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THE INFLUENCE OF VARIOUS KINDS OF MANURING ON SOME 
HISTOLOGIC CHARACTERISTICS OF RYE-STRAW

In 1953 appeared a dissertation of S. Egekszegi, researcher of the 
Agrochem ical Research Institu te o f the H ungarian  Academy o f Sciences, wherein 
the author describes his new method of manuring with the aim to increase the 
fertility of our sandy soils, the “ deepmanuring beneath the tilled layer” , briefly 
the method of “ deepmanuring”  (1). According to his data as a result of deep 
manuring the crop capacity of the cereals increases on sandy soils considerably. 
Since the rye (Secale cereale L.) takes a great part of the cereals cultivated 
on our sandy soils, therefore the mentioned method of manuring seems of 
great importance from the view-point of increasing the crop capacity of rye. 
I t  must be mentioned that the rye, as the other cereals, is cultivated not only 
because of the grain, but the rye-straw is also utilized variously. The rye- 
straw increases lately in significance from the view-point of industry, because 
it is one of the most important raw materials of paper-manufacturing. Since 
our land is poor in woods, therefore the paper-industry must pay more and 
more attention to the raw materials gained from nonligneous plants. According 
to the investigations of the last years the strawcellulose gained from the 
straw of the cereals proves suitable as raw material for paper-industry. Since 
1953 runs the straw-cellulose factory in Szolnok and in the second Five-Year- 
Plan-period will be put into action the straw-cellulose factory of higher capa
city in Dunapentele. Therefore it is a thing of interest to evaluate histologically 
the various cereals and their varieties from the point of view of paper-industry, 
and to investigate the influence of the environ mental factors on their histolo
gical characteristics. Among others these view-points guided us as we started 
the examinations of the histological change of rye-straw ; precisely how 
these characteristics change at various conditions of manuring. The importance 
of the matter proves also the fact, that in 1953 the Light-Industrial —  Chief 
Committee of the technical departement of the Hungarian Academy of Sciences 
entrusted with the anatomical examinations of the straws of cereals the Insti
tute o f Applied Botany and Histogenetics of the Loránd Eötvös University, 
Budapest. On the basis of these instructions we begun the work in collabo
ration with the Institute o f General Biology o f the University, Budapest.
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We examined the rye of Lovászpatona, which taxonomically belongs 
to the Secale cereale L. ssp. cereale Zhuk. var. vulgare Kcke (2). This variety 
was experimentally cultivated by S. Egerszegi in őrszentmiklós (Kom. 
Pest). We took the plants from three parcels of the experiment of 1954. 
The ways of manuring of the parcels were as follows :

A : Unmanured sand.
В : Sand, surface-manured with farmyard manure, in the autumn of 

1950 and 1953 ; the manure was ploughed in in a depth of 15 cm.
C : In the depth of 60 and 42 cm, in the autumn of 1950 and 1953 

deepmanured sand.
The tables 1. and 2. give the data of some soil characteristics of the 

nnmanured sand, the table 3. containes the weather conditions.

Table 1
The composition of the unmanured sandy-soil in the depth of 0— 20 cm, after Egerszegi (  1 )

Description of the examined material

Table 2
The mechanical composition of the soil, after Egerszegi (  1 )

Table 3
The distribution of rainfall in the period of vegetation

As it can be seen from the data, the years 1953—1954 were not droughty, 
because from the point of view of droughtiness at the cereals is the amount 
of rainfall of May- and June determinating. The table 4. gives the phonological 
data of the experimental plants.
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Amount of the monthly rainfall in mm On the
VII1953/54 x XI XII I 11 1,1 í v  1 v VI

A v e ra g e  o f  40 years 16 13 10 39 7 42 51 i 44 46 72 340

47 45 40 27 26 35 42 62 59 48 431

Denomination
0—40 cm 40—go cm

%

C la y  ......................... 11,4 4,6
M ud .......................... 1,5 0,5

D u s t ......................... 1,9 0,3
F in e  sand .............. 2,4 1,5
S a n d ......................... 82,8 93,1

pn
?atX>a hy

1 Total

н*о KC1 humus N r.O . K,0

%

8,10 7,70 5,0 0,5 0,7
1 1

0,05 0,09 0,15
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The phenological data o f the plants
Table 4

We took an prepared at harvest time from all three variants (A ,  B , C )  
3—4 plants.

The method of preparing

The collected specimens we cut into pieces at the nodes ; after measuring 
the length of each internode we cut off from both ends 1 — 1 cm and the 
remaining lot we cut into three pieces of the same seize. The so gained stem- 
pieces in order to soft them we soaked for 6—7 days in an equally propor
tioned mixture of glycerine and water ; after this from the middle of each 
piece with the help of handmicrotom and razor we prepared sections. Each 
section, after soaking them for some minutes in 1% acetic acid we dyed 

1 with the 2 % distilled water solution of acidic Fuchsin and Methylgreen ; then 
we carried them through series of alcoholic and xylolic dehydrators ; finally 
we covered them with Canada-balsam. From the remaining stempieces we 
prepared with the help of the Schulze-mixture macerates. Each macerate 
we dyed with the 2% distilled water solution of Chicagoblue and covered 
with Canada-balsam. On the whole we prepared with the above mentioned 
methods 1260 cross-sections, 240 longitudinal-sections and 250 macerates.

The localisation of the examined tissues in the rye-stem

The fully developed rye-stem consists of nodes and internodes. The 
length and number of the internodes varies according to the variety of rye. 
The uppermost internode, immediately beneath the spike, is the longest, 
going downwards the internodes shorten. The basal internode amounts only 
some cm in length. From the upper internodes the smaller portion, from the 
lower ones the greater portion is enclosed by the sheath, hence the free surface 
of the upper internodes is larger as of the lower ones. The diameter of the 
stem varies also at one and the same internode, the diameter at the upper and 
lower level of the internode is smaller as in the middle. This repeats itself at 
all the internodes. The diameter of the whole culm develops the same, the 
average thickness of the upper and basal internodes is smaller, than that of 
the middle ones.

The size and form of the epidermal cells, covering the stem, donot alter 
vertically, but horizontally they alter in each sector. Where the sclerenchyma 
comes into contact with the epidermal cells, there is the average diameter of 
the cells 6 μ, where the subepidermal chlorenchyma comes into contact with 
the epidermis, there is the average diameter of the epidermal cells 10 μ. 
The number of the stomata in this part of the epidermis where the stem was
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Date of the 
sowing Emergence Hulming Heading Flowering Seed

setting
Waxen
ripeness Harvest

7. X. 15. X. 28. IV. 7. V. 25. V. 12. VI. 18. VI. 8. V II.
1953 1953 1954 1954 1954 1954 1954 1954
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not enclosed by the sheath is much more, then in this part where the stem 
was covered with sheath. The number of the stomata lessens downwards too.

The form and the cross-section structure of the chlorenchyma л-aries 
also. The most of them contains the upper part of the internode immediately 
beneath the spike. Within the same internode at the lowest level there are 
only some cells. Thus in this part of the stem, which is not enclosed by the 
sheath you find more chlorenchyma than in the part covered with sheath. 
Downwards at the same level of each internode the quantity of chlorenchyma 
lessens gradually and at the highest level o f the last internode, which contains 
still some chlorenchyma, it is the same as at the lowest level of the uppermost 
internode. In the basal internode there is no chlorenchyma at all.

The localisation of the chlorenchyma varies also in each internode. 
In the uppermost one the tangential diameter of the chlorenchyma-bundles 
is the same as the radial diameter. Downwards the tangential diameter increases 
and in the lower internodes it regains 3— 4-fold of the radial diameter, but the 
absolut quantity of the chlorenchyma lessens and in the basal internode it is 
absolutely missing. Inwardly the chlorenchyma is bordered with the scleren- 
chyma. This is a single cell-row under the chlorenchyma, but it may be, that 
the chlorenchyma touches the parenchyma surrounding the central cavity, 
as for example in the case of deepmanured rye, лл-here in the uppermost 
internodes the sclerenchyma represents merely a ribbing and only in the 
second and third internode it closes itself gradually into a ring.

The thickness, size and localisation of the sclerenehymatous tissue vay 
also. In the internode beneath the spike in some places the sclerenchyma is 
in contact with the epidermis and in the most cases surrounds the chloren- 
chyma semicircularly. Its localisation in the internodes differs. A t the upper 
levels (where there is much chlorenchymas) it occupies a little area and in 
radial direction above the great vascular bundle the number of the cell-rows 
is 10— 15, under the chlorenchyma but one. In this ease the radial and tangen
tial diameter of the sclerenehymatous ribbing is one and the same. A t the 
lower level of the same internode above the great vascular bundle the number 
o f the sclerenehymatous cell-rows makes 3— 4, but the tangential diameter 
is 4— 5-fold, often indeed 8— 10-fold of the radial one. This phenomenon 
repeats itselffrom the spike towards the roots. The thickness of the scleren- 
chymatous ring increases continually from the spike towards the roots and 
it is the largest in the basal internode ; it is the same ллау with the diameter 
of the sclerenehymatous cells. Another typical peculiarity of the sclerenchyma 
is, that in the basal internode it comes not in contact with the epidermis, 
because between them there are 3— 4 cell-rows of parenchymatous hypoderma, 
occupying an intermediate position to the tissue structure of the root. The 
length of the sclerenchyma-fibres varies too. The fibres are the shortest in 
the uppermost internode and downwards they gradually increase in length.

The thickness of the parenchymatous tissue around the central cavity 
is 2— 3-fold in the lower internodes as in the upper ones. The bredth of the 
parenchymatous cells increases from the sclerenchyma towards the central 
cavily, but in height they diminish. The proportion of the sclerenchyma- 
thiekness in comparison to the parenchyma-thickness increases downwards.

The vascular bundles are localizated in the sclerenchyma and parenchyma 
along two circles: in the inner circle the larger, in the outer one the smaller 
bundles. Between two small vascular-bundles, under the sclerenchyma-ribbing

244



in the parenchyma are the large vascular-bundles. The number of the bundles 
of the two circles corresponds in the internode just beneath the spike, then 
after the appearance of the first leaftrace in the second internode beneath 
the spike it nearly redoubles. Downwards in the following internodes the number 
of the large bundles increases and the number of the small bundles lessens till 
a certain degree. The radial and tangential diameter of the bundles varies too. 
In the second internode beneath the spike, where there are the most of bundles, 
the radial and the tangential diameter from both of the small and the large 
bundles is the smallest. Downwards from there the diameter increases.

The central cavity is localizated in the middle of the culm. The remainings 
of the cells—  bracked down durnig the growth —  are to be seen even in the 
fully developed stem too. The diameter of the central cavity increases from 
the spike towards the roots, but in the basal internode it lessens again. The whole 
tissue-thickness at one and the same level does not show such differences as 
the diameter of the stem, but going downwards it redoubles-retriples itself.

The results o f the examinations

Before we turn to the anatomical results we briefly give the data o f 
the stems. (Table 5. and 6.)

Table 5.
T h e  b igh t o f  th e  p lan ts a t harvest

Table 6.
T h e  num ber o f  th e  in ternodes

As to be seen from the tables the measurements of the deepmanured 
rye-culms are greater than of these cultivated on unmanured sand. The height 
of the deepmanured plants more than redoubles, o f the surface-manured 
plants it nearly redoubles. In the number of the internodes there is no consi
derable difference.

The length of the internodes increases upwardly at all three kind 
( A ,  B, C )  of plants. The internodes of the same serial number are the shortest 
at the unmanured plants, the longest at the deepmanured ones and between 
these take place the measurements of the surface-manured plants. I f  we 
divide the length of the internodes of the deepmanured specimens with the 
length of the internodes of the same order of the unmanured ones ( =  the 
internodalquotient compared to the internodal-length of the unmanured 
specimens as unity) and when we complete the same operation with the inter
nodal-length of the surface-manured plants, then the chart of the so gained 
quotients (fg. 1.) interestingly shows that the internodalquotients of the 
deepmanured specimens give an ascending curve in the order of the increasing
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D eep m an u red  .................................................................. 6 in te rn od es
S u rface-m an u red  .............................................................. R in tern odes
U n m a n u red  s a n d .............................................................. 5 in te rn od es

D eep m an u red  ................................................................... 178,5 cm
S u rface-m an u red  .............................................................. 142,5 cm
U n m a n u red  s a n d .............................................................. 78,5 cm



serial numbers, while the internodal-quotients of the surface manured plants 
give a more or less a horizontal, that is a parallel line with the graph of the 
unmaured plants. That means that the surface manuring elongates all the 
internodes evenly, but the deepmanuring the upper internodes in a lesser 
and the lower internodes successively in a higher degree. The thickness of

F ig . 1. Rye from Lovászpatona. őrszentmiklós 1954. Lengthquoticnt o f the intemodes

Fig. 2. R ye  from  Lovászpatona. őrszentmiklós 1954. Thickness-quotient o f the intemodes 
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the stem is the greatest at the internodes placed in the middle by all specimens. 
The thickness of the internodes of the same order alike the length of the 
internodes ist the greatest at the deepinanured plants, the smallest at the 
unmanured ones, while the same data of the surface-manured plants are 
intermediaries between them. Alike to the quotients of the length of the 
internodes we also counted the quotients of the thickness of the internodes 
and found the same regularity but in a lesser degree (fg. 2.).

After these we turn to the discussion of the histological results. The 
area of the chlorenchyma is the greatest at the deepmanured plants, it decreases 
at the surface-manured plants and is the smallest at the unmanured ones. 
The greater quantity of the assimilating tissue —  as лее take it —  shows that 
at the rye the influence of deepmanuring manifests itself also in the quantitativ 
increasing of the plasma. That means that at the strengthening the turgor- 
pressure has a greater role here as in the other two cases.

A t the deepmanured plants in the first and second internodes beneath 
the spike the sclerenchyma does not form a continuous ring, only ribbing, 
which circumstance cannot be taken into consideration from the point of 
view of lodging, because the lodging takes place at the first and second inter
nodes above the ground. At the plants cultivated on unmanured and surface- 
manured sand we find a continuous sclerenchyma ring also in the first inter- 
node. The thickness of that ring increases downwards from the spike.

Table 7
T h e  th ickness o f  the sc le ren ch ym a-rin g
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As it is to be seen from the table 7. the thickness of the sclerenchyma- 
ring increases towards the roots. The culms grown on the unmanured sand 
represent an exception, because the sclerenchyma-ring of the topmost inter
node is thicker than that of the internodes directly below them. That may 
be in connection with the fact, that the topmost internode of the culms is 
very thin (>  1 mm), so it is exposed to a comparatively stronger bending 
stress.

Table 8
T h e  leng th  o f  the sc le rench ym a-fib res

lut. Deepmanured Surface-manured Unmanured sand
No.

n 47,5 41 46
n—1 70 56 40
n—2 70 66 46
n—3 85 73 46
n—4 101 85 75
n—5 125 110 —

Int. Deepmanured Surface-manured l.'nmanurcd sand
Ko. /<

η 1053 1066 980
η—1 1127 1147 1249
η—2 1192 1279 1300
η—3 1517 1452 1270
η—4 1366 1356 1300
η—5 1749 1092 —



Int.
No.

Deepmanured Surface-manured Unmanured sand

/*

n 600— 1700 750— 1650 600— 1500
n — 1 700— 1800 750— 1800 800— 1850
n — 2 600— 2000 750— 2350 750— 2350
n — 3 90 0— 2400 850— 2350 900— 1750
n — 4 700— 2150 95 0— 21 00 700— 2100
n — 5 1300— 2400 750— 1600 —

Int.
No.

Deepmanured Surface-manured Unmanured sand

M

n 9 9 8
n — 1 10 10 9
n — 2 12 10 9
n — 3 14 11 10
n — 4 15 12 11
n — 5 16 12 —

From the tables 8., 9., 10. and fg. 3. m ay be ascertained partly that the 
fibres of the deepmanured rye-culms are generally with 100— 300 μ longer 
than these of the unmanured or surface-manured plants and partly that 
there is an inverse ratio between the length of the internodes and the length

T a b le  9

T h e  leng th  o f  th e  lon ges t and shortest f ib res

T a b le  10

T h e  d iam eter o f  th e sc le ren ch ym a-fib res

of the fibres : there are short fibres in the long internodes and long fibres in 
the short internodes. So the fibres are longer in the lower internodes of the 
culm. The diameter alterations of the fibres show a similar regularity, namely 
they increase downwards. The length of the fibres in the internodes of the

F ig . 3. R ye  from  Lovászpatona. Őrszentmiklós 1954. The length o f the internodes and
fibres
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Fig. 4. R ye  from  Lovászpatona. őrszentmiklós 1954. The thickness o f the sclerenchyma
and parenchyma

same order is the shortest at the plants grown on unmanured sand and the 
longest at the deepmanured plants.

The diameter of the parenchymatous-cells does not alter in such a degree, 
only there are more cell-rows in the deepmanured rye-culms. The figure 4. 
shows the thickness-alteration of the parenchyma and sclerenchyma and the 
figure 5. the value alterations of the parenchyma —  sclerenchyma rate.

Table 11
T h e  n um ber o f  th e  vascu lar-bundles

As to be seen from the data there are more fibres in the rye grown on 
unmanured sand, as in the deepmanured ones. In addition at the deepmanured 
rye going downwards the size of the sclerenchymatous-cells grows from 9 μ 
to 16 μ , but at the rye cultivated on unmanured sand it grows only from
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Int. Deepmanured Surface-manured Unmanured sand
No. large little large little large little

П 11 11 10 10 7 7
П— 1 22 24 15 19 13 13
n— 2 25 21 17 17 16 7
n— 3 25 21 21 12 16 7
n— 4 25 21 23 12 16 7
n— 5 25 21 23 12 — —



F ig . 3. The alteration of the párén eh yma -solemn eh vma rate

$ μ to 11 μ. These conditions make the agricultural utilization of the deep- 
manured rye-straw advantageous.

Table 12
T h e  m easurem ents o f  the vascu lar-bundles
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Deopinanured Surface-manured Unmanured sand

large little large little largo little

No. tang. rad. tang. rad. tang. rad. tang. rad. tang. rad. tang. rad.

n 158 130 70 66 90 121 54 53 78 98 56 44
n— 1 150 126 44 46 96 96 48 42 70 86 43 32
n— 2 161 147 54 60 110 120 56 48 80 95 48 38
n— 3 174 150 68 74 116 122 65 52 86 106 57 45
n— 4 182 162 96 79 132 138 74 58 98 110 63 52
n— 5 190 175 126 86 156 146 76 62 — — — —



Deepmanured Surface-manured Unmanured sand
Infc.
No. large little large little large little

ft

n 30 16 22 12 20 9
n— 1 3fi 18 25 13 21 9
n— 2 42 20 29 15 24 10
n— 3 48 23 35 16 24 11
n— 4 52 26 39 18 26 12
n— 5 56 32 40 19 — —

The diameter of the tracheas
Table 13

The tables 11., 12. and 13. show the alterations of the number and size 
o f the vascular-bundles and of the tracheadiameters. I t  can be ascertained 
that the number of the vascular-bundles in all specimens generally increases 
going downwards, but in the internodes of the same order it is the greatest 
at the deepmanured plants and the least at the unmanured ones. In the 
same manner alter the dimensions of the vascular-bundles too. The small 
vascular-bundles of the deepmanured rye are elongated in tangential direction, 
these of the unmanured and surface-manured rye in radial direction. The 
diameter of the tracheas increases downwards and is the largest at the deep- 
manured rye.

The evaluation of the results

As the result of the examinations we may prove as follows :
1. The epidermal-cells of the rye-culm are smaller above the scleren- 

chyma connected with them and larger above the chlorenchyma-bundles. 
The number of the stomata on the uncovered regions of the culm is greater 
as on the covered parts and the greatest in the uppermost internodes.

2. The chlorenchyma-bundles arc the broadest in the uppermost inter
nodes, downwards they gradually become thinner and are in tangential 
direction elongated. This phenomenon can be observed within one and the 
same internodes too and is very likely in connection with the more unfavourable 
lightsupply of the lower region of the internode as well as of the lower inter
nodes.

3. The sclerenchyma forms generally a continuous ring beneath the 
chlorenchyma bands. The sclerenchyma ribs have its origin in this ring and 
get as far as the epidermis. The ring breaks o ff in the uppermost internode of 
the deepmanured rye-culms and there the sclerenchyma is only to be found 
in the form of separated ribs. Because of these ribs the chlorenchyma-bundles 
inwardly come in touch directly with the parenchyma adjacent to the central- 
cavity. The thickness of the sclerenchyma-ring is the greatest at the culms 
of the deepmanured plants and at all plants it increases downwardly. The 
length and bredth of the sclerenchyma fibres is the greatest of the deep- 
manured plants and they increase downwards too. MAn d y  gave an account (4) 
of similar alterations of the fibres and other tissue-measurements of the wheat 
No 12Ô1 from Bánkút. There is an invers ratio between the length of the 
internodes and the length of the sclerenchyma-fibres, consequently there are
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longer fibres in the lower internodes. From view-point of fibre-length (impor
tant from the point of view of paper-industry) the most deeply mowed rye- 
straws are the best.

4. The quantity of parenchyma increases downwards, the most of it 
is in the deepmanured rye-stem. The parenchyma-sclerenchyma quotient is 
the greatest at the plants cultivated on unmanured sand. From this fact 
follows, that in the same volume there are more parenchymatous fibres in the 
rye cultivated on unmanured sand, therefore they are better to be utilized from 
the point of view of paper-industry, than the deepmanured ones. The deepmanu
red ryes because of their greater parenchyma and chlorenchyma contents 
are better for agricultural aims (for instance : manuring, feeding etc.).

5. The number and size of the large vascular-bundles increase down
wards and they are the largest at the deepmanured plants.

6. A t the deepmanured plants an increasing can be observed in the 
length and bredth of the internodes compared with those of the unmanured 
ones. This increasing is stronger in the lower internodes as in the upper ones.

7. Summing up what has been said we come to the conclusion that the 
alterations of the environmental conditions cause great qualitative and quan
titative changes in the histological construction of the rye-culm. The knowledge 
of these alterations is important from the point of view of industry and 
agriculture alike and it gives available results.

A t last in this place we offer our thanks to prof. Sá n d o r  Sá r k á n y , 
who lend us a helping hand in giving us the viewpoints of the examinations 
and gave us precious advices, further to prof. B é l a  F a l u d i  and K l á r a  
I. Sz a b ó  university assistant, who promoted the efficiency of our work with 
their permanent assistance.

DER EINFLUSS VERSCHIEDENER DÜNGUNGSMETHODEN 
AUF EINIGE ANATOMISCHE EIGENSCHAFTEN DES 

ROGGENSTROHS

(Institut für Angewandte Botanik und ffistogenetik der Eötvös Loránd 
Universität, Budapest)

ZUSAM M ENFASSUNG

Roggenstroh, das wir dem Vorsuchsmaterial unserer im Jahre 1954 in örszent- 
miklós (in der Nähe von Budapest) durehgeführten Experimente entnommen hatten, 
wurde vergleichenden quantitativ-anatomischen Untersuchungen unterzogen. Das dazu 
benötigte Material wurde von ungedüngtem, oberflächlich (eingepflügt) gedüngtem und 
zweifach (in zwei Schichten) tiefgedüngtem Sandboden eingesammelt. Von jedem ein
zelnen Internodium wurde — in mehreren Höhenlagen — je ein Querschnitt, Längs
schnitt und Mazerat hergestellt. Aus den an den Präparaten durehgeführten Messungen 
ging hervor, dass in dem Roggenstroh die Masse der Gewebe, ferner die Länge und die 
Dicke der Selerenehym-Fasern, im allgemeinen von den höheren Internodien den tiefer 
liegenden zu, zunehmen. Es erscheint, deshalb vom  Standpunkte der Papierindustrie 
vorteilhafter, das Roggenstroh möglichst t ie f zu ernten. Im  ungedüngten Sandboden 
ist die relative Sclorenchymmenge des Roggens grösser, als im gedüngten. Hingegen ist 
bei dem zweifach tiefgedüngten Roggen die Menge des Parenchym und Chlorenchym
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am  grössten, weshalb der letztere für die Zwecke der Landwirtschaft, der erstgenannte 
hingegen für die Zwecke der Papierindustrie geeigneter ist. Schliesslich wurde festge
stellt, dass durch eine Veränderung der Umweltsfaktoren wesentliche quantitative und 
qualitative Veränderungen in den übrigen histologischen Eigenschaften des Roggen
strohs verursacht werden.

Р Е З Ю М Е

На соломе ржи, выращенной в Эрсентмиклош (вблизи Будапешта) в опытах 1954- 
года, мы провели сравнительные количественные анатомические измерения. Растения 
выращивались на песчаной почве без удобрения, с поверхностным внесением навоза, 
и с двухслойным глубоким внесением навоза. Из нескольких ярусов каждого междоузлия

---------изготовлялись—поперечные и продильныи срезы ипмацераты. b результате измерений,
проведенных на препаратах, выяснилось, что размеры тканей, а также длина и толщина 
склеренхнматических волокон вообще увеличиваются от верхних к нижним междоуз
лиям. Поэтому с точки зрения бумажной промышленности кажется более выгодным как 
можно более глубокое срезание ржаной соломы при уборке. Рожь, выращенная на неудоб
ренном песке, содержит относительно больше склеренхимы, чем рожь на удобренном 
песке. У  ржи, выращенной при двухслойном глубоком внесении навоза, количество парен
химы и хлоренхимы самое большое, поэтому для сельско-хозяйственных целей кажется 
более подходящей, а для бумажной промышленности более подходящая рожь без 
удобрения. Изменение факторов окружающей среды вызывает значительные количес
твенные и качественные изменения и в прочих гистологических свойствах соломы ржи.
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