medicago lupulina 
Arenaria s erpyllifolia 

Viola tricolor 
C eras tium s emide can drum 

Polygonum persi,caria 

Veronica triphyllos 

V. hederifolia 
L amium amplexicaule 
Arabiclopsis thaliana 

Erophila verna 

Stellaria media 

Holosteum umbellatum 

A B 
80 80 
30 20 

17 VI 70 17 VI 70 

3.1 2.1 
1.1 1.1 

• + 

+ • 
1.1 • 

1.1 1.1 
+0 1°1 

+ + 
+ • 
• + 

• + 

+ • 

2.1 1.1 
+ + 

1.1 2.1 
+ • 
+0 1°1 

2.1 • 
• + 

1.1 • 

1.1 • 
+ + 

+ • 

Vernal aspect of the field 5 V 1969 

3.1 3.1 
3.1 . 3.1 

1.1 2.1 
+ + 
+ + 

3.2 3.2 
+ • 

Tab. I 

c D 
80 80 
15 30 

17 VI 70 9 VII 70 

2.1 3.1 
1.1 + 

1.1 1.1 
1.1 • 
+ • 

1.1 • 
1.1 • 
1.1 1.1 
+0 1.1 
+ + 

+ + 

1.1 2.1 
+ 1.1 
+ • 
+ + 
+ + 

1.1 • 
2.1 1.1 
+ + 

1.1 2.1 
+ + 

+0 • 
1.1 2.1 
+ 1.1 
+ • 
+0 • 
+ 1.1 
+ • 
+ + 

1.1 1.1 
+ • 
+ • 

+ • 

4.1 4.1 
4.1 4.1 
1.1 1.1 
+ + 
+ + 
3.2 3.2 
+ • 
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Meteorological data for Rogac zewo 

Tab. U 

l Mean monthly temperatures Total monthly precipitation 
Month 

1968/1969 1969/1970 1953/1970 1968/1969 1969/1970 1953/1970 
. 

X 9,3 9,3 40,7 14,2 
XI 4,3 5,3 56,1 36,4· 
XII -2.9 -7.8 29.9 12.4 

-I -4,1 -6,2 46,6 38,1 
11 -2.9 -3,6 24.9 33,3 
Ill -1,0 0,0 32.1 33,0 
IV 7,3 6,6 s.o 42,8 66,8 38,9 
V 14,2 12,4 13,0 38,3 47,7 55,0 
VI 17.2 18,0 17,1 44,7 26,9 56,4 
VII 20,0 18,2 18.8 10,6 46,2 66,7 
VIII 17,3 18,3 17,8 100.4 46.4 68.6 
IX 14,7 13,5 14.5 9,2 53,2 41,1 

Mean tempera• 
tures and total 

7,8 7,0 476,3 454.6 precipitation for 
yPar 

to rye crops, especially as in 1970, the plants did not begin to grow intensively 

until late owing to the snow cover lying far longer than usual. 
Since 1958, two-field rotation of crops had been ·constantly maintained, 

rye and potatoes being alternately grown on the fields. It was only in 1965 
that potatoes were grown on both sides of the shelterbelt. During the study 
years, normal cultivation operations were carried out in th.e fields, including 
heavy mineral ~ fertilization which was very slightly increased in 1970. In pure 
components this consisted of: 

in 1969 P 2 0 5 - 57.6, K20- 92 and N - 65.5 kg/ha 
in 1970 P 20 5 - 72.9, K20- 120 and N - 71.5 kg/ha 

As only two-field rotation of crops was employed each rye crop \·vas grown the 

year directly following fertilization with manure (150 and 250 kg/ha). 
Rye was sown late: in .1969 on September 28th, and in 1970 on October 12th, 

as potatoes were not lifted from the field until the end of September. The "W!o
szanowskie" variety of rye, suited to dry conditions, was sown in amounts of 
135 kg of grain per hectare. 
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2. RESEARCH METHODS AND PROCEDURE 

In choosing the study method the following matters were taken into con

sideration: 

a. the need to grasp as far as possible all the component elements of primary 

production in the field over lhe period of a year (from the beginning of October 

to the end of September). In our studies these weres upper and underground parts 

of rye plants, upper and underground parts of weeds and self-sown aftercrop of 

rye and weeds which are ploughed in autumn; 

h. the need for ensuring that plants or parts of plants which died before the 

cultivated crop became fully ripe are not omitted from the estimate; 

c. the need to grasp differences in primary production over the whole of 

a large field in which habitat conditions were not uniform, for instance on 

account of the vicinity of the shelter belt; 

d. the need to make an estimate of primary production quickly and easily, 

so that in case of need it would be possible to repeat this kind of estimate 

several times at different times and places; 

e. the need to ensure that the least damage possible was done to the culti

vated plants. 
Estimates of the most important component of field production, i.e. the 

upper parts of rye plants, were made principally by the harvest method at the 

time the rye attained full development. Samples taken directly before harvest 

consisted of ripe rye together with the summer weeds growing among it. 

Rye tillers fairly abundantly, but not all shoots growing from the grain form 

culms and, eventually, ears. Part of them die sterile and are not included in 

the crop harvested. Consequently, they were not included in our basic samples. 

Therefore, estimate of corn production based on samples obtained by the har

vesting method at the time rye attained full development was supplemented by 

an estimate of the biomass of sterile shoots dying before the grain ripened. 

The technique of estimating the biomass of sterile shoots was based on 

Tr a c z y k' s method (196 7) for estimating production of upper parts of forest 

herb layers. This method consisted in estimating the average individual growth 

of species at the time they attain full development and their average density 

in the study area, and then -calculating primary production by multiplying these 

two values. This method was adapted for evaluating the relations in the rye 

field. 
' 

Unlike the original method, the density and hiomass of ry~ shoots wa_{' 

estimated twice; first in spring, at time of their maximum density, and second, 

immediately after harvesting. The difference between these densities was used 

to define the number of shoots that died out before rye ripened. This value, 

multiplied by the average biomass of a shoot in spring, gave the value of 
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organic matter produced in the field, but not included i~ the basic sample. This 

way, it was possible to take into account the greater part of dead organic 
• 

matter, although dying leaves and shoots were not collected over the whole 

growing season. The procedure used in these studies was thus as follows: 

2.1.Rye 

2.1.1. Upper parts 

In spring, at the moment of shooting out, i.e. after the rye had tillered and 

developed the maximum number of shoots, an estimate was made of the density 

of rye shoots and biomass of an aver age shoot. 
Density was estimated in situ by throwing a hoop 300 cm2 in area on the 

field of rye, repeatedly, at different distances from the shelter belt and taking 
everything it contained as a sample (Tab • .Ill). 

The biomass of an average shoot was estimated in 1969 on two transects 

running across the field from the shelter belt to the centre; 100 plants were 
taken from each transect. The mass of 200 tillered rye plants was divided by 

the number of single shoot~ contained in this sample, and result gave th~ 
average biomass of one shoot. In 1970, considerable differences in the de

velopment of rye were observed within the field. In addition to shoot density 
per unit of area of the field, the percentage of well developed green shoots in 

the crop, and the percentage of weak yellow shoots in each sector of the field 

were defined; two individual biomasses were also estimated. 

When the rye was fully ripe before the harvest an estimate was made of 
the biomass of the upper parts of plants, taking samples by the harvesting 

method, and cutting the stalks as close to the soil as possible. 

First thing after reaping the corn, its density in the stubble was assessed 

immediately behind the harvester in the same way as in spring. 

The difference between densities of young shoots when most numerous in 
spring and the densities of culms cut during harvesting gave the number of 
shoots / which failed to develop into culms and died before the rye ripened. 

The number of dead shoots was multiplied by the individual biomasses of 

shoots defined in spring. The biomass values obtained in this way were added 
to the values of biomasses defined on the basis of samples taken at the moment 

of full development of the rye. The results obtained were amended by adding 

a small correction for the mass of bases of culms collected with root systems 

but belonging to the upper parts of plants. 
In the harvested crop, the percentage of culms with ears fully formed, 

that on culms with ears not fully formed and the dry mass of grain, was defined 

on the basis of samples taken before harvesting. 
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2.1.2. Underground parts of rye plants 

The biomass of rye roots was estimated together with roots of weeds having 

a similar development period to that of rye (summer weeds). Samples 20 x 20 cm • 
.in area were taken from the plough layer (up to depth of 30 cmJ. In 1969, roots 

were sifted dry but in 1970 were washed with water. Calculation was made of 

total biomass of roots formed in the field; for roots growing deeper 8% were 

added to the values obtained from sifting the plough layer (Herb i c h 1969). 
Aver age figures from all the samples taken were ace epted as root b iomasses in 

sectors from which no samples were taken. Root biomasses of rye and weeds 

were calculated, with assumption that they are in proportion to those of the 
upper parts of the plants. 

~ 

2.2. Weeds 

Biomass of weeds was estimated in two throws : 

1. Spring weeds, small therophytes growing between rows, producing seed 

and dying before the harvest, were picked up together with their shallow root 

systems and weighed after drying. 

2. Summer weeds, with a development period similar to cereals, and with 

deep root systems, were estimated on the basis of the same samples as rye. The 

upper parts of these weeds collected with the upper parts of rye were separated 

in order to dry and weigh them separately. Their root systems, on account of 

technical difficulties in separating them, were dried and weighed together with 

rye, and thus the number of samples and times of their collection were the same 

as for rye. 

2.3. S e 1 f- s o w n aft e r- c r o p of r y e an d we e d s 

After the rye had been harvested self-sown rye from grain spilt during 

harvesting, and small weeds which are usually destroyed during autumn plough .. 

ing, appeared on the field. The organic matter thus produced was assessed from 

samples taken immediately before the field was ploughed. 

The whole of the plant material taken for assessing biomass was dried to 

a constant weight at a temperature of 85°C and weighed with accuracy to 0,05 g. 

Only the production of the vascular plants in the field was thus investigated, 

no mosses or liverworts being found in the study fields. Very slight appearance 

of greeny algae found here and there in the depressions in the stubble field 

after rain was not taken into account. 
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San1ples n umbers and sizes 

Distance Year 1968/1969 
from 

Fields rye weeds shelter-
section • -

belt 1n den shy biomass roots vernal aestival 
m 

5-7.5. 5-8. 7. 7.5. 18-19.7 21-23.7 4-5.5. 19. 7. 

A 0-10 30 30 10 30 3 10 30 

B 10-50 50 100 40 29 - 10 30 

c 50-100 50 lOO 50 31 3 10 29 

D 100-150 50 100 50 30 - 10 30 

E 150-200 50 100 50 30 3 - 30 

Total 
0-200 230 430 200 150 9 40 149 

field 

circle circle 1 plant= circle= square circle circle 
2 

Kind of sample 400 cm 
2 2 2 300 m 300 m 4 shoots 300 cm x 30 cm 1000 cm2 300 cm 2 

3. RESULTS 

3.1. Primary production of the rye field as a whole 

. All the component elements of plant biornass obtained from field samples, 

and from preliminary calculations are listed in Table IV. The final results of 
the estimate of primary production in the field are shown in Table V. 

It can be seen from these tables that the combined primary production of 
vascular plants in the ryefield in both study y·ears is nearly l kg dry rnass/1 n1

2 

(in 1969- 1159, and in 1970 - 1007 g dry mass). • 

These values for ryefield production are almost identical with the values 
obtained for by Kohnlein and V etter at Schadtbek in West Germany (after 1 i et h 
1962), who estimated rye production in 1953 as 1002 g of dry mass/m2 

• 

.In this mass of organic matter the greater part consists of the upper parts 
of rye plants 76% in 1969 and 79% in 1970. 

The roots of rye an·d swnmer weeds in our fields formed almost 16% of the 

whole organic matter produced by these two greatest components of field produc· 
tion, and over 18% of the _mass of their upper parts. This last relation is very 
important on account of the possibility of calculating root mass on the basis 
of the easily measured mass of upper parts. In our case, it is very similar to 
the values in the studies made by Herb i c h (1969), who gives a figure of 16.5% 
for both study years. The values for ratio of root mass to mass of upper parts 
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and sampling date 

Tab. Ill 
-

Year 1969/1970 

sel!-sown self-sown rye weeds 
after crop - aftercrop 

density biomass roots vernal aestiv al 
-

5.9. 12-14.5 15-18.8. 14.5. 11.8. 30.6 25-26.5. 11.8 26.10 
-·-

30 20 20 6 ... ? 10 6 3 

30 80 80 24 40 24 15 
30 lOO lOO 30 2 50 30 15 
30 lO O 100 30 50 30 15 
30 lOO 100 30 2 50 30 15 

150 400 400 400 120 6 200 120 63 

circle circle circle 1 shoot circle square circle circle circle 
4 400 cm 

2 2 2 2 2 2 2 300 cm '300 cm 300 cm 1000 cm x 30 cm 300 cm 1000 cm 300 cm 

obtained in these fields both by us and by lierbich come between the values of 

this relation gjven for rye in Germany: 13,73% and 27,75% (Kohnlein and V etter 
after Lie t h 1962) and 22% (Lieth after Bray 1963), but our results differ 

markedly from those of Bray, Lawrance and Pearson obtained for dry areas in 

Arizona (U.S.A.) where this ratio is 269%, with a combined production for rye 

~nd weeds very similar to ours (960 g dry mass/m2
). 

The percentage of weeds in the primary production of a field was 7.5% in 
1969, and 3.4% in 1970. It was calculated on the assumption that the ratio of 
root mass of weeds to roots of rye is equal to the ratio of their upper parts. 
Together with the sprouting plants on the stubblefield this formed 10 and 6.5% 

of the combined production of the field, respectivelYi• 
Spring weeds and self-sown rye on the stubblefield are the two elements in 

the ryefield production not taken into account by Herbich. Their participation 
in cornbined production of the field was as follows: spring weeds 1 and 1%, 

and aftercrop of rye and weeds 3 and 2.8% for two years under consideration. 

3.2.Primary production of the field at different distances 
from shelterbelt 

When we consider combined primary production in different sectors, ranged 

according to their increasing distance from the shelterbelt, we see that the 
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Primary production of rye fields 
The elements evaluated from samples 

• Roots of 
Above-ground parts of rye weeds to 

dead stalks bases Fields 
• veget. • section with of gratn total 10 cm 

shoots leaves stalks 

A 172.20 419.97 7,50 163.70 763,37 -
• 

4 

0\ 
\0 B 58.59 602,33 14.77 272,00 947.69 -0\ 
P-1 ~ ' 

""0 -
-

c 88.83 509,00 13.25 254.00 865.08 --Cl) 
•.-4 
"+-<4 

r/} 
~ 

D 66.15 593,66 14.77 283,00 957.58 -(1) . 
e: .. 

E 46.20 499,00 17,75 245.00 807,95 -
. 

Average 70.62 541.88 14.77 258,09 885.36 -• 

A. 90,73 354.80 10.50 164.80 620,83 53,00 . 
~· 

I 

0 

0\ 
r- B 147,41 369.80 10.16 174.62 701,99 
P-1 • 

""'C --Cl) c 127,82 426,90 8.75 220,88 784.35 96,00 
. •.-4 

"+-<4 . . 
~ 
r/} 470.00 10.16 224.42 842.91 
~ D 138.33 

. 
~ 

• • 

. E 133,33 476.50 11,50 225.97 . 847.30 75,00 ' 
• 

- -Average 133.89 435.05 10.16 210,98 790,08 
• . 

production in the immediate vicinity of the belt (sector A, 0 to 10 m from the 

shelterbelt) is surprisingly low. This is in good agreement with the results of 
earlier studies (W i 1 us z 1958, K a m ins k i 1967, unpublished -experiments 
made in the Plant Selection Station ·of the State Fann at Rogac zewo from 1952-
1958). 

In 1969, in the field situated to the west of the shelterbelt production of 

vascular plants in sector A was about 15% lower than the average for the whole 
field. The following year, the decrease in production in the extreme sector of 
the field situ ~lted to the east of the belt was even greater, over 27% of the 
average production for the whole of the study field. In that year, decrease in 
primary production of the field was marked and in the next sector (B) was 
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in Rogaczewo (distr. Koscian) 
and calculated (italics) in g of dry mass per m2 

Tab. IV 

rye and aestiv al 
Field weeds a depth of Total 

• aestiv al Self-sown Grain pnmary 
30 cm 100 cm vernal upper total aftercrop sown production 

total parts of field 

124.25 135.05 8.92 66.33 75.25 21.67 -12 983.34 

17.5.20 8.67 45.33 54.00 18.00 -12 1182.89 

125.50 136.41 15.07 57.67 72.74 32.67 - 12 1094.90 

175.20 11.90 62.00 73.90 28.00 -12 1222.68 

204.25 222.01 11.90 86.33 98.23 60.33 -12 1176.52 

175.20 11,90 63.88 75.78 34.93 -12 1159.27 

81,25 88,32 5,10 20.70 25,80 9.33 -12 732.28 

168.30 2.67 20.20 22.87 26.33 -12 907.49 

178.75 194.7 2 6.20 18.00 24.20 36.33 -12 1027.60 

168.30 18.17 22.30 40.47 26,66 -12 1066.34 

145.25 157.88 20.49 18.50 38.99 29,00 -12 1061.17 

168.30 12.01 19.77 31.78 28.73 -12 1006.89 

almost 10% of average production. This reduction in combined production of the 

field in sectors directly adjacent to the shelterbelt was due chiefly to lower 

production of the upper parts of rye plants. 
The effect of the shelterbelt was even greater on rye grain production (Tab. 

IV). In sector A there was 36% less grain in 1969 than the average crop from the 
field, and in 1970 there was 22% less, but in that year decrease in the grain 

crop was also found in sector B. 
Distance from the shelterbelt had practically no effect on other components 

of the primary production .of the field (weeds, selfsown aftercrop on the stub· 

blefield). 
It must of course be emphasised that in our studies no comparison was made 
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Pri.mary production of rye fields in Rogaczewo, Results in g and %of dry mass per rn 2 

w 
C/l 

• Tab, V 0 

Rye Total 
• F ield Weeds Self-sown Grain prtmary 

• above-ground parts sect1on total aftercrop sown production roots total 
vegetat1ve gratn of field 

g % g % g % g % g % g % ., 
g g % 

-

.4 -. . 
1-10 599,7 60 . 163,7 16 124.3 13 887,6 89 86,0 9 21,7 2 -12 983,3 100 

0\ "' 
\0 B 
,...... 57 . 0\ 

10-50 675,7 272,0 23 167,2 14 1114,8 94 62,0 5 18,0 1 -12 1182,9 100 
):l c . ·~ 

-'"0 
Q) 

50-100 611,1 55 254.0 23 127,9 12 993,0 90 81,3 7 32.7 3 -12 1094,9 100 
·~ '+-I D o .. ~ -....... 

{/J 
Q) 

100-150 674.6 55 283,0 23 164.7 13 1122,2 9~ 84,5 7 28,0 2 -12 1222.7 100 
~ E 

150-200 563,0 48 245,0 20 199,5 17 1007,4 85 120,8 10 60,3 5 -12 1176,5 100 
1-200 627,8 54 258.1 22 162,2 14 1044,1 90 88,3 7 34,9 3 -12 1159,3 lOO 

A . . 
1-10 456,0 62 164,2 22 85,5 11 705,7 95 28.6 4 9,3 1 -12 732,3 lOO 

0 r-.. B 0\ ,...... 
' 10-50 527,4 57 174.6 19 163,5 18 865,5 95 27.7 3 26,3 3 -12 907,5 lOO = ·~ c 

Q) -"'0 

50-100 563,5 55 220,9 21 190,2 19 974,6 95 28,7 2 36,3 3 -12 1027.6 lOO 
•1"'1 ..... D 
~ 

m 
~ 100-150 618,5 58 224.4 21 163,8 15 1006.8 94 44.9 4 26,6 2 -12 1066.3 lOO w E • 

150-200 621,3 58 . 226,0 21 154.4 14,5 1001,7 93 42,4 4 29,0 3 -12 1061.2 lOO 
1-200 579,0 58 210,5 21 164.1 16 954.2 95 34,3 3 28.7 2 l -12 1006,9 lOO 
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between crops fron1 our field, influenced - as a whole - by the shelterbelt, 

and crops not subject to such influences. Thus the results obtained apply only 

to differences in rrops \vithin the field adjoing the shelterbelt. 

3.3. R y e f i e 1 d p r o d u c t i on in d if fer e n t y ears 

From comparison of d&ta on the primary production of ryefield at Rogaczewo 

for four study years: Herb i c h's (1969) and our own (Tab. VI), it can be seen 

that combined production fron1 the ryefields under examination is nearly l kg 

of dry mass per 1 m2 of field.Irrespective of whether rye was sown in the given 

year in the field situated to the east (1966) or west (1969), this production is 

slightly higher in drier years (1966 and 1969), since the "Wloszanowskie" 

variety of rye sown on these fields yields higher crops in drier years. Such 

adaptation to fairly dry conditions is reflected in grain crops: 28.5 q/ha in 1969 
and 22.9 in 1970; this means 25.8 and 21.0 q/ha in dry mass. 

Primary production of the same rye fields in different years in g d.m./m2 

Tab. VI 

Total 
• Aestival Grain Production Vernal Self-sown pnmary 

Year Rye weeds sown of field weeds aftercrop produc-
tion of 

Above-ground Roots** 
the 

parts field 

1965/66* 871 144 20 -}4 1021 12*** 31*** 1064 

1966/67* 809 139 37 -]4 971 12*** 30*** 1013 

1968/69 885 175 
. 

64 -12 1112 12 35 1159 

1969/70 790 168 20 -12 966 12 29 1007 

Average 839 157 35 -13 1018 12 31 1060 

•Data for years 1965/66 and 1966/67 after Herbi eh (1969). 

**Together with the aestival weeds. 

• ••D at a after our ov.."'l estimate B• 

3.4. Rye population structure and dynamics 

The combined production from the rye field examined varies only slightly 

from year to year (deviation from the average for four years does not exceed 

10%), and combined production of the upper parts of rye plants varies even less. 

The greatest differences, up to as much as 70%, are found in the mass of weeds 

which, however, form only an inconsiderable part of the field's production. 
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The case is different if we analyse the development of the rye population, 

taking into consideration changes in density of shoots per 1 m2 (and conse
quently their mortality) and the resulting changes in biomass. For this analysis, 
only the data from 1969 and 1970 were used. 

· Before starting the basic studies, an est imate was made in the spring of 

1970 of the density of rye soon after snow had disappeared (April 14th). l'he rye 

plants were still small and in successive sectors the average values per 1 n1 
2 

were as follows: 

A B c D E average 

373.3 436.6 373.3 356.7 373.3 382.6 

No traces of decay or drying up of shoots could then be observed, despite th e 

fact that the snow cover remained for an exceptionally long time that winter. 
Reduction in density thus did not begin until later, after the full tillering rye. 

After the long-lasting snow cover and high rainfall in the spring of 1970 

(Tab. 11) the rye population developed differently from that of the previous year 1 

when the weather was nearly average. It was found (Tab. VII) that: 

a) Average density of sterile shoots was greater in spring at the tin1e of 

maximum growth of the rye plants; 
b. Biomass of rye per 1 m2 of the field wr-~ ~ greater at that time; 

c. Density of culms with ears during harvest time, was almost identical; 

d. Elimination due to dying of sterile shoots was far more intensive, .result
ing in considerable reduction in density· and decrease in shoot biomass, this 

being enhanced by the weather conditions at the beginning of summer; 
e. Biomass of the upper parts of rye, estimated when fully ripe before 

harvesting, was far lower. After adding the biomass of sterile shoots, the com
bined production of upper parts of rye plants in 1970 did not differ greatly from 

that of 1969; 
f. There were fever culms with well-grown ears and more with incompletely 

fonned ears, but the number of all culms remained almost unchanged (Tab. VIII); 

g. There was a lower grain yield. 
The comparison shews that in addition to sterile shoots being eliminated by 

dying, there is also, during the process of development and ripening,. differentia
tion of rye into culms which attain full development and form well-grown ears 
and into culms which dry up before attaining complete · development. 1 his 

process · also took a more favourable course for the "W.foszanowskie" rye in the 

dry year of 1969, resulting in a more favourable ratio of well .. grown to poorly 

developed ears. 
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Comparison of density and biomass of rye in two different years 

Tab. VII 

A. Density of shoots per m 2 of field 

1n spring In summer difference field 

section • 
1969 1960 1969 1970 1969 1970 

A 1137 930 317 337 820 593 

B 667 1373 388 441 279 932 
c 833 1274 410 444 423 830 
D 770 1360 455 490 315 970 
E 677 1258 457 435 220 823 

I 

Average 760 1294 424 442 336 852 

B. Biomass of shoots per m2 of field 

field • • • biomass loss of m spring In summer 
• sect ton vegetative shoots 

1969 1970 1969 1970 1969 1970 

A 239 142 591 530 172 91 

B 140 216 889 555 59, 147 

c 175 196 776 657 89 128 
D 162 216 891 705 66 138 
E 142 204 762 713 46 133 

Average 160 203 815 656 71 13-4 

Tab. VIII 

Year Average number of ears per 1 m 2 

• 

well-developed poorly developed Total 

1969 260 26 286 

1970 183 82 265 -
4. DISCUSSION OF TH£ METHOD AND RESULTS 

Our method of assessing primary production, permitted to include the 

organic matter which dies before the time of maximum development, formed both 

by the cultivated plants and spring weeds. This method, used along with the 
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harvesting one, has proved very useful. ]t made possible to estimate the organic 

·matter actually produced on the field with relatively greater accuracy. 

Herb i c h (1969) did not lose sight of dying organic matter of rye plants 
taking samples during the gro,ving season with considerable frequency and 

calculating combined rye production by totaling the maxima of various organs. 

Consequently, however, she was obliget to limit the number of samples taken 

each time, and therefore unable to grasp the spatial differentiation of the field. 

Moreover, throughout the whole groving season she stayed at the place where 

her field study was conducted, and therefore her research was of a typically 
stationary character. 

In our case, visits to the field were limited to several one or several-day 

operations, e.g. one day 'in March or April, several days in May, one in June, 

several days in July and one day in September or October. Studies thus arranged 

can be carried out not only in a stationary manner, but - if need be - in the 
form of expeditions lasting several days, and are therefore suitable for com
parative assessments in different habitats and different parts of the country • 

. Since the density is estimated without taking any thing from the field, it 
is possible to ensure the accuracy of assessment by making an optionally large 

number of estimates, in spring when farmers are still occupied in the fields 

(spreading mineral fertilizers), and in summer on the stubble. In this way far 
less damage is done to crops, particularly in comparison with the harvest 
method of collecting large numbers of samples commonly used to assess primary 
production. Trac zyk introduced this method with the intention of preventing 

damage to the herb layer in nature reserves. Preventing damage to crops on 
cultivated fields is, of course, of no less importance. 

By inc'iuding in the estimate even the less noticeable components of the 
annual production of the field (spring weeds, self-so wu after-crop on the stub

blefield), greater accuracy of assessment was obtained than tha~ achieved hy 
previous author in the same field, and by other authors elsewhere. 

I am greatly indebted to Docent Dr. Lech Ryszkowski, Head of the Agroecological Sta• 

tion at Turew, for inviting me to nndertake these studies and for his most helpful sugestions 
concerning the research method. I would like to thank Mrs. Cecylia Kukielska, M. Se., 
Senior Assistant of this Station, for her valuable help in collecting material from the field 
and for the work carried out in the laboratory. I am also most grateful to both for their 

valued comments on the text o£ this study. 
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PRODUKCJA PIERWOTNA POLA ZYTA 
\ 

Streszczenie 

W ramach zespolowych badan nad przeplywem energii i obiegiem materii przez eko
system pola uprawnego zapocz'ltkowanych przez Zaklad Agroekologii PAN w Turwi 
przeprowad zono ocen€(. prod ukcj1 pierwotnej pola zyta, 

Miejscem badan byly pola Stacji Hodowli Roslin w Rogaczewie pow. Koscian, woj. 
poznanskie, przylegaj~ce od wschodu i zachodu do szerokiego alejowego zadrzewienia 
sr6dpolnego. Gleba ohu p61 jest piaszczysta. Zasobnosc w potas, fosfor i azot znaczna 
(kl. I), odczyn powierzchniowych warstw gleby na polu wschodnim slabo kwasny, na 
zachodnim - obojfttny do slabo alkalicznego. Segetalny zesp6l roslinny - P apavere turn 
argemones (Tab. I). Przebieg pogody w dwu kolejnych latach badan bardzo rozny, 
zwlaszcza w okresie wegetacyjnym (Tab. II). 

Plodozmian staly, dwupolowy po1egal na ko1ejnym nastE(pStwie zyta i ziemniakow; 
agrotechnika byla normalna, nawozenie mineralne intensywne, siew zyta wypadal w rok 
po oborniku; odmiana zyta - Wloszanowskie. 

Ce1em bad an bylo uchwycenie mozliwie wszystkich element6w skladowych prod ukcji 
pierwotnej pola w ich zro:inicowaniu przestrzennym przy niejednolitych, chocby z racji 
S'\5iedztwa zadrzewienia, warunkach zyciowych, 

Najwazniejsze zalozenia metodyczne to przeprowadzenie oceny szybko i latwo, bez 
wi~kszego niszczenia zasiewu, aby mozna bylo tak~ ocenEt_ powtarzac wielokrotnie 

, . . . . . 
w roznym czas1e : mleJSCU. 
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Okreslono nast~puj~ce elementy produkcji pola: zyto - cz~sci nadziemne i pod· 

ziemne, eh wasty - cz~sci nadziemne i podziemne, s amosiewny poplon zyta i eh was tow 
na sciemisku niszczony przez ork~ jesienn«i• 

Cz~sci nadziemne zyta oceniono metodct zniwnC\ w momencie ·najsilniejszego ro zwoju 
roslin przed zniwami. Dla uchwycenia pftd6w plonnych zyta, obumierajClcych licznie 
przed jego dojrzeniem, zastosowano metodft T r a c z y k a ( 1967) przystosowawszy j~ do 
specyficznych warunk6w na polu zyta; metoda polega na ocenie zag((szczenia gatunkow 

na badanej powierzchni oraz biomasy przeciEt,tnego osobnika (pftdu) i wyliczaniu produk
cji pierwotnej przez pomnozenie tych dwu wartosci. 

ZagE(szczenie i biomasE;, pEC,dow zyta oznaczono dwukrotnie: na wiosn~ w stanie 
rozkrzewienia ogolne-go zyta, tj. maksymalnej liczebnosci pftd6w oraz w pelni dojrzalosci 
zyta, w okresie zniw. Po·niewaz nie wszystkie pE(dy strzelaj~ w zdzblo i tworzct kl'osy, 
lecz duza ich cz~sc obumiera wczesniej, do biomasy zyta stwierdzonej w pelni jego doj
rzalosci, tj. w stanie rozkrzewienia produkcyjnego, dodawano biomas~ pttd6w plonnych, 
a wi~c tych, kt6re nie strzelily w zdzblo i nie byly obecne na polu w okresie miw. 

Korzenie'· zyta o znaczono z prob pobranych z warstwy omej (do gl((hokosci 30 cm) 
i do uzyskanych wartosci biomas dodawano 8% na korzenie wrastaj ~ce w gleb~ glE(biej. 
Suszono i warzono korzenie razem nie o ddzielaj~c chwast6w od zyta. lch biomasEt, obli· 
CZOD~ przyjmujC\_Ct ze stosunek biomas korzen:i zyta i chwastow jest taki sam jak biomas 
ich czEC_sci nadziemnych. 

N adziemne CzEt,sci chwast6w letnich~ ro zwijaj~cych siE;_ r6wnoczesnie. z zytem pobie
rano w pr6bach z dojrzalym zytem, lecz suszono i wazono oddzielnie. Chwasty wiosenne, 

rozwijaj~ce siEi_ w miedzyrzEt,dziach zyta pohierano z systemami korzeniowymi. 
Poplon samosiewny zyta i chwast6w na sciernisku pobierano hezposrednio przed 

jesienn~ ork~. 
Wyniki: 
I. Produkcja pierwotna pola zyta jako calosci wynosi okolo 1 kg/m 2 (Tab. IV i V). 

Wynik ten zgodny jest z osiC}gniE(tym poprzednio przez Herb i c h (1969) 'na tym samym 
polu oraz przez niektorych badaczy w NRF. 

W tej masie materii organicznej ponad 75% stanowi~ nadziemtie CZEtSCi. zyta, a zyto 
wraz z korzeniami - 90-95%. Korzenie stanowic:t 16% calej produkcji pierwotnej i 18% 
cz~sci nadziemnych~ Ten ostatni stosunek miesci si~ pomi~dzy wartosciami uzyskanymi 
przez autor6w z Europy (13,73; 16i5; 22; 27,75%), a jest zupebtie odmienny od stosunku 
tych wielkosci w suchych obszarach Arizony (269%). 

Chwasty stanowily w 1969 r, 7,~% i w 1970 - 3,6% l'}cznej produkcji pola. Wraz 
z poplonem samosiewnym wynosilo to odpowiednio 10 i 6,5% calosci. 

11. Produkcjc:t pola w ro znych odleglosciach od zadrzewienia (Tab. IV i V). Potwier· 
dza si~ znane zjawisko wyraznej znizki produkcji w w~ski·m ·(0-10 m) pasie przylegaj~
cym do zadrzewienia w stosunku . do reszty , pola. Znizka ta wynosila w 1969 r. 15%, 
a w 1970 - 27% w porownaniu ze sredni£! produkcj Cl pola, z tym ze w 1970 r. znizk~ 
produkcji stwierdzono i w sektorze nast~nym· z kolei (10-50 m). 

Zmniejszenie produkcji pierwotnej na sektorze przylegaj~cym do zadrzewienia spo• 

wodowane bylo gl6wnie przez zmniejszenie cz~sci nadziemnych zyta. Wyrazil<_> sift ono 

tez w znizc~ plonu ziarna w 1969 r. 0 36%, w 1970 0 22% w por6wnaniu ze srednim plo
nem z pola. lnne elementy produkcji pierwotnej byly rozlozone na polu bardziej r6wno
miemie. Nie ulega j ednak w~tpliwosci, ze rozrzut prob dla oceny produkcji takiego 

pola uwzglf(.dniac musi odleglosc od zadrzewienia. 
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Ill. Produkcja pola zyta w r6znych latach • . w ci~gu 4 lat produkcja p61 zyta (Tab. 
VI) wynosila blisko 1 kg/m2

• Wyzsza byla w latach suchszych, niezaleznie od tego, czy 
zyto wysiano na zachodniej czy wschodniej stronie zadrzewienia i j ak~ metod~ produkcj a 
byla oceniana. R6wniez plon ziama wyzszy hyl w latach suchszych (Tab. IV). 

IV. Struktura i dynamika populacji zyta (Tab. VII). LC\czna produkcja pierwotna pola 
zyta, a takze produkcja calkowita rosliny uprawnej oceniona zarowno zastosowan(\ przez 
nas rnetod~, jak i metodct cz~stych prob i sumowania maksimow organow zyta zmienia 
sit(, z roku na rok nieznac znie. Analiza zmian zagEtszczenia i hiomasy iyta w trakcie 
rozwoju wskazuje na to, ze proces rozwoju prowadz~cy ostatecznie do takiego samego 
wyniku nie przebiega jednakowo (Tab. VII). Du :le r6inice w przehiegu ro zwoju zyta 
stwierdzono w d wu kolejnych latach (1969 i 1970) r6znic}cych siE( bardza... przebiegiem 
pogodye W 1970 re charakteryzuj'\cym Sift poznym zejsciem pokrywy snieznej, duzymi opa• 
dami na wiosn{;( (IV i V) i susz~ w czerwcu, stwierdzono w por6wnaniu z 1969 r.: -

1) wi~ksze srednie zag~szczenie p<(dOW plonnych na WiOSDE( W momencie maksyma}• 
nego rozkrzewieni a zyta; 

2) WhikSZ(\ w tym momencie biomas~ zyta na 1 rrl pola; 
3) Prawie identyczne zag((szczenie zdzbel z kl'osami w okresie zniw, tzw. rozkrze• 

wienie produkcyjne; 
4) Znacznie silniej sz~ eliminacj E( pr zez o bumieranie Pttd6w plonnych, a zatem wiE,k

sz'! znizk~ zagE(szczenia i ubytek biomasy PECd6w, czemu sprzyjaly wybitnie warunki 
atmosferyc zne; 

5) Znacznie nizsz'l_ biomasE( czttsci nadziemnych zyta dojrzalego; r6mica ta zmniej
szyla si~ znacznie po dodaniu biomasy obumarlych p~dow plonnych; 

6) Mniej SZft liczb<( zdzbel z dorodnymi klosami, a WiE£kSZC}. z klosami niewyksztal
conymi, przy prawie takiej samej .t~cznej liczbie zdzbel; 

7) Mniej szct m as~ ziama. 
Nasz 'spos6b przeprowadzenia oceny produkcji pierwotnej pola. zyta polegaj'\,CY na 

uzupelnieniu metody zniwnej metodct Traczyka (mnozenie biomasy pr zeciEt_tnego PEtdu 
przez zagEtszczenie) dla oceny biomasy obumieraj(\cych przed dojrzeniem iyta pE£d6w 

. plonnych oraz obj~cie ocenC\ chwast6w wiosennych i pozniwnej produkcji pola daly duz'\. 

dokl'adno se wynik6w. 
Ponadto przyjE(ty przez nas tok post~powania oszcz~dza w duzym stopniu zasiewy 

pozwala przeprowadzac badania polowe r6wniez w trybie kilkudniowych ekspedycji, 
CO umozliwia zastosowanie tej metody do badan porownawczych nawet W odleglych 
miejscowosciach. 

• 
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