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The International Biological Program contributed to quick develop
ment of ecology all over the world. The second special issue ,Ecology”
of the scientific journal ,Rostlinnd vyroba“ which comprises papers
concerning the problems of agriculture, namely crop production, docu-
ments the contribution of Czechoslovak institutions to this project. The
ecology itself, once a describing and static branch of science, has come
to the fore OL{ interest in the last decades; it has brought a great deal of
new knowledge on agriculture and function of biological systems on
higher as well as higﬁest levels of the organization (population — as-
sociation — ecosystem — biosphere). Ecology also tried to integrate
biological information with knowledge concerning social as well as eco-
nomic problems. At the present stage of information, man becomes a con-
trolling factor which alternates considerably the functions of most eco-
systems on the earth, and creates distinctly divergent new types of eco-
systems.

One of the aims of the IBP was to ascertain the real potential and
upper limits for plant production, namely in the sphere of cultivated
plants. Not only stating certain values but also causal explaining the
processes were searched for. Inspite of an immense progress in physiology,
molecular biology, biochemistry and other branches of science, and also
in agriculture, we have not yet been able to explain sufficiently all
biological bases of the production within the whole ecosystem; so much
further research work is needed in this field.

The excess or insufficiency in heat and rainfall, air composition,
duration and qualit oﬁ light, biological activity, physical as well as che-
mical conditions o¥ the soil, manuring and fertilizing, crop rotations,
cultivars employed, weeds, diseases and pests, and many other factors
are those numerous and wvariable quantities by which the primary
production and yield are affected.

Examining of these factors and their effect on production demon-
strated that yields could be equal, higher or lower even under consi-
derably divergent constellation of various factors. The effect of indi-
vidual factors can be summarized or compensated in various ways, and
various combinations of them can exert a positive or negative influence
from the point of view of man. Therefore, it is mecessary not only to
examine each factor individually but to ascertain also its function to the
other factors. It may be noted, however, that, in various growth stages
of the plant, each factor or complex of them is not of equal importance
to the plant. The reaction of plant to the environment has been
connected with its ontogeny; this means that the reaction is changeable
according to stages. Its quantity and quality being equal, the same fac-
tor that induces positive influence in one developmental stage may exert
indifferent or even negative effect in another stage of development. The
effect of environment is only exceptionally direct (e. g. mechanical ef-
fect of the wind). The influence of the locality is essentially realized by
alternations of the inner ,environment* of the plant, because the plant
does not represent any passive object.
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Differences between theoretically possible and real yields of crops
have still been considerable. The cause of this consists, among others,
in the fact that factors of the production process have not been optimized
yet. The farmer himself, of course, is able to influence them. Thus all
cultural practices and also breeding aims may be interpreted as forming
favourable conditions for maximum exploiting vegetation factors, loca-
lity and intensity of the photosynthetic process, which results in opti-
mum transmission of assimilates into economically important organs of
crops.

The International Biological Program is being closed up. Its essen-
tial ideas, however, will be present in the further program and level of
the research for many future years. It is also connected, to a certain
extent, with the further program Man and Biosphere.

In the course of ten-year lasting International Biological Program
the research workers have gathered an immense amount of actual re-
sults; at present, compiled data are being evaluated. The Program provi-
ded not only many theoretical but also practical answers which have
been directly exploited by agricultural practice as well as pedagogic acti-
vity.

The special issue of ,Rostlinnd vyroba” dealing with ecology of crops
and problems investigated within the framework of IBP in Czechoslova-
kia cannot but to present only a part of research results which were
obtained in various areas in the last ten years. The issue links up with
preceding papers published namely in Rostlinnd vyroba, 1973, Vol. 19,
No. 8 and PT—PP Report No. 1 (Prague 1970, Productivity of Terres-
trial Ecosystems — Production Processes) and papers comprised in refe-
rences listed by individual authors participating in this issue.

Finally I should like to express my gratitude to all organizations and
active participants in the 1BP, namely to the Czechoslovak National Com-
mitee for 1BP hedded by Prof. Dr. E. Hadaé, Dr. Sc., corresponding
member of the Czechoslovak Academy of Sciences, for their assistance as
well as means that could be devoted to this research program.

Doc. Ing. V. Cerny, CSe.

Mezimirodni biologicky program podpotil rychly rozvoj ekologie
v celém svété. Dokladem tohoto vlivu je i druhé monotematické cislo
na tseku zemédélstvi — rostlinné vyroby — v rdmci ncéasti ceskosloven-
skiyjch instituci na tomto projektu. Ekologie sama, ptivodné popisnd, sta-
tickd védni disciplina, se v poslednich desetiletich dostala do poptedi zd-
imu a prinesla mnoho novyjch poxnatkii o struktuie a funkci biologickych
systémi na vyssich a nejvyé&ic% wrovnich organizace (populace — spole-
censtvo — ekosystém — biosféra) a také se pokusila o integraci téchto
pfirodovédnych poznatki se znalostmi ze sféry spolecensko-ekonomické.
V soucasné drovni pozndni vystupuje totiz ¢lovék jako Cinitel Fidici nebo
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vyrazné poxménujici funkce valné vétsiny ekosystémi na zemi a také
vytvdii vyrazné odlisné, nové typy ekosystémii.

Jednim z hlavnich cilii 1BP bylo zjistit skute¢né moznosti a horni
hranice rostlinné produkce, v daném p¥ipadé v oblasti kulturnich rostlin.
Pfitom neslo jen o konstatovdni uréitych hodnot, ale o vysvétleni a pii-
¢iny procesii. V. porovndni s nesmirnym pokrokem fyziologie, molekuldr-
ni biologie a biochemie i jingch disciplin, ale i s celkovym pokrokem
v zemédelstvi stdle jesté nemdme dostateéné vysvétleny vdechny biolo-
gické zdklady produkce v ramci celého ekosystému a bude jesté zapotiebi
mnoho dal$i vyznamné prdce na tomto tiseku.

Piebytek i nedostatek tepla a srazek, slozeni vzduchu, doba osvét-
leni a jeho kvalita, biologickd ¢innost, fyzikdlni a chemicky stav pidy,
organické a minerdlni hnojeni, zpisob stfiddni plodin, odridy, plevele,
choroby, $kiidci a tada da{.ﬁch faktorii, to jsou velmi poéetné a znaéneé
proménlivé veliciny, pisobici na primdrni produkci i viynosy.

Vizkumem téchto faktori a jejich ucéinki na produkci se miizeme
presvedcit, Ze sklizen miife byt stejnd, popfipadé vyssi i niZsi pri uréité
treba i znacné odlisné konstelaci riznych skupin zminénych faktorii.
Jednotlivé faktory se mohou sumarizovat nebo kompenzovat riznijm zpii-
sobem, ¢imZ z hlediska ¢lovéka mize jejich kombinacemi vzniknout pozi-
tivni nebo megativni efekt. Proto je nutné studovat nejen vliv kazdého
faktoru jednotlivé, ale stanovit jej soucasné jako funkci dalsich faktorii.
Pritom kaZdy faktor nebo jejich komplex nemd pro rostliny stejny vyznam
v riznyjch fdzich ristu. Reakce rostlin na prostiedi souvisi i s ontogenexi,
je tedy stadijni. Stejny faktor miiZe mit pfi své stejné kvalité i kvantité
pozitivni vliv v jednom stadiu viyvoje, ale indiferentni nebo dokonce ne-
gativni ve stadiu jiném. Vliv prostfedi byvd jen vyjimeéné piimy (mecha-
nicky — napf. vitr). Vliv stanovidté se ve své podstaté projevuje zménou
vnittniho ,prostiedi® rostliny, nebot rostlina neni jen pasivni objekt.

Rozdily mezi teoreticky moZnymi a skuteéné dosahovanymi produk-
cemi kulturnich rostlin jsou dosud znaéné. P¥i¢iny lze mimo jiné spatio-
vat i v tom, Ze nejsou dostateiné optimalizovdny faktory produkéniho pro-
cesu, které md moznost ovlivnit i samotny zemédélec. VSechna agrotech-
nickd opatieni i Slechtitelské cile lze tudiZ interpretovat jako vytvdieni
podminek pro maximdlni vyuZiti vegetaénich faktorii, stanovisté a inten-
zity fotosyntetického procesu s optimdlnim prevodem asimildtii do hospo-
ddrsky vyznamnych -orgdnii rostlin.

Mezindrodni biologicky program je postupné uzavirdn, i kdyz jeho
zdkladni mySlenky se promitnou v prdci a jeji drovni po mnoho dal$ich
let a uréitd ndvaznost je i v dalsim celosvétovém programu ‘Man and
Biosphere’. Béhem desetiletého trvdni 1BP bylo vyzkumniky shromdzdé-
no nepreberné mnozstvi faktologického materidlu, ktery gyl postupné
zpracovdn a v souéasnosti je kompletizovdn. Pfinesl a ptindsi fadu nejen
teoretickych, ale i praktickych vysledkii, které jsou pougivdny jak pFimo
v zemédélské praxi, tak i pti pedagogické ¢innosti. V predlozeném (Cisle
Rostlinné vyroby, které je vénovdno ekologii kulturnich rostlin a proble-
matice Fesené v rdmci IBP v Ceskoslovensku, je poddn jen krdtky vysek
z praci, které byly v poslednim desetileti vykondny na riznych tsecich.
Tento vytisk navazuje na predchozi prdce publikované predevsim v éaso-
pise Rostlinnd vyroba, 1973, Vol. 19 No. 8, PT — PP Report No. 1 (Prag
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1970, Productivity of Terrestrial Ecosystems Production Processes), a na
pfispévky uvedené v sexnamech literatury jednotlivgch autorii tohoto vy-

tisku.

Zdvérem dékuji vSem organizdtorim a aktivnim spolugracovnikﬁm
IBP, zejména Ceskoslovenskému ndrod. komitétu pro IBP, vedenému prof.
dr. E. Hadatem Dr.Sc., ¢lenem korespondentem Ceskoslovenské akademie
véd, zal jejich pomoc a prostiedky, které tomuto vyzkumnému programu
vénovali.

Doc. Ing. V. Cerny, CSc.
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DRY MATTER PRODUCTION OF FIELD CROPS AT SOME
LOCALITIES IN BOHEMIA

V. CERNY

CERNY V. (Research Institutes for Crop Production, Institute of
Plant Breeding, Praha-Ruzyné). Dry Matter Production of Field Crops
Localities in Bohemia. Rostlinna vyroba (Praha) 21 (8) : 801-808, 1975.

The production processes of six crop species were intensively investigated by the
use of growth analyses at three localities in a ten-years’ period. Experiments
were established in the framework of IBP. On a relatively small area (of 1,635
km? only) a considerable vertical heterogeneity as well as diversity of the en-
vironmental conditions of the localities were ascertained that affected dry-matter
production in winter wheat, spring barley, oats, sugar beet, potato, and horse
bean. Sugar beet proved the maximum rate of dry-matter production at all
localities. Fertilizers were able to reduce considerably the influence of the
locality. The maximum efficiency of solar energy utilization by crops
amounted to 3.0 %, in sugar beet while in other crops it fluctuated between 1.1
and 2.09, in the course of vegetation period. Under very favourable conditions
the examined crops were able to produce as much as 0.45 t.ha-1 per one day.

dry-matter production; productivity; winter wheat; spring barley; oats; sugar
beet; potatoes; horse bean

Ecosystems have always been of an enormous importance to man
providing himself foodstufts, most raw materials and sources of energy
as well. Exploiting the possibilities of natural environment by various
ecosystems ﬁas been considered an essential problem of providing food
for people. From the point of view of the ecosystem-existence it is ap-
parent that, on a certain area, each species occurs on the places where
ecological conditions favour its further development, its survival under
competition of other species etc. The complex of light, heat, water, air
as well as nutrient conditions of each locality exert its influence on the
soil-forming processes; it is also decisive for the nutrient and water up-
take, quantitative ratio and interrelations among plants, as well be-
tween plants and animals. Reversely, flora and fauna realize a strong
influence on the locality by taking up nutrients and water, by accumu-
lating litters, shading the soil surface etc.; in this way the soil-forming
processes are changed in a certain direction. This is also the reason why
changes, sometimes slow, sometimes rather quick, in the whole ecosystems
take place. Agriculture and claims for high production exert their stron-
gest influence namely on arable land. The crop rotation or monocultures,
manuring and fertilizing, irrigation, ploughing or zero-tillage, weed, disease
and pest control can involve, together with other measures employed,
great direct alternatives in the biological balance. The fundamental aim
is, of course, to maintain the stability of the ecosystem and its proper fun-
ction so that the primary productivity of all terrestrial ecosystems on the
arable land and thus also the energy balance of agricultural systems could
be increased.
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Problems of the primary productivity of terrestrial ecosystems be-
came one of the topics of the International Biological Program both in
countries with highly developed agriculture and in developing countries,
and also in non-man-medified vegetation. Since 1964, much information
on the primary productivity of field crops, their yield structure, efficiency
of solar energy etc. has been gathered by the team of research workers
in Research Institutes for Crop Production in Praha-Ruzyné.

MATERIAL AND METHODS

In polyfactorial field experiments carried out at three localities (sec
Table I and Fig. 1) following six crop species were investigated: winter
wheat, spring barley, oats, sugar beet, potato, and horse bean. Plants
were analysed at various stages of development and time intervals by the
use of growth-analysis metod (by Sest ég( et al. 1966), and dried out at
75 °C. Experimental variants were as follows: different crop rotations,
fertilized or non-fertilized, deep or shallow ploughing, high or low sowing
rate, intensive or older cultivars. This paper gives data on the best
forecrop, deep ploughing, high sowing rate, intensive cultivar, fertilized
and non-fertilized variants; data represent the average values of ten ex-
perimental years. Dry-matter production (W,) in cereals and horse bean
is expressed as dry-matter weight of the whole overground phytomass
while in sugar beet and potatoes, W, is expressed as dry-matter weight
of leaves, stems, roots or tubers at the harvest time.

RESULTS AND DISCUSSION

Winter wheat: Quick growth of dry-matter at the tillering as well as
shooting stages proved to be unfavourable for achieving a high final value
of W,. Higher values of W, were obtained in the years when plant growth

BOHEMIA
oTidice

Ruzyné o

Caslav o
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& {
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I. Characteristics of experimental fields. — Charakteristika pokusnych mist

Locality Céslav Ruzyné Lukavec

Latitude L a5 50° 04/ 49° 37

Longitude 15° 25’ 14° 26’ 15° 03’

Above sea level (m) 250 350 600

Great soil group degraded cherno- gray-brown brown soil
zem (Luvic podzolic soil (Cambisol*)
Chernozem™) (Orthic Luvisol*)

Texture class (topsoil) loam clay loam silty loam

Humus (% 2.5 23 1.5

pH (KCI) 7.0 6.1 4.8

P mg per 1 000 g soil 62.9 27.3 8.4

K mg per 1 000 g soil 79.7 124.5 219.9

average of annual

temperature (C°) 8.3 7.7 7.4

average of precipitations

per year (mm) 577 473 685

sunshine per year

(hours) 1680 1750 1556

() = FAO

at mentioned developmental stages was slow. Calculations of the product-
ivity (C) are summarized in Table II. [n all cases the maximum rate of dry-
-matter production per day (Cmax) amounted to as much as 40 g.m™*.
.day~!, namely at the shooting — heading stage. The W, values cbtained
before the harvest time are summarized in Table [II. The highest natural
productivity of the locality (without fertilizing) was ascertained at Ru-
zyné while the lowest at Lukavec. Fertilizing induced increasing in W,
amounting to 56.0 %, 23.0 %, and 113.4 % at Céaslav, Ruzyné and Luka-
vec, respectively.

Spring barley: Differences in the dry-matter gain of individual
experimental variants did not occur before the tillering stage; they incre-
ased up to the period of 10— 15 days prior to full maturity. In the years
when drilling had been made in later spring, the W, proved an increasing
tendency up to the harvest time. The maximum rate of dry-matter produc-
tion per day amounted to 30—35 g. m~? . day~'. The values in non-fertili-
zed variants were by 3—10 g lower at Céaslav and Ruzyné, and by 12 g
at Lukavec. As apparent from Table III, the highest W, values were
observed on fertilized and non-fertilized plots at Ruzyné while lower ones
at Céaslav and the lowest at Lukavec. Fertilizing resulted in respective
increases by 30.1 %, 41.8 % and 120.2 %. On fertilized plots at Lukavec,
dry-matter production was only by 3.8 % lower than at Caslav, while in
winter wheat the difference achieved even 21.4 %.

Oats: As in summer barley, the maximum values of C per day were
found in the stage after heading; on non-fertilized and fertilized plots
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II. Primary productivity (C) during the whole vegetation period in g.m~-2.day—1.
— Primarni produktivita (C) b&hem celé vegetaéni doby v g. m—-2.den-1

Crop Locality 6] i NPK
|

Winter wheat Céslav 4.5 7.1
Ruzyné 5.3 6.6

Lukavec 2.2 4.7

Summer barley Céslav 3.6 5.2
Ruzyné 5.9 7.6

Lukavec 3.6 5.2

Oats Céslav 5.8 6.9
Ruzyné 7.5 8.5

Lukavec 5.4 10.5

Sugar beet Caslay ' 7.0 8.8
Ruzyné 8.4 f 11.0

Lukavec 4.8 i 8.4

Potatoes Céslav 3.3 I 5.1
Ruzyné 4.0 | 5.6

! Lukavec 43 l 5.9

Horse beans Ruzyné 3.6 3.7
Lukavec 3.6 4.0

they amounted to 25 and 40 g. m~? . day~’, respectively. In the course
of the whole vegetation period, the highest values of C in fertilized vari-
ants were at Lukavec (see Table II). The absolutely highest W, value
was ascertained at Lukavec where fertilizing induced an increase of dry-
-matter weight amounting to 95.3 % (Tab. III).

Sugar beet. This crop manifested the maximum dry-matter pro-
. duction per day at Caslav and Ruzyné at the end of June while at Luka-
vec it was by a fortnight later. On non-fertilized plots at Ruzynég, Caslav
and Lukavec, the respective values were 21.5, 59.9, and 31.3 g. m~?* .
day~'. In fertilized variants, the maximum values at Caslav and Luka-
vec were 65.7 gm~* . day~! and 52.3 gm~? . day~’, respectively, while
at Ruzyné& only 26.5. In the course of the vegetation, the highest C was
noted at Ruzyné (Tab. II). The highest natural productivity of locality,
as expressed by the W, value (Tab. III), was found at Céslav while the
lowest one at Lukavec (—25,2 %). Fertilizing resulted in a considerable
diminishing the differences, the difference between Cislav and Lukavec
being only 1.7 %.

Horse bean. This crop was examined at two localities only. The C
values (Tab. IT) were considerably steady; fertilizing induced an increase
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by 11.1 % and 2.8 % at Lukavec and Ruzyné, respectively. The highest
values of W, (Tab. III) were observed at Lukavec.

Data on W, make possible to compare the productivity of individual
localities, crops and fertilizing effects, as well. Relative numbers are given

in Fig. 2. Data are related to W, = 100 % of non-fertilized sugar beet
on chernozem at Céslav.

III. Dry matter production (Wp) in g.m~-2. — Produkce su$iny (Wp) v g.m-2

|
Crop Locality 0 NPK |
i
Winter wheat Céslav 700 1092 |
Ruzyné 910 1120 [
Lukavec 402 858
|
Summer barley Céslav 536 760
Ruzyné 661 860
Lukavec 332 731
Oats Caslav 689 902
Ruzyné 886 996
Lukavec 613 1197
Sugar beet Caslav 1845 2253
Ruzyné 1605 2008
Lukavec 1380 2216
Potatoes Céslav 469 723
Ruzyné 509 716
Lukavec 612 843
Horse beans ' Ruzyné 442 445
Lukavec 556 617

Considering the W, of non-fertilized winter wheat as 100 %, it is ap-
parent that at Caslav, a higher production was obtained only in sugar
beet (263 %) while in the other crops as oats, summer barley, and pota-
toes, the production was lower: 98 %, 77 %, and 67, %, respectively.
Somewhat similar situation was concerning the production at Ruzyné:
sugar beet 176 %, winter wheat 100 %, oats 97 %, summer barley 73 %,
potatoes 56 %, and horse bean 49 %. Quite different picture was obser-
ved at Lukavec, i.e. on soils manifesting a lower natural fertility, higher
rainfall and lower average temperature. At this locality, following W,
values were ascertained on non-fertilized plots: in sugar geet 343 %, oats
153 %, potatoes 152 %, horse bean 138 %, winter wheat 100 %, and
summer barley 83 %. A similar evaluation of fertilized plots provided
approximately equal relations.
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. Production of dry matter. — Produkce su$iny

Evaluating natural productivity of the localities documented very
apparently the function of fertilizers which were able to diminish consi-
derably differences between the primary productivity of the localities.
Results from Caslav and Lukavec have been compared as an example.
Fertilizing was able to reduce the difference in W, value from 42.6 to
21.4 % in winter wheat, from 38.1 % to 3.8 % in summer barley, and
from 25.2 to 1.7 % in sugar beet. On non-fertilized oat plots the W, was
by 11% lower at Lukavec than at Caslav while on fertilized plots the
production at Lukavec was by 32.7 % higher. Non-fertilized potatoes ma-
nifested by 30.5 % higher W, at Lukavec as at Caslav, on fertilized plots
the difference being only 16.6 %.

At the same locality, the differences concerning the W, value of
experimental crops (except for horse bean) were on non-fertilized and
fertilized plots as follows: 315.3 % and 280.4 % at Ruzyng, 393.4 % and
311.6 % at Caslav, 415.7 % and 303.2 % at Lukavec, respectively. Com-

arison of all crops (except for horse bean) and localities showed dif-
erences in the natural primary production W, 555.7 % and on fertilized
plots 311.6 %. Comparing the W, values of all localities and crops (except
for horse bean) showed a relative difference of 678.6 %.

Further results obtained from our experiments also demonstrated
that the maximum efficiency of solar energy in the vegetation period
was found in fertilized sugar beet (about 3 %). Also in non-fertilized
sugar beet the values were usually higher than in other crops. For achie-
ving the highest values of W, during the vegetation period cereals exploi-
ted about 2 % of radiation while potato 1.5—1.9 %, and horse bean 1.1
—1.4 %. The maximum values of radiation efficiency (5.0—6.5 %) were
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noted in the period subsequent to abundant rainfall and higher tempera-
ture. Under such favourable conditions, most examined crops are able to
produce as much as 0.45 t of dry-matter/ha per day.

Further data are given in detail in papers by KFfis§tan, Strnad,
Vrko¢ and Simon.
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8. 4. 1975

CERNY V. (Ustav genetiky a $lechténi, VURV, Praha-Ruzyné&). Produktivita polnich
plodin nékterych stanovidt v Cechdch. Rostlinnd vyroba (Praha) 21 (8) : 801-808, 1975.
V ramci IBP byly po dobu 10 let intenzivné studovany produkéni procesy u Sesti
druht polnich plodin na 3 lokalitich pomoci rustovych analyz. Na pomémé malém
uzemi (1,635 km?2) se vyrazné projevida vertikalni ¢lenitost spolu s dal§imi podmin-
kami prostiedi lokalit v produkei su$iny ozimé pSenfke, jarniho jeémene, ovsa, cuk-
rovky, brambor a koriského bobu. Na vSech stanovistich byla maximdalni produkce
susiny u cukrovky. Prumyslovd hnojiva znac¢né eliminovala vliv stanovisf. Maxi-
malni vyuziti sluneéni energie rostlinami za vegetaéni obdobi bylo u cukrovky kolem
3,094, u ostatnich plodin bylo od 1.1 do 2%, Maximalni pfirtistky sledovanyech plo-
din mohou dosdhnout pii optimalnich podminkach az 0,45 t.ha-1.den-1.

produkece su$iny; prirastek su$iny: ozimA pSenice; jarni jeémen; oves; cukrovka:
brambory; bob
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YEPHEBL B. (Uucturyr reHeruku u cenexnum, HUHP, Ilpara-Pyssine). YpoxaitHocTs moneBbIx
KynTBTyp B HeKOTOpPhIX MecTax npomspacramumsa UYexmu. Rostlinnd vyroba (Praha) 21 (8):
: 801-808, 1975. ’

B pamkax IBP B Teuenme 10 seT MHTEHCHMBHO HSydYanM TpOLeCCH 06pPasOBaHUA MPONLYKIUH C II0-
MOUIBI0 aHAJHM30B pocTa y 6 BHIOB NOJNeBHIX KyJAbTyp B 3 Mecrax npomspactaus. Ha cpasHu-
tensHo Manoit rteppuropuu (1,635 kM2) orueTamBO nposBHAO cebf BEPTHKAJIbHOE pacdJeHEHHe
Hapsly ¢ NPYTHMH yCJIOBHAMY MECTHOH Cpelsl B IPOAYKIMH CYXOrO BelecTBAa O3MMOil IIIEHMIIbI,
gp. AYMEHd, OBCa, CaxX. CBEKJH!, Kaprodens m KoHckOro 6Goba. Ha Bcex yuwacrkax MakcHManpHyio
DPONYKOHI0 CyXOrO Bel. Naja cax. CBekia. MuHepansHble yHOOpeHHMs SHAYMTENBHO YCTPAHHIA
BAUsAHUe MeCT mpouapactanus. COJHeYHyI0 SHEPTHIO BO BPEMs BeTeTallMd B MaKCHMaJbHOW Mepe
HCnosns3oBanu pacreHus cax. csekast (oxomo 3,0 %), a ocranshme xyasrypsmt or 1,1 mo 2 %.
OTH KyAbTyphl MOTYT HOCTMYh MaKCHMMAJbHBIX IPUPOCTOB B ONTUMAJBHLIX YCJIOBHAX B pasMepe
no 0,45 t.ra-1. nemp—1.

NpONyKIHAA cyxono BeNlecTsa, HPKPOCT CyXOI‘O BeIecTsa; O3uMas IIIeHHIa; ﬂpOBOi A4YMEHb;
oBec; caxapHas CBeKJa; Kaprodenn; 606

Adresa autora:

Doc. ing. Vladimir Cerny, CSc., Ustav genetiky a Slechténi, VURV, 16106 Praha-
Ruzyné
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PRODUCTIVITY OF MAIN FIELD CROPS IN SOUTHERN MORAVIA

L. HRUSKA, J. JANICEK, E. BEDNAROVA

HRUSKA L., JANICEK J.,, BEDNAROVA E. (University of Agriculture Brno,
Institute for the International Biological Programme). Productivity of Main Field
Crops in Southern Moravia. Rostlinnd vyroba (Praha) 21 (8) :809-816, 1975.

The aim of this study was to obtain data for comparisons of the productivity of
a field ecosystem with that of grasslands and other natural associations of
Southern Moravia. Main attention was paid to dynamics of dry matter production
and distribution, growth characteristics, and utilization of solar energy by field
crops. In all the crops investigated, dymamics of dry matter production was cha-
racterized by a slow initial increase occurring within the first third of the vege-
tation period after emergence. Within this period the lowest dry matter pro-
duction was observed in barley, the highest in maize. In the period of intensive
growth the highest increment per m2? was observed in sugar beet. In the last
growth period the highest increment per m? was found in wheat. The highest
utilization of solar energy during the whole vegetation period was observed in
sugar beet while the lowest in potatoes. In Southern Moravia the most productive
crops were sugar beet, maize for grain, first-crop-year lucerne, and cereals.

field crops; dynamic distribution of dry matter; growth characteristics; solar
energy; field and grassland ecosystems

The biomass production of a plant population results from the pro-
cess of photosynthesis; this process is dependent on the growth and acti-
vity of the assimilating organs (Watson 1963), intensity of solar
radiation, respiratory losses of saccharides (Monteith 1965), and con-
version of energy of solar radiation per unit of crop area during the
production process (Sestdk, Cats 189 et. al. 1966).

The aim of this study was to obtain data for comparisons of the
productivity of artificial associations of a field ecosystem with that of
grasslands and other natural associations of Southern Moravia. The expe-
riment was established on an experimental plot of the Institute for the
International Biological Programme, Department of Field Crops (University
of Agriculture, Brno) in Lednice (Moravia) within the period of 1970 to
1972. The altitude, latitude, and longitude of the site were 164 m, 48°
48 N., and 16° 48 E., resp. The soil of the experimental plot was classi-
fied as chernozem on loess (the humus horizon approx. 65 c¢cm, 2.3 %
of humus, pH (H20) 6.5 with good reserves of easily available nutrients
CaO, P20s, and N and with a lower content of available K,O. The average
annual temperatures over fifty years and over the vegetation period are
+ 9% and + 16°C, resp. The average annual precipitations ranged between
500 and 550 mm (524 mm); for the vegetation period they amounted to
350 mm. The average annual sunshine ranged betveen 1,800 and 2,000
hours (1873 hours), the annual sum of global solar radiation was
362,737.02 kJ.m~? (this value being a four-year average).
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MATERIAL AND METHODS

The field ecosystem consisted of artificial associations arranged in a nine-crop
rotation with the following main crops: winter wheat (cultivar ‘Mironovskaya’),
summer barley (cv. ‘Dvoran’), maize (hybrid ‘CE V’), sugar beet (cv. ‘Dobrovicka A’),
and early potatoes (cv. ‘Hera’).

Main attention was paid to dynamics of dry matter (DM) production and distri-
bution, growth characteristics estimated in two-week intervals according to the growth
analysis method (Sestak et al, 1966), and utilization of solar energy by field crops.
Results obtained were evaluated from the viewpoint of production of individual
crops of the field ecosystem as compared with the production of the grassland eco-
system. The production of this crop rotation was compared with the production of
the Lednice School Farm and with the average production of the Breclav district.

RESULTS AND DISCUSSION

DYNAMICS OF DRY MATTER FORMATION (TABLE I)

In all the crops investigated the dynamics of dry-matter formation
(Fig. 1) was characterized by a period of initial slow growth (the first
third of the vegetation period). In this period barley produced the lowest
proportion of the final dry matter production, namely 6.5 %; the highest
dry matter production was observed in maize (109 % of the total dry
matter). In potatoes, sugar beet, and wheat these values were 9.1; 7.7
and 7.6 %, resp. The lowest daily increment of dry matter per m? was
observed in potatoes, barley, and sugar beet (2.78; 3.16 and 3.83 g., resp.)
while the highest ones were registered in maize and wheat (3.95 and
3.97 g., resp.).

During the period of intensive growth, corresponding to 40.4 to
57.5 % of the vegetation period, 94.8; 78.3; 71.1; 64.5 and 56.4 % of total
dry matter were produced by maize, sugar beet, potatoes, barley, and
wheat, resp. During this period the highest daily increment of dry matter
per m* was observed in sugar beet (27.75 g., i. e. 25—times more than
in the period of slow growth) followed by barley (25.39 g., i. e. 8.03—
—times more), wheat (22.69 g., i. e. 5.72—times more), maize (19.60 g.,
i. e. 4.96—times more), and potatoes (16.14 g., i. €. 5.82—times more).

During the final stage of growth which ranged from 9.6 to 27.0 %
for the individual crops, the highest proportion of total dry matter was
ﬁroduced in wheat and barley (36.0 and 29.0 %, resp.) indicating their

igh storage capacity; in potatoes and sugar beet this production corres-
ponded to 19.8 and 14.0 %, resp., while in maize to —5.7 % only. The low
storage capacity observed in maize resulted from a reduced size of produ-
ctive and transport organs. The daily increment of organic matter per
m? in wheat was 32.39 g. (i. e. 8.16—times more than during the period
of initial growth) followed by barley (17.08 g., i. e. 5.42—times more),
sugar beet (10.17 g., i.e. 2.65—times more), potatoes (6.97 g., i.e. 2.5—
—times more), and maize (—7.12 g., i. e. 1.80—times less).

GROWTH CHARACTERISTICS

The evaluation of growth characteristics was carried out on the basis
of fitted curves (Kvé&ét, Nefas, Ondok 1971). In Tab. II only the
maximum values are presented with the number of days from emergence.

The leaf area index (LAI) reached the maximum value in cereals
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and early potatoes, maize, and sugar beet after 48 to 59, 89 and 03 days,
resp. In aﬁ crops, excegting maize, these values were higher than those
presented in earlier studies (Nichiporovich 1967). Our values ap-
proached or slightly exceeded the maximum values observed by Vrko¢
(1974). The low value of LAI in maize suggests that a low crop density
was selected (48,500 plants per hectare).

The highest value of leai area duration (LAD) was registered in
sugar beet and maize (159 and 117 days, resp.) while in cereals and early
potatoes the maximum LAD was attained after 74 to 86 days.

Sugar beet and maize showed the highest values of net assimilation
rate (NAR) and, thus, the highest production of dry matter in g . m~?
(Tab. III). In wheat a low value of NAR was considerably influenced by
an unaccountably low value registered in 1972; for that reason it does
not correspond to other characteristics.

The maximum values of relative growth rate (RGR) were observed
in early potatoes which showed low dry matter increments at the begin-
ning o%, vegetation (Tab. I); the other crops showed higher daily incre-
ments and for that reason their RGR values were lower.

The highest productivity (C) was observed in wheat; this coincides
with data published by Vrko¢ (1974). A high C rate was observed in
sugar beet followed by barley, maize, and potatoes. In wheat, barley, and
potatoes the maximum C was attained sooner (within 48 to 59 days) than
in sugar beet and maize (93 and 84 days, resp.).

Fig.1
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I. Dynamics of dry matter production in individual crops in g.m=2 (1970 to 1972). —
Dynamika narustu su$iny u jednotlivych plodin v g. m=2 (1970—1972)
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UTILIZATION OF SOLAR ENERGY BY FIELD CROPS

The percentual utilization of incident solar radiation was followed
in winter wheat, spring barley, and maize within the period of 1971 to
1972 while in early potatoes and sugar beet within the years of 1970 to
1972,

Dry matters of individual plant organs were combined, according to
their percentages in the total dry matter, into an average dry matter samp-
le which was used for the estimation of the content of energy in the total
dry matter of selected crops. The percentual utilization of solar radiation
available to the crop within the period from emergence (in winter wheat
from emergence at temperature over 6 °C) to sampling was calculated
from the combustion heat of the individual samples (k] . g. dry mat-
ter™!). The utilization of photosynthetically active radiation (PhAR)
which corresponds to 45 % of global radiation (GR) (Sestdak et al
1966) was also calculated.

During the vegetation period the percentual utilization of solar radi-
ation ranged, in winter wEeat from 0.30 to 1.68 % (at the beginning
of the spring vegetation and to the peak vegetation, resp.); in summer
barley, maize, potatoes, and sugar beet these values were 0.37 to 1.92; 0.13
to 1.62; 0.17 to 1.09, and 0.39 to 1.89 %, resp. (Fig. 2).

Data obtained (Tab. 3) indicated differences between the individual
crops. Within the period investigated the average energetic value of 1 g.
of DM was 17.58; 17.58; '17.50; 15.87 and 15.32 kJ in winter wheat, sum-
mer barley, maize, sugar beet, and early potatoes, respectively.

Fig.2
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2. Utilization of global radiation by some crops during the period of vegetation (1971).
— Vyuziti globalniho zaieni nékterymi plodinami b&hem vegetaéniho obdobi (1971)
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1. Dry matter production and daily increments during the individual growth periods (average 1970 to 1972). — Vytvofend hmota a denni
piirtstky v jednotlivych fazich rustu (prumér 1970—1972)

Slow growth Intensive growth Final growth
o * & +
Cre DM Daily DM Daily DM Daily
op e g o 'g produced increment 2 ;§ E'S produced increment 3 é SE produced increment
&

a e\"gig.m" % |g.m2 % | & °\°§§. g.m? | 9% lg.m? 9% | A& [® g.m?| % |[g.m? %
Wheat 43 34.7 |170.58| 7.6 | 3.97 | 0.18 | 56 45.2 | 1,270.79 | 56.4 | 22.69( 1.01 | 25 20.1 | 809.70 | 36.0 | 32.39| 1.44
Barley 34 32.7 |107.54| 65 | 3.16 | 0.19 | 42 40.4 | 1,066.49 | 64.5 | 2539| 1.53 | 28 269 | 478.36 | 29.0 | 17.08| 1.04
Maize 48 32,9 |189.67| 10.9 | 3.95 | 0.23 | 84 57.5 | 1,646.79 | 94.8 | 19.60| 1.13 | 14 9.6 | —99.69 |—5.7 [—~7.12|—0.41
Sugar beet | 60 32.4 (22990, 7.7 | 3.83 | 0.13 | 84 45.4 | 2,331.06 | 78.3 | 27.75| 0.93 | 41 222 | 417.36 | 14.0 | 10.17| 0.34
Potatoes 31 31.0 | 86.12| 9.1 | 2.78 | 0.29 | 42 42.0 677.88 | 71.1 | 16.14| 1,70 | 27 27.0 | 188.17 | 198 | 6.97| 0.73

D M = Dry matter

II. Maximum growth characteristics (average 1970 to 1972). — Maximélni hodnoty rtstovych charakteristik (pramér 1970—1972)

Days
. [ miime | GEL | Do | iy | DA | d | ot da
‘Wheat 59 6.06 31.41 86 79.43 30 0.202 0.0023
Barley 48 4.52 27.77 74 53.83 33 0.166 0.0034
Maize 84 2.56 2549 117 4085.77 43 0.168 0.0068
Sugar beet 93 5.15 30.74 159 6248.08 70 0.121 0.0070
Potatoes 57 4.34 19.90 71 3087.42 39 0.359 0.0017

III. Utilization of global and photosynthetically active radiation by some crops. — VyuZit{ globalnfho a fotosynteticky u¢inného
sluneénfho zaieni nékterymi plodinami

X Utilization of
oo | omime | oM | Eewsenn | Dimsh | Bewed | msies
(g.m™) (k] . m? of stand
GR PhAR
Winter wheat Mironovskaya* 1348.62 17.58 1897916.80 23704.15 1.25 2.76
Summer barley Dvoran** 1283.52 17.58 1483529.77 22601.47 1.52 3.39
Maize CE 380** 1839.20 17.50 2168971.74 32253.68 1.49 3.30
Sugar beet Dobrovicka A*** 3120.87 15.87 2586292.17 47054.60 1.81 3.86
Potatoes Hera*** 946.63 15.32 1460824.76 14539.91 0.99 2.21

Note: *** ayerage 1970 to 1972
** gyerage 1971 to 1972
* from emergence at temp. over 6 °C
GR = Global radiation
PhAR = Pt i

e T
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In winter wheat the utilization of global solar radiation correspon-
ded to 1.22 and 1.27 % in 1971 and 1972, resp.; a two-year average ob-
served towards the end of vegetation was 1.25 "};. In summer barley these
values in 1971 and 1972 were 1.45 and 1.59 %, resp., the average being
1.52 %. In sugar beet these values were 1.81; 1.89 and 1.73 % in 1970,
1971, and 1972, resp., with a three-year average of 1.81 %. In maize the
utilization of solar radiation was 1.49 % in both years (1971 and 1972).
The lowest utilization of solar energy was observed in early potatoes, viz.
0.87; 1.04 and 1.07 % in 1970, 1971, and 1972, resp.: the three-year ave-
rage was 0.99 %. The utilization of photosynthetically active radiation
observed in winter wheat, summer barley, maize, sugar beet and early
potatoes was 2.76; 3.39; 3.30; 3.86 and 2.21 %, respectively.

DRY MATTER PRODUCTION

As compared with the dry matter production of sugar beet, (23.10
tha=?, i. e. 100 %) maize, first-crop-year lucerne (I), wheat after lucerne,
wheat after potatoes, barley with the underseeding after sugar beet, se-
sond-crop-year lucerne (II), and tuber potatoes produced 60.94; 55.36;
51.77; 50.33; 39.71; 35.89 and 29.20 %, resp. (Tab. IV).

As far as the yields of the original biomass are concerned the highest
production was observed in sugar beet (111.33 tha~?) followed by pota-
toes, maize, lucerne I, winter wheat after lucerne, winter wheat after pota-
toes, barley without the underseeding after maize, barley with the under-
seeding after sugar beet, and lucerne II (35.24; 16.64; 15.05; 14.09; 13.70;
10.79; 10.79 and 9.75 t.ha~?, resp.).

The two-year average yield of the biomass of catch crops was 22.77
and 16.85 tha~! in mixtures and stubble lucerne, resp.

F'S 3
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3. Percentual distribution of dry matter into individual plant organs prior to the
harvest. — Procentické rozmisténi sudiny v jednotlivych organech rostliny pied sklizni
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CL6T — VHOUAA VNNITLSOYH V[s

IV. Comparison of economic and dry matter yields with those of the Lednice School Farm and the Bi‘eclav district (1970 to 1972)
— Prehled hospodaiského vynosu a sudiny sledovanych plodin, jejich porovmani v pokusu s pfihlédnutim k produkei $kolnfho
podniku a okresu Bfeclav v roce 1970—1972

: g DM Bieclav
(tYl}elLd_l) 2 'g -g; production S‘Elzootlliﬁl)’m District
- g g, (t.ha) . (t . ha 1)
g g |8 |2 e .
Cro o g =Rt 9
P 8139 P g | Eg [S5E & |9y (9l g )
5 | 87 97 25 | 88 | gES & 8§88 | 83 = g
9 | 8 =y S 5|85 |28 = 2= | 95 > z
g B | =48 oY) < P D S| x« ° 22 | 28 | -2 @ = 1K @
5 s |85 | 8 |=% E °g|°2 |88w| § | 5 |85 |88 (<8 8 |38 8
O |ad |Oe | & |Ae RNE | °A |<RE | & | B |Om |[OD|iRE| O |KRE| O
Winter wheat
after potatoes 4.76 | 8.96| 13.70 6 | 11.63 5 |50.33| 65.21 | 93.76*%| 4 - - — — -
Winter wheat
after lucerne 4.94| 9.15| 14.09 5 11.96 4 | 51.77| 67.65| 96.45% 2 - — — - - - -
Barley with the
underseeding after
sugar beet 4.89( 5.90| 10.79 8 9.17 d 39.71 | 67.31, 88.19 6 — — - — — — —
Barley without the
underseeding after maize | 4.67 | 6.12] 10.79 7 9.18 6 |39.73| 6432 8825 | 5 - - - - - - =
Maize for grain 7.43| 9.21| 16.64 3 14.08 2 60.94 {100.00 | 96.42 3 — - — - -
Sugar beet-root 64.81 | 46.52(111.33 1 23.10 1 [100.00 — 124.86 1 — - — - — —
Potatoes — tubers 35.24 35.24 2 6.74 9 |29.20| — 67.45 | 7 — — — — — - -
Lucerne I Hay 15.05| 15.05 4 | 12.79 3 |5536| — 66.95 | 8 - — — — - —
Lucerne 11 Hay 9.75| 9.75 9 8.29 8 |3589 — 43.40 | 9 - - - - —
Stubble lucerne Green
matter 16.85| — 129 — — — — — — - - — - - —
Catch crops Green
matter 2277 — - — - - - - - — — - - | —
|
@ Production of dry matter . ha! 11.88 11.88| 9.68| 6.83| 7.16 1.95| 7.18 | 2.04
Total 13.17 ‘ % 100.00| 81.49 | 57.50 | 60.24 | 16.41 | 60.48 l 17.19

*) in course of days at temp. over 5 °C




Coefticients oi eificiency (Fig. 3) of ear yields in wheat, spring bar
ley and maize were 0.46; 0.49 an?j 0.55, resp., the coefficient of efficiency
of the grain yield in maize was 0.45, while those of roots and tubers in
sugar beet and potatoes were 0.77 and 0.70, resp.

In Southern Moravia the most productive crops were sugar beet, mai-
ze for grain, lucerne I, and cereals. Due to a low production of dry mat-
ter potatoes are suitable only as a very early crop in this region. Accor-
ding to yields obtained on experimental plots the average daily product-
ion after emergence in sugar geet, wheat after lucerne, wheat after pota-
toes, barley without the underseeding, barley with the underseeding pota-
toes, lucerne I, and lucerne II corresponded to 124.86; 96.45; 93.76; 88.25;
88.19; 67.45; 66.95 and 43.40 kg of DM per hectare resp.

The average DM production per hectare was 11.88 t. Catch crops and
stubble lucerne further increased this average production by 1.29 tha-!
so that the total value of DM production was 13.17 t.ha='.

As compared with the grassland ecosystem the field ecosystem pro-
duced 11.88 t of DM per 100 ha while the former 9.68 t only (i.e.
81.49 %). It can be concluded that the production of the field ecosystem
was higher by nearly one fifth.

COMPARISON OF EXPERIMENTAL RESULTS WITH FIELD DATA

As compared with DM productions of the same ecosystems establi-
shed on the Lednice School Farm and in the Bfeclav district the calcula-
ted DM production of this experimental ecosystem was higher by 39.76
- and 39.52 %, resp. If DM production of this ecosystem was held for
100 %, then that obtained on the School Farm and in the Bfeclav dictrict
was 60.24 and 60.48 %, resp. A greater difference was found in the grass-
land ecosystem where the DM productions of the School Farm and
Bieclav district corresponded only to 16.41 and 17.19 %, resp., of the expe-
riment (100 %).

As one can see the intensity of plant production shows a satisfactory
level under field conditions of this region; however, there are still some
reserves, especially as far as the grassland ecosystem is concerned.
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HRUSKA L., JANICEK J.,, BEDNAROVA E. (Vysoka 3kola zemédélska, Ustav pro
mezindrodni biologicky program, Brno). Produktivita hlavnich polnich plodin na jiZni
Moravé. Rostlinna vyroba (Praha) 21 (8) :809-816, 1975.

Cilem vyzkumu bylo ziskat podklady pro porovnani produktivity polniho ekosystému
s produktivitou lu¢nich a ostatnich pfirozenych spolefenstev v oblasti jizni Moravy.
Ve zhodnoceni byla vénovana pozornost dynamice narustu a distribuci su$iny, cha-
rakteristikdm ristu a vyuZit{ sluneéni emergie polnimi plodinami. Dynamiku tvorby
sudiny u vdech sledovanych plodin 1ze charakterizovat pomalym poéateénim ristem
v prvni tfetiné vegetaéni{ doby od vzejiti. V tomto obdobi vytvofil nejméné hmoty
jeémen, nejvice kukutice. V obdobi intenzivniho ristu vytvofila nejvétdi prirtstek na
1 m? cukrovka. V poslednim obdobi ristu dosdhla nejvétsi pfirtstek na 1 m? penice.
Nejvice vyuzila slune¢niho zafeni béhem vegetaéniho obdobi cukrovka a nejméné
brambory. Nejproduktivnéj§imi plodinami v oblasti jiZni Moravy byly cukrovka, ku-
kufice na zrno, vojtéska v prvém uZitkovém roce a obilniny.

zemédélské plodiny; dynamika suSiny; rustové charakteristiky; sluneéni zafeni; polni
a luéni ekosystém

I'PYIIKA JI., AHUYEK W., BETHAPXOBA 3. (CennckoxosaicTBeHHHIH MHCTHTYT; MHCTHTYT
MEeKIyHapONHOH 6HONOruueckoirt mporpaMmsl, BpHO). YpoxaiHOCTE TIIaBHEIX IONEBEHIX KyJABTYp
B 1oxHo# Mopasun. Rostlinnd vyroba (Praha) 21 (8):809-816, 1975.

Ilens paGor cocrosna B mpmoGpeTeHMH NAHHBIX IS CPaBHEHHS NPOLYKTHBHOCTH IIOJNEBOH SKO-
CHCTEeMB! € TPONYKTHBHOCTBIO JIYTOBHIX M OCTAJbHBIX €CTECTBEHHLIX COOOUIECTB B 06GJaCTH I0KHOU
Mopasun. OG6o6manu NWHAMHKY HAapaCTaHAA M pacnpeleNeHHst CYXOrO Belll., XapaKTePUCTHKH
pOCTa M MCNONB30BaHME COJNHEYHONM SHEPrHM NOJNEeBHIMM KyabTypaMu. [lumaMuky o6pasoBaHus
CyXOro BemjecTBA y BCEX M3yYyaeMbIX KyJbTYyp MOXKHO OXapaKTepH30BaTh 3aMeNJIEHHBLIM HadaJbHbIM
pOCTOM B NEpBOM TpPEeTH BereTallMOHHOrO INEpHONa IIOCJe MNOABJEHUsA BCXONOB. B sror nepuon
HaUMeHbIIyl0 Maccy o6pasyer suMeHb, a HauGoibmyl0 KyKypysa. B mepuon HHTEHCHBHOrO pocTa
ofpasyercs caMblifi BHICOKMM NPUpOCT Cax. CBeKnn Ha M2, B nocnenuuit nmepmon pocra Hamboan-
mero mpupocra Ha M2 gocturaer mmeHuna. COnHewHylo SHEPTHIO B TedeHHe Bereranuyu GOssime
BCETO MCIOJb3yer cax. CBeKJa, MeHbIle Bcero Kaprodens. CaMmele ypokaliHEle KyJLTYpPH B I0XKHOMK
Mopasuu cienyomue: cax. cBekjaa, KyKypysa Ha 3epHO, JonepHa B | TOXy mnOJB3OBaHHUA,
3epHOBHIE.

CeABLCKOXO03AMCTBEHHEIE KyJNBTYpHl; NIMHAMHUKA CYXOIO BENIECTBa; XaPaKTEPUCTHKH DOCTa; COJHEYHas
sl'eprus; noJesas M Jyropas SKOCHCTEMA

Adresa autori:

Prof. ing. dr. Ladislav Hruska, DrSc., ing. Josef Janiéek, ing. Emilie Bedn4-
fov4, Vysoka 3kola zemé&délska, Ustav pro mezindrodni biologicky program, 662 65
Brno
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THE EFFECT OF CULTURAL PRACTICES AND CONDITIONS
OF LOCALITY ON GROWTH — DYNAMICS AND PRODUCTIVITY
OF MAIN FIELD CROPS

F. VRKOC

VRKOC F. (Research Institutes for Crop Production, Institute of Genetics and
Plant Breeding, Praha-Ruzyné). The Effect of Cultural Practices and Conditions
of Locality on Growth — Dynamics and Productivity of Main Field Crops. Rost-
linn& vyroba (Praha) 21 (8) :817-823, 1975.

The quickest increase in dry-matter of the overground phytomass W was obser-
ved in winter wheat, namely in spring at all four localities, while the slowest
one was noted in potatoes. In sugar beet and other crops, maximum daily gains
in dry-matter of overground phytomass C were attained at different periods, not
achieving, however, in most favourable days, the values 40—45g .m=2, day-!
on fertilized plots of different localities. On non-fertilized plots, the respective
values were by 5—15 g.m~2 lower. On fertilized plots, the higher dry-matter
production of the phytomass W was realized rather via higher LAI values
while on non — {fertilized plots, rather via higher values of NAR. Up to the
period of maximum values, a positive correlation was observed between LAI
and NAR values; while later on, the correlation was negative. It was ascer-
tained that in cereals about 50—70 9, of final amounts of phytomass were produ-
ced in a period of three weeks about heading — time, when maximum LAI were
observed. Fertilizing prolongated the leaf area duration by a few days. Fertili-
zing positively affected the proportion of leaves, stems and ears in the total
phytomass. There was ascertained a mostly direct relation between LAD and
final yields. High C values prior to heading time did never result in high yields
of cereals. In more intensive cultivars the yields were more closely connected
with dry-matter yields of the overground phytomass. These cultivars exhibited
not only more favourable distribution of dry-matter in favour of crop yield, but
also higher dry-matter yields in the overground phytomass W. Maximum yields
in sugar beet and potatoes were obtained in the years in which a quick increase
in LAI values was ascertained in the first half of vegetation period; in this way,
it was possible to attain higher LLAI values in summer time.

growth-analysis; cereals; root and tuber crops; growth-characteristics; produc-
tivity

Cultural practices may be interpreted as forming conditions for ma-
ximum exploiting vegetation factors for the optimum transmission of as-
similates into agriculturally important parts of plants. The grower thus
aims to get the maximum production o? dry-matter of plants, namely of
their parts that are important for yielding capacity.

At present, no satisfactory data and results of analyses are available
concerning the influence of various cultural gractices on production pro-
cesses in the course of vegetation period and in certain environment. It
is clear that each cultivating measure has to tend to secure more suitable
accordance between processes of dry-matter production in the phytomass
and supply of the solar energy.

Most domestic as well asg%'oreign papers examined some problems of

growth — dynamics and productivity of field crops, mainly from the
point of view of physiology and genetics; variety — differences were
mostly stated by them. We aimed to exploit growth — analysis for
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investigating production processes also from the point of view of fertiliza-
tion and other cultural practices, effect of the year and locality as well;
the course of variation in individual factors was studied during the ve-
getation period.

LOCALITY AND METHODS

Experiments were carried out in the period of 1965—1974 at following four
localities: Praha-Ruzyné, Caslav (district Kutna Hora), Lukavec (district Pelhiimov),
and Tigice (district Mélnik). Conditions of the localities are given in the paper by
Cerny (1975) and Simon (1975).

Examining of production processes was made by the use of growth-analysis on
fertilized and non-fertilized plots of polyfactorial field experiments. Moreover, ex-
periments at Ruzyné comprised two experimental cultivars while at TiSice winter
wheat was grown either under irrigation or without it. Following eight crops were
examined: winter wheat, summer wheat, summer barley, oats, rye, sugar beet, po-
tatoes, and horse bean. Survey on experimental cultivars and variants of fertilizing
is given in the paper by Kii§fan (1975 and Simon (1975).

Overground parts of plants (inclusive of roots and tubers in sugar beet and po-
tatoes) were analyzed in 10—14 days’ intervals in the course of vegetation period. We
employed analyzing methods that were commonly used in the research of IBP.

RESULTS AND DISCUSSION

Some partial results were discussed in our previous papers (see
References).

On the basis of long — term investigation we tried to interprete and
model the course of some growth — characteristics (in field crops) in the
course of vegetation period (Vrko¢ 1974).

The influence of localities and experimental years was expressed na-
mely in some shifting of curves and in an earlier starting as well as later
finishing of the vegetation period of individual crops. Duration of the vege-
tation period in the same crop and year differed as much as 10—20 days
at various localities. From graph 1 it is apparent that, at all localities,
the highest amounts of dry-matter in the total phytomass were attained
in sugar beet at harvest time. Phytomass production in individual crops
was studicd in greater detail in the paper by Vrko¢ (1974b), and the
influence of natural productivity of the locality was discussed in the
paper by Cerny (1975).

In spring, the quickest increase of values was always found in win-
ter wheat. On the contrary, the slowest course of curves was in potatoes
and horse bean at all localities. The gain in overground phytomass amoun-
ting to 10, resp. 20 g.m~2.day~! during a greater part of vegetation
period (as shown in the direction of straight lines in graph 1) should be
also considered a goal of crop production under our conditions. :

Individual crops achieved their maximum daily gains in dry-matter
of overground phytomass (C) at various periods; they did never exceed,
of course, the limit of 40—45 . g . m~? . day~'. This value may be con-
sidered the maximum possible productivity of field crops, namely in days
with most favourable conditions (Vrko¢, 1974b). Mentioned gain was
reached under most favourable meteorological and cultivating conditions
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t. ha?

— —— winter wheat
spring wheat
spring barley
15 -
sugar beet
potato
oats

10 - horse bean

4 5 6 i 8 9 months

1. The average course of alternations in phytomass production
(W) in main crops during the vegetation period. — Primérny
prubéh zmén produkce biomasy W u hlavnich plodin v pri-
béhu vegetace

on fertilized plots, and more frequently at localities Ruzyné and Céslav
than at Lukavec with soils of lesser fertilit{'. On non-fertilized plots
the values were, dependently on the crop and locality, by 5—15 g . m~?

. day~! lower. Crops differed only very slightly. In general, it may be
stated that not only sugar beet but also other investigated crops, when
tertilized, are able to reach the maximum C value of 40-45 g . m~2 .

. day~!, in most favourable days, of course. Periods in which plants
exhibit maximum C — values are, however, relatively short. It will be
thus necessary to grolongate them, namely through prolongating the ve-
getation period and by cultural practices as well. Also breeding should
aim for plants with a longer period of highest productivity.

In all crops, maximum values of leaf area index LAI (graph 2) were
attained nearly at the same time as maximum C, or some days later. At
all localities t]ze highest values were got in winter wheat due to its high
yields and high numbers of stems per unit of area.

Generally it can be derived from our long — term investigation on
growth of field crops that, on fertilized plots, higher production of phyto-
mass was realized rather via higher values of LAI while, on non-fertili-
zed plots, rather via higher value of NAR.

Our experiments did not confirm any proportion between dry-matter
production of the phytomass and LAI. From graphs 1 and 2 it is appa-
rent, however, that, in all crops and localities, maximum values of LAI
were attained considerably earlier than maximum values of dry-matter in
the phytomass W. Up to the period with maximum values, there was
observed a positive correlation between LAI and NAR; later on, however,
the correlation changed into negative.
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6 — — — winter wheat
spring wheat
spring barley
sugar beet
potato

oats

horse bean

4 5 6 7 8 9 months

2. The average course of leaf area index (LAI) in main crops
during the vegetation period. — Prumérny pribéh zmén po-
kryvnosti listovi LAI u hlavnich plodin v pribéhu vegetace

Though considerable variability took place, we confirmed that NAR
differed to some extent according to cultivars, fertilizing variants, years,
and localities, no remarkable relations being stated, however, between
NAR and crop yield.

In our experiments it was demonstrated that, as a rule, fertilizing
increased all values ascertained by growth — analysis, namely on soils
with lower fertility or when combined with irrigation. Only on more
fertile soils or after favourable preceding crop, cultivars differed some-
times more than fertilizing variants. Fertilizing thus proved to be a deci-
sive factor which is able to eliminate differences between cultivars, loca-
lities and years. On fertilized plots, however, the intensive cultivar mani-
fested a greater increase in values of growth analysis than the less produ-
ctive cultivar did.

Examining the group of cereals in greater detail showed that, at the
period of three weeks about heading time, when maximum values of
C and LAI were obtained, plants produced about 50—70 % of the final
content of dry-matter in the overground phytomass. First yellow leaves
appeared already at the beginning of shooting stage their number per plant
being higher namely on non-fertilized plots. Fertilizing prolongated the
duration of green leaf area by about 2—5 days; localities differed, how-
ever, much more. In all cereals maximum values of dry-matter producti-
on attained in leaves were observed about heading time while in stems
by about a fortnig-ht later. Proportion of dry-matter in ears (panicle) in-
creased quickly from milk up to wax ripeness. At this period even
about 80 % of the total dry-matter in ear were sometimes produced in
the course of only four weeks. Proportion of dry-matter in ears from the
total overground phytomass fluctuated about 50 % as dependent on fer-
tilizing, locality, year and cultivar.
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Distribution of dry-matter in the total overground phytomass of cere-
als was typically steady being not expressively influenced ncither by
localities nor by fertilizing and years. Difference was stated only between
dwarf and longstem cultivars. Fertilizing thus caused an increase in
the proportion of leaves, stems as well as ears in the phytomass.

Among cereals, the highest increase in dry-matter of the total phyto-
mass C was found in non-fertilized plots of winter wheat. It attained as
much as 25-30 during the period of 10—14 days after heading stage.
In some days it reaches even 40—45 g . m~? . day~'. Non-fertilized plots
provided by '5-15 g . m~? . day~* lower values. Also leaf area index
(LAI) reached its maximum value at this time, being increased by fertili-
zing by 1—2 m? . m~2 An example of the course of LAI in winter wheat
cv. ,Jubilar®, on non-fertilized plots at individual localities in 1971, is
given in graph 3. The maximum values of LAI in wheat attained 5—6, in
some years with extremely high yields and numbers of stems even 8 m?
. m~?% they were obtained on most fertile soil or under irrigation. In some
cases, however, high values of LAI in former winter wheat cultivars
proved to be unuseful from the point of view of their productivity.
When ascertained after heading, leaf area duration in winter wheat or
summer barley on fertilized plots was as much as several times higher
showing always a direct relation to grain yield produced.

m? m?
20 Ruzyné
— e Cdslav
15— — | ukavec
10 |~
05t
.
N
0 | | | |
4 5 6 7 months

3. The course of alternations in leaf area index (LAI) in win-
ter wheat cv. 'Jubilar’ in 1971. Data on non-fertilized plots of
three different localities. — Pribéh zmén pokryvnosti listovi
LAI u ozimé pSenice odrudy ‘Jubilar’ v r. 1971 v pribéhu
vegetace na nehnojenych dilcich t¥i riznych stamovist

In latest cereal cultivars grain yields were mostly closely connected
with dry-matter yield of the total overground phytomass than in former
cultivars. It was demonstrated that breeding was able not only to alterna-
te distribution of dry-matter in the phytomass in favour of crop yield,
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but also to increase the yield of dry-matter in the overground phytomass
of latest intensive cultivars.

From examining the growth of sugar beet it was deduced (Vrko¢
1971a) that maximum yields of roots were obtained in the years, when
the first half of vegetation period was characterized by quick growth of
LAI values; this made possible to attain high C values in July and namely
in August.

In potatoes highest C — values were noted in the period between
15. 7. and 15. 8. Fertilizing induced, by a few days later, starting of tuber
formation; the growth of total leaf area, however, was enhanced by it.
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VRKOC F. (Ustav genetiky a $lechténi, VORV, Praha-Ruzyné). Vliv agrotechnickych
opatieni a stanovistnich podminek na dynamiku rustu a produktivitu hlavnich polnich
plodin. Rostlinna vyroba (Praha) 27 (8) : 817-823, 1975.

Nejrychlejsi vzestup hodnot suiny nadzemni biomasy W na jafe byl ve viech étyfech
stanovistich zaznamenan u ozimé ps$enice, nejpozvolnéjsi u brambor. Maximalni den-
ni prirtstek suSiny nadzemni biomasy C byl u cukrovky i ostatnich plodin a sta-
novisf dosahovan v rtiznou dobu a nepiekroé¢il v jednotlivych piiznivych dnech hod-
noty 40—50 g. m-2.den-1 na hnojenych dileich. Na nehnojenych dileich byly tyto
hodnoty o 5—15 g. m~2.den-1. Vys§i produkce suginy biomasy W byla na hnojenych
dilcich realizovéana spiSe pres vy3si hodnoty LAI, zatimco na nehnojenych dilcich
spiSe pies vy$si hodnotu NAR. Mezi LLAI a NAR byla do doby jejich maximdlnich
hodnot kladnad pozdéji vSak jiz negativni zavislost. U obilnin se ukazalo, Ze v obdobi
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tirech tydna kol metani s maximy LAI a C vytvorily 50—709, z koneénych hodnot
nadzemni biomasy. Hnojeni prodluzovalo dobu trvani zelenych listii o nékolik dnu.
Vliv hnojeni se projevoval proporcionalnim zvy$enim biomasy list, stébel i klast.
Mezi LAD a kone¢nymi vynosy byl vétdinou primy vztah. Vysoké hodnoty C do ob-
dobi metani nevedly nikdy k vysokym vynostim obilnin. Vynosy novéjdich odrad byly
vetSinou tésnéji spjaty s vymosem su$iny nadzemni biomasy. Novéjsi odrudy se vy-
znactovaly nejen piiznivéjsi distribuci suSiny ve prospéch hospodaiského vynosu, ale
niély i vy88i vynos susiny nadzemni biomasy W. Maximalni vynosy cukrovky i bram-
bor byly dosaZeny v letech, kdy v prvé poloviné vegetace byl zjistém rychly vzestup
hodnot LAI, ktery umozZnil dosahovani vysokych hodnot v letnim obdobi.

rustova analyza: obilniny; okopaniny; ristové charakteristiky; produktivita

BPKOY ®. (MHCTUTYT TeHETHKHA H CeJeKIHH, HPIPIP Tpara-Pyseine). Bausuue arporexHuKH
M MECTHBIX YCIOBHif Ha NIMHAMHKY pocTa OPONYKTHBHOCTh TNABHBIX TONEBBIX KyJIBTYD.
Rostlinna vyroba (Praha) 21 (8) :817-823, 1975

Campliif CKOpEINf POCT CyXOro BellecTBa Ha3eMHOU GuoMacchl BeCHOH Ha Bcex 4 MecTax NpOMapacTa-
HUs OTMeYeH y O03. INEHWIH, a CaMblif MelJeHHHH — y Kapropens. MakcHMambHBIH CyTOUHBINH
NPHPOCT CyXOTO BelecTBAa Ha3eMHOM 6MOMAcChl KaK y Cax. CBeKJLl, TAK M Yy OCTaJBHBIX KYyJBTYp
U OGBEKTOB MMeJ MeCTO B PasHOe BpeMs M He mpessman B Gnarompuarusie muu 40—45 r. M~2
. menp~! Ha ynobpeHHmiXx NenfHKax, a Ha Heyno6peHnrix Ha 5—15 r.Mm~2. genn~! membpme.
[Mosrimennas nponykuus cyxoro semectBa 6uomaccsi W Ha ynOGpeHHBIX IenfHKax TNOJyueHa
CKOpee 3a CYeT IOBLINEHHS SHAYeHWH HHIeKca IJIONIaNy JUCTeB, a4 Ha HeyNOGpeHHHIX — 3a Cyer
NOBHINEHHLIX 3HAYeHUW YUCTOM MPONYKTHBHOCTH aCCHMHJIALHH. HO nepuona MaKCHMaJbHBIX 3Ha-
YeHWH BHINEYNOMAHYTHIX HMHIEKCAa ¥ IPOXYKTHBHOCTH KOPPENALUMS IIOJOXKHTENbHAsA, a To3aHee
— OoTpuuarteJbHasd. Yy 3€pHOBEIX B Te4YeHHE 3 Hemenb BHIKOJAIIMBAHUA MaKCUMaJpHble MX 3Ha-
YeHHs BMecTe C CyXMM Bell. HaseMHOi# Guomaccs coctasmam 50—70 % or uuanpHRIX 3HageHMI
rageMHOU GuoMaccel. Yno6peHne nNpOMNIAIO COCTOAHHE 3€JIeHBIX JIMCThEB HA HECKOJNBKO IHeil.
Biusnue yno6peHus npossuio ceff B NpOnOPIUOHANLHOM pOCTe GHOMacChl JAHMCThEB, crebiei m KO-
nockeB. Mexny WHIEKCOM NIIOMAanu JHCTHEB M QUHANLHEIME ypPOKAAMM CyNIeCTBYeT, KaK NPaBUJIO,
NpAMO MNPONOPITHOHAJNLHOE OTHONIEHWe. BEICOKMe 3HAYeHHs CyXOro Bem. GHOMAacCHl IO mepuona
BHIKOJAIIMBAHNA HUKOTIA He NPHBOAAT K BHICOKMM YpOXKasM SEPHOBHIX. YpoKau Gojee HOBHIX
COpPTOB OOBIYHO TeCHee CBA3aHBI C TPOAYKIMEH CyXOro Bell. Ha3eMHOH 6Guomaccel. DTH copTra He
TOJIBKO Jlydllle PACHpelelsioT CyxOe Bel. B IOJB8Y ypoXas, HO ¥ pnaioT 6OJjbme CyxXOro sem.
6ruoMaccsl. MakcuManpHble ypOKau Cax. CBEKJIB M Kaprodens cobGpaHBI B Te TONBI, KOTAa B Tep-
BOH IOJOBHHe Bereranuy OO6HapyXuBanyu GHICTPHIX POCT MHIEKCAa IUIOMAaN¥ JIHMCTA, IO3BOJIONIMIMA
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sympozjum nauk. wo Wroctawiu — 27.—28. 9. 1971 r. (Souhrny rus.,

angl.). Warszawa, PWN 1973. 640 s. obr. tab. Zeszyty problemowe poste-

péw nauk rolniczych zesz. 140. (Hnojeni — zavlaZovani — vztahy —
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Italie — Sardinie). .

Rivoira, G. — Bullitta, P. — Caredda, S. D 55.447/175
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CULTURAL PRACTICES AND PHYTOMASS PRODUCTION IN FIELD
CROPS AT SEVERAL LOCALITIES IN BOHEMIA

F. KRISTAN

KRISTAN F. (Institute of Genetics and Plant Breeding, Research Station of
Plant Production, Lukavec). Cultural Practices and Phytomass Production in
Field Crops at Several Localities in Bohemia. Rostlinnid vyroba (Praha) 21 (8) :
: 826-836, 1975.

In the period of 19631973 polyfactorial field experiments were carried out on
brown-grey podzolic soil (Ruzyné), on degraded chernozem (Céaslav) and on
brown soil (Lukavec). They were to reveal the influence of some cultural practi-
ces on the production process and on phytomass production in main field crops.
The increase in dry-matter production in individual crops was mostly affected
by fertilizing and favourable crop rotation. On soils with higher natural fertility,
appropriate crop rotation influenced the phytomass production relatively more
intensively than fertilizing did; fertilizing, however, proved to be a stronger
factor than intensive cultivar, density of plants etc. Fertilizing stabilized dry-
-matter production in the phytomass (W) in individual years. The highest in-
crease induced by fertilizing was observed in sugar beet (2.28; 2.68; 6.65 t.ha~!
at Ruzyné, Céslav, and Lukavec, respectively) while the lowest one in horse bean
(0.33 t.ha-1). Under worse natural conditions, dry-matter production in the phy-
tomass increased more considerably by the complex of cultural practices, namely
in more pretentious cereal species (in winter wheat + 140 %/, in summer barley
-+ 196 %,.) As compared with crop rotations, the average dry-matter production
of the phytomass in rotations with non-fertilized cereals only, was lower by 2.3—
—2.8 t.ha-1, In the case of appropriate crop rotation, fertilizing continued to
increase dry-matter production by 2.0—2.4 t.ha-1 per year. On more fertile soils
(at Ruzyné and Céslav), if optimal cultural practices were employed, even the
average dry matter production in the phytomass amounting to 10.0 t. ha-1 was
attained. On less fertile soil (at Lukavec) the differences due to cultural practices
were reduced from 1.62 t.ha-! fo 0.75 t. ha—!, The worse the natural conditions
for phytomass production in the field ecosystem, the higher should be the claims
not only for the optimization of the production factors controlled by the farmer,
but also for necessary material sources.

dry-matter production; crop rotation; fertilizing; wheat; summer barley; oats;
rye; sugar beet; potatoes; horse bean; silage maize

Crop yields as well as the total iphytomass production of crops
reflect and also integrate the effect of all factors which prove their
influence during the whole vegetation period of field crops. Many ex-
amples from literature and from agricultural practice exist which demon-
strate that the yields of phytomass or crop yields can be either equal,
or higher or lower, even if the constellation of environmental factors —
— as locality, influence of man, as well as various inner factors conditi-
oned by genetic characters of individual crops — are very divergent
(Cerny 1974).

Man effects a distinct influence on agricultural soils; therefore con-
siderably different all — world data on primary productivity of arable
land exist. For instance from data by Duvigneau (1968) high reser-
ves are apparent concerning production potential of individual crops as
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well as of whole soil — climatic areas. Differences between real and
possible crop yields are caused, among others, by the fact that factors of
production process which can be influenced by the farmer, are not suf-
ficiently optimized yet (Vrko¢ 1974).

In this paper the phytomass production in field crops has been
evaluated on the basis of long — lasting stationary field experiments
with regard to cultural practices employed at three localities with diver-
gent soil and climate conditions.

LOCALITY AND METHODS

In the period 1964—1974 extensive polyfactorial experiments were established
at three localities in Bohemia (Ruzyné — Ru, Céaslav — Ca, Lukavec — Lu) according
to a uniform scheme (Cerny 1972).

The characteristics of localities is given in Table I (Cerny 1975). In eight
years’ crop rotations four fundamental factors were investigated (preceding crop,
fertilizing, density of stand, and depth of sowing, each of them in two variants)
in eight crop species. At the locality Ruzyné the variant depth of ploughing was
substituted by examining intensive and standard cultivars. Investigated crops and
employed criteria for individual factors are given in Table I. Dry-matter (Wp) in
cereals, maize and horse bean was represented by the total overground phytomass
while in sugar beet by the weight of leaves, stems and roots: in potato by leaves,
stems and tubers. Dry matter (W) was represented by the weight of grain, roots, tu-
bers or overground phytomass (in silage maize).

THE INFLUENCE OF SOME CULTURAL PRACTICES ON INCREASING
PHYTOMASS PRODUCTION

Average data from long — term experiments make it possible to
compare differences between individual crops and localities as well as to
determine the influence of factors which are controlled by man, on in-
creasing the phytomass production unter divergent conditions. Increase in
dry-matter production of the phytomass was most strongly influenced
by fertilizing and appropriate inserting the crops into crop rotation
(Table 1I).

The complex of cultivating factors contributed most distinctly to
increasing phytomass production in cereals under less favourable soil
and climate conditions at Lukavec  (W: 101—183 %; W,: 103—-129 %).
In the total (more than double) increase in the phytomass production at
Lukavec intensive fertilizing (109—114 % in summer barley, 71-75 %
in oats) and also favourable preceding crop (92—102 % in summer wheat,
62 % in winter wheat) participated most intensively. As a rule, fertili-
zing proved higher effect on the total dry-matter production of the
phytomass while favourable preceding crop increased namely the agri-
culturally important proportion of the phytomass. A relatively lower
effect of cultural practices in winter rye at Lukavec was connected with
its less intensive reaction to fertilizing caused by susceptibility to lodging.

Cultural practices manifested a relatively poor influence on increa-
sing dry-matter production in the phytomass of horse bean (Ru: 19 %,
Lu: 18 %), the gensity of stand being a decisive factor for production
increase {(Ru: 10 %, Lu: 13 %).

In root and tuber crops, the increase in dry-matter production of the
phytomass was influenced namely by {fertilizing and at Ruzyné,
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I. Variants of cultural practices in individual crops. — Stupné agrotechnickych opatieni u jednotlivych plodin

; Winter wheat Winter rye Summer barley QOats Sugar beet Potatoes
Cultural practices (Kastické os.) (Ceské) (Valticky) (Cesky) (Dobrovick4) (Krasava)
Preceding crop p; Horse bean Horse bean Sugar beet, Potatoes Summer wheat - Summer wheat +
(for grain) potatoes white clover as white clover as
undercrop for undercrop for
green manuring green manuring
Ps Summer wheat Summer wheat Summer barley Oats Summer wheat Summer wheat
Fertilizing f, 40, 20, 83 kg 40, 20, 83 kg 30, 20, 59 kg 20, 20, 59 kg 90, 29, 97 kg 70, 23, 97 kg
NPK . ha?! NPK . ha-! NPK . ha! NPK . ha! NPK . ha! NPK . ha-!
after horse bean after horse bean after sugar beet, after potatoes + 30 t farmyard -+ 30 t farmyard
potatoes manure manure
60, 23, 83 kg 60, 23, 83 kg 60, 20, 75 kg 50, 20, 75 kg
NPK . ha! NPK . ha! NPK . ha! NPK . ha!
after summer after summer after summer after oats
wheat wheat barley
£y non-fertilized non fertilized non-fertilized non-fertilized non-fertilized non-fertilized
Sowing rate $; 5.1 mil. of germ. 4.2 mil. of germ. 4.5 mil. of germ. 4.5 mil. of germ. 45 x 20 cm 62.5 % 30 cm
(spacing) grains . hat grains . ha! grains . ha! grains . ha! (111 thousand of (53,400 plants .
plants . ha 1) . ha?)
S5 3.4 mil. of germ. 2.8 mil. of germ. 3.0 mil. of germ. 3.0 mil. of germ. 45 x 35cm 62.5 < 40 cm
grains . ha! grains . ha! grains . ha! grains . ha! (63,000 plants . (40,000 plants .
. ha') .ha)
Ploughing
(Caslav, pl 26—29 cm 25-30 cm 2629 cm 28—30 cm 28—30 cm 26 cm
Lukayec) ple 1315 cm 1416 cm 13—15 cm 14—16 cm 1416 cm 14 cm
Cultivar [N Heines VII — Diamant HAG Dobrovicka A Jizera
(Ruzyné) c Kastickd osin. . Valticky Cesky Huty Dobrovicks C Krasava




II. Increase in dry — matter production of the phytomass (in relative values). —
Zvyseni produkce su$iny biomasy v relativnich hodnotich

w W
the most the most
fficient fficient
Crop Loca-| increase attained efa'ftlgf increase attained efa'ftff
lity by the complex by the complex
of cultural practices : of cultural practices .
3 incre- LG incre-
(in %) factor | ase in (in %) factor | ase in
% %
Winter Ru 35.5 p 18.6 46.9 p 26.9
Whieat Ca 57.2 p | 375 57.3 p | 373
Lu 127.2 P 61.8 113.9 61.7
Summer Ru 140.9 P 113.6 93.1 P 62.6
wheat
Cé 73.6 47.1 48.5 f 439
Lu 183.7 p |1024 127.5 P 91.9
Summer Ru 64.8 c 290.6 43.1 234
barley Ca 42.4 f | 249 43.7 £ | 374
Lu 146.3 f 114.4 129.7 109.0
Oats Ru 25.9 P 15.6 37.2 P 12.0
Ca 19.2 p 13.3 31.8 f 19.3
Lu 101.8 f 71.2 103.0 f 74.8
Winter
rye Lu 53.2 p 31.0 64.1 p 25.4
Horse Ru 50.8 s 28.9 19.1 s 10.3
Bean Lu 21.4 p | 130 18.1 s | 133
Sugar Ru 39.8 c 13.0 51.5 f 19.6
beet Ca 20.9 £ | 140 27.8 £ | 189
Lu 67.3 f 31.6 94.9 f 50.3
Potatoes Ru 69.8 29.4
Ca 59.0 f 37.2
Lu 47.5 43.0
Silage
maize Ca 41.1 P 15.0
p — preceding crop,
f — fertilizing,
s — sowing rate,
¢ — cultivar
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also by a more productive cultivar. The complex of cultural practices
proved important for dry-matter production in sugar beet at Lukavec.
(W, 94 %, W 67 %) and in potato at Ruzyné (70 %). As compared
with cereals, in root and tuber crops only a half effect of optimum
cultural practices on increasing production was ascertained at Lukavec.
The fact that at all localities non-fertilized sugar beet produced higher
amounts of dry-matter in the phytomass as cereals under optimum cul-
tural practices, may be considered an important finding.

THE EFFECT OF FERTILIZING ON INCREASING DRY-MATTER PRODUCTION
AND ITS INTERACTION WITH THE PRECEDING CROP

Fertilizing resulted in considerably increased dry-matter production
of most crops, namely after unfavourable preceding crops (Table III).
Intensive fertilizing could not eliminate, however, a reduction in dry-
-matter production caused by unfavourable crop rotation.

In all crops, fertilizing proved a higher increase in dry-matter pro-
duction in the phytomass under worse soil and climate conditions (at
Lukavec). Comparison of the influence of fertilizing on dry-matter pro-
duction in summer barley and winter wheat showed summer barley to be
more strongly affected at Ruzyné while winter wheat at Céslav.

Higher average gains in dry-matter production per 1 kg of N from
fertilizers (+ PK) were found in cereals after favourable preceding crops
and in root and tuber crops. As compared with Ruzyné and Caslav
localities, the gain in dry-matter yield per 1 kg of N was higher
almost in all crops at the locality Lukavec. The highest values were
attained in oats (84.6 kg W,) and summer barley (67.8 kg W,) at Luka-
vec; in winter wheat (50.7 kg W,) and oats (41.6 kg W,,) at Eéslav; and
in summer barley (56.7 kg W,) at Ruzyné.

VARIABILITY IN THE PHYTOMASS PRODUCTION AND IN MORPHOLOGICAL
CHARACTERS OF CEREALS

As a rule, fertilizing reduced fluctuations in dry-matter production
in individual years as well as yield components of all crops. The lowest
fluctuation of phytomass -~ production values and yield components,
as influenced by the year, was observed in non-tertilized summer
barley at Ruzyné& and in winter wheat at Caslav. What concerns dry-mat-
ter production of the grain at Lukavec, fluctuations between years were
greater in winter cereals than in summer cereals. The highest number of
ears per m? was always found at Ruzyné while the lowest one at Luka-
vec the variabilitg of years being higher there. At Ruzyné, fertilizing
reduced the variability of years namely in the character number of ears
per m? this fact was mostly expressed in winter wheat.

Fertilizing did not affect the number of grains per head in cereals
but it increased considerably the number of grains per panicle in oats.

At all localities, fertilizing resulted in a reduced variability of thou-
sand kernel weight in oats but, on the contrary, the variability of this
yield component in winte as increased. As compared with the
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III. The average increase in dry — matter yield of phytomass as influenced by fertilizing. — Prumérné zvyseni vynosu susiny bio-
masy vlivem hnojeni

After unfavourable forecrops After favourable forecrops
Loca- w Wp ; W W
Crop lity G
tohat| o | Mo omat| o | M-I per o9 | REKE g | o | B8 Ke

Winter Ru 0.43 10.4 7.2 1.36 17.1 22.7 0.15 2.9 3.7 0.75 7.1 18.7
wheat Ca 1.02 36.8 16.9 2.48 35.3 41.2 0.76 21.5 19.0 2.03 22.8 50.7

Lu 0.54 36.7 6.7 2.18 53.2 27.2 0.76 31.5 12.7 2.46 40.2 41.0
Summer | Ru 0.56 18.0 9.3 1.68 275 28.0 0.79 20.5 26.3 1.70 23.8 56.7
barley Ca 0.27 10.0 4.5 0.36 6.7 6.1 0.08 24 27 0.01 0.1 0.2

Lu 1.36 91.5 19.4 2.97 89.3 42.4 1.25 57.6 27.8 3.05 71.5 67.8
Summer| Ru | 0.58 24.4 9.7 0.94 24.4 15.7 0.22 51 | 37 0.56 78 | 9.3
wheat Ca 0.75 33.7 12.5 0.55 7.7 9.1 1.02 357 17.0 1.45 16.2 24.2

Lu 1.41 98.2 30.4 2.92 74.1 60.1 0.99 37.8 16.1 2.47 39.6 40.1
Oats Ru | 0.21 8.0 4.6 0.87 10.8 17.4 0.27 8.9 135 | 113 | 126 56.5

C4 0.39 14.7 7.8 1.22 17.7 244 0.37 10.1 184 0.83 10.1 41.6

Lu 1.45 74.6 17.6 441 71.2 54.6 1.52 74.6 25.4 5.07 T1:2 84.6
Winter
rye Lu 0.40 19.9 6.6 2.09 33.9 34.8 0.42 16.3 8.4 1.93 25.1 38.6
Sugar Ru 1.23 13.2 14.8 2.86 21.7 31.8 0.81 T3 9.0 2.0 13.5 222
beet Ca 1.40 15.8 15.6 2.69 23.8 29.8 1.10 11.4 12.2 2.08 15.5 23.1

Lu 3.89 63.7 32.4 6.64 83.3 55.4 2.33 31.5 18.8 4.58 43.9 37.5
Potatoes | Ru 0.58 114 6.4 0.53 8.9 6.8 1.14 20.4 16.3 1.35 20.3 19.3

Ca 0.81 20.2 9.0 0.95 22,7 10.6 0.41 13.0 5.8 0.48 7.0 6.9

Lu 1.82 34.9 20.3 2.14 349 23.8 1.51 25.7 16.7 1.78 25.8 19.6
Horse Ru | —0.11 —5.4 —4.5 0.29 6.5 16.5 0.01 0.4 0.5 0.10 1.2 5.0
bean Lu 0.11 5.6 3.5 0.33 5.9 11.1 0.01 0.6 0.4 0.11 1.6 4.2
Silage
maize Ca 0.97 15.8 10.8 0.97 15.8 10.8 0.79 112.2 9.9 0.79 112.2 9.9




locality at Lukavec, cereals at locality Céslav (the area of sugar beet gro-
wing) produced by 12—-13 cm longer stems carrying greater numbers of
grains per ear (by 4—09).

DRY-MATTER PRODUCTION OF THE PHYTOMASS IN INDIVIDUAL CROPS AS
GROWN UNDER OPTIMUM CULTURAL PRACTICES AT VARIOUS LOCALITIES

From comparing the maximum dry-matter production of the phyto-
mass which had been obtained by using a complex of optimum cultural
practices at three localities, it is apparent (see graphs 1 and 3) that sugar
beet produced the throughout highest dry-matter amounts (Ru: 18.1,
Cé4: 15.7, Lu: 15.5 tha~'). Concerning dry-matter production in the total
overground phytomass, winter wheat at Ruzyné (11.5 t.ha-!) and Ca-
slav (11.0 t.ha-') as well as oats at Lukavec (12.3 t.ha-!) were on
the second place. The second highest amounts of dry-matter in the
main product (W) were produced by potatoes at Ruzyné and Lukavec
(Ru: 7.8, Lu: 7.6 tha') and by silage maize at Caslav (9.3 t.ha=?).
Dry-matter production in summer wheat was also remarkable providing
the highest production of the agriculturally important proportion of dry-
-matter (4.05 t.ha-') at Lukavec; also at Caslav summer wheat was more
productive (3.87 tha=!) than summer barley was (3.77 tha=?).

THE AVERAGE DRY-MATTER PRODUCTION OF THE PHYTOMASS IN VARIOUS
CROP ROTATIONS

In six years lasting crop rotations, dry-matter production in the phy-
tomass (W,) (Table IV) fluctuated on non-fertilized plots from 6.17 up
to 8.99 at Ruzyné and from 6.49 up to 8.73 t.ha~! at Caslav. Higher
rates of fertilizing employed increased dry-matter production up to 7.28 —
—10.88 at Ruzyné and up to 7.86—9.87 tha~'at Caslav. On soils with
lower natural fertility at Lukavec, the basic dry-matter production in crop
rotations was lower (4.84—7.14 tha~!); intensive fertilizing, however, ma-
de it possible to reduce considerably the variations of localities, namely
from 1.65 t.ha=! up to 0.67 tha-!. A similar tendency concerning dry-
-matter production of the agriculturally important proportion was appa-
rent.

Further the values of average dry-matter production of the phytomass
in various crop rotations show that appropriate crop rotation affects
the phytomass production (inclusive of the proportion of the main pro-
duct) more intensively than fertilizing does. Only dry-matter production
at Lukavec was exceptional, fertilizing inducing there a stronger effect
than crop rotation. Relative comparison demonstrated that fertilizin
increased phytomass production in rotations of cereals by 17.3 %, 21 %
and 58 % at Ruzyné&, Cislav, and Lukavec, respectively.

Even if cereals were cultivated six years without any crop rotation,
intensive fertilizing did not bring their phytomass production up to the
level of those grown under rotation of cereals, and other crops; the
average differences amounted to 2.13 t.ha=!, 1.72 tha=!, and 1.01 tha-!
at Ruzyng, Caslav and Lukavec, respectively.
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1V. The average dry — matter production of the phytomass in various crop rotations
at three localities (years 1964—1970). — Primeérna produkce suSiny biomasy na trech
stanovistich v raznych osevnich postupech (r. 1964 —1970)

Wp (t . ha 1) W (t . ha™)
i Loca- —
Crop rotation 7 ¢ s

lity nO?i-zt:;n- fertilized noﬁ;f;im_ fertilized

Cereals only Ru 6.18 728 | 273 321 °
(100 %) (117.9) (100 %) (117.5)
Ca 6.49 7.86 2.57 3.12
(100) (121.1) (100) (121.4)
Lu 4.84 7.66 1.70 2.70
(100) (158.3) (100) (158.8)
50 9% cereals Ru 8.99 10.88 5.29 6.12
16.6 % root and tuber crops (100) (121.0) (100) (115.8)
33.3 9, leguminous crops Ca 7.84 9.37 427 5.34
(100) (119.5) (100) (125.1)
Lu 5.72 8.10 2.97 4.14
(100) (141.6) (100) (139.4)
50 9%, cereals Ru 7.56 8.28 4.17 4.53
16.6 9%, leguminous crops (100) (109.5) (100) (108.8)
33.3 9, root and tuber crops | Ca 8.08 9.51 5.14 5.95
(100) 117.7) (100) (115.8)
Lu 6.67 8.67 3.64 4.75
(100) (130.0) (100) | (130.5)
50 9% cereals Ru 7.99 9.06 4.93 5.31
16.6 % leguminous crops (100) (113.3) (100) (107.6)
33.3 9%, root and tuber Ca 8.73 9.87 5.59 6.16
crops -+ green (100) (113.1) (100) (110.2)
IRnEOE Lu 7.14 9.20 3.70 4.79
(100) (128.9) (100) (129.5)

DISCUSSION

It was stated that, as compared with Caslav, cultural practices at
Lukavec proved a positive effect so that the negative influence of less
favourable soil and climate conditions could be reduced in this way.

The relative gain in dry-matter production obtained as a result of
optimum cultural practices employed was considerably highly pro-
nounced on the soils with lower natural fertility, especially in more preten-
tious crop species (in winter wheat at Lukavec 113.9 %, while at Ru-
zyné 46.9 % and Caslav 57.3 %; in summer barley at Lukavec 129.7 %
while at Ruzyné 43.1 % and at Caslav 43.7 %; in summer wheat at Luka-
vec 127.5 % while at Ruzyné& 93.1 % and at Céaslav 48.5 %).

Differences in phytomass production at various localities were redu-
ced namely by fertilizing (by 9—15 %); the production of total over-
ground dry-matter was increased by it by 19—21 % on chernozem at
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Caslav while by 28—58 % on brown forest soil at Lukavec. As it was
demonstrated in numerous papers (Cerny 1972), the reaction of crops
to fertilizing as well as to other cultural practices, as measured by the
phytomass yield, was different according to crop and cultivar.

At both localities sugar beet proved most productive crop species;
this is in consent with findings obtained in the area of southern Moravia
(Hrudka 1973) and on brown — grey podzolic soils at Ruzyn& (Vrko¢
1973). It is remarkable that, even on brown forest soil in the area of potato
growing (600 m above the sea level), this crop was the most productive
and, as compared with potatoes, it produced almost double yield (K¥i5-
tan, 1973). In the experiments by Hruska (1973) sugar beet rea-
ched on an average 23.1 tha-! W while at Ruzyné, Céaslav nad Lukavec
only 18.10 tha=' (Vrko¢ 1973), 15.7 tha~! and 15.54 tha! W,
respectively. Among examined crop species, the very high dry-matter pro-
duction (W,) was manifested in winter wheat at %éslav (11.02 tha-?),
and Ruzyné (11.48 tha-!) (Vrko¢ 1973), and also in southern Mora-

t/ha
8- Production: a - nature
b - highest t/ba
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1. Biomass dry matter production on gray- 2. Biomass dry matter produétion on cher-
-brown podzolic soil in sugar-beet pro- nozem soil in sugar-beet production type

duction (Ruzyné). — Produkece sudiny (Céaslav). — Produkce su$iny biomasy na
biomasy na hnédozemi v fepaiském vy- c¢ernozemi v fepaifském vyrobnim typu
robnim typu (Ruzyné) (Caslav)
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via (11.08 tha"') (Hruska 1973). At Lukavec oat was the most
productive crop (12.29 t.ha~') while winter wheat that produced 8.74 t.ha~!
was on the sixth place. The latter
t/ha one, even if fertilized, did not reach
6 S sl there the yield of non-fertilized
M byt plots at Caslav. ]
We confirmed the formerly
% D Wo-W revealed compensating effect of
. favourable complex of cultural prac-
2l M N tices (mainly the influence of in-
tensive fertilizing) on reducing the
tluctuations in dry-matter produc-
tion between individual years
(KFigtan 1965). Eliminating the
unfavourable effect of climatic con-
ditions (namely temperature and
M sunshine) by cultural practices is,
2 however, much more difficult than
climinating the unfavourable in-
fluence of soil conditions.
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3. Biomass dry matter production on
brown forest soil in potato production ty-
pe (Lukavec). — Produkce su$iny bioma-
sy na hnédé pudé v bramboraiském vy-
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KRISTAN F. (Ustav gemetiky a §lechténi, VURV, Vyzkumna stanice rostlinné vyroby,
Lukavec). Zvyseni produkce biomasy hlavnich polnich plodin ng nékolika lokalitdch
v Cechdch. Rostlinnd vyroba (Praha) 21 (8) : 826-836, 1975.

V letech 1963—1973 byl v polyfaktoridlnich polnich pokusech konanych na hnédo-
zemni ptdé (Ruzyné), degradované &ernozemi (Caslav) repaiského vyrobniho typu
a na hnédé pudé (Lukavec) bramboraiského vyrobniho typu sledovan vliv né&kterych
agrotechnickych opatreni na produkéni proces a tvorbu biomasy hlavnich polnich
plodin. Vzestup produkce biomasy u jednotlivych plodin byl mejvice ovlivnén hnoje-
nim a vhodnym stridanim plodin v osevnim postupu. Na turodné&j$i pidé vhodné stii-
dani plodin ovlivnilo produkeci biomasy relativné vice neZ hnojeni, které se ukéazalo
jako faktor plsobici vyraznéji mez byl vliv vykonné&j$i odriidy nebo hustoty porostu
apod. Hnojeni stabilizovalo produkei su$iny biomasy (W) v roénicich a zvysilo ji
nejvice u cukrovky (Ruzyné: 22.8; Caslav: 26,8; Lukavec: 66,5 q.ha-1) a nejméné&
u bobu obecného (1,6 — 3,3 q.ha—-1). Cely soubor agrotechnickych opatfeni zvy$oval
produkei suSiny biomasy vyraznéji v horSich pfrirodnich podmink&ch, zejména u na-
ro¢néjdich druhu obilnin (oz. p3enice + 1409, jar. jeémen + 1969,). Pramérni
produkce suSiny biomasy v obilnich sledech bez hnojeni byla niZz8i oproti osevnim
sledim se stfiddnim plodin o 23—28 q.ha~-1. Hnojeni v8ak pfi vhodném stiidani plo-
din produkeci su$iny biomasy dale roéné zvysilo o 20—24 q.ha-1. Na trodné&jsich
pudéch (Ruzyné, Céslav) pii optimalni agrotechnice bylo dosaZeno priimérné produk-
ce cca 100 q.ha-! suSiny biomasy. Na méné urodné pudé (Lukavec) byl rozdil
(16,2 q.ha-1) uplatnénim agrotechnickych opatifeni sniZen aZ na 7,5 q.ha~! sudiny
biomasy. Ukazalo se, Ze ¢im horsi jsou podminky pro tvorbu produkce biomasy v pol-
nim ekosystému, tim vy38i jsou ndroky na optimalizaci faktort produkéniho procesu
rizeného ¢lovékem i na k tomu potiebné materidlni zdroje.

produkce su$iny; stfidani plodin; hnojeni; pSenice; ozimy je¢men; oves; Zito; cukrov-
ka; bob obecny; kukuiice na silaz

KPXUIITAH ®. (Hucruryr renermkm u ceneknmu, HUHWUP, HU cramoma pacrenmesoncTsa,
Jlykasen;). YBenuuenwe NPORYKNHM GHOMACCH IAABHBIX NOJXEBHIX KyJNBTYP HA HECKONBKHX MeECTax
Yexun. Rostlinnd vyroba (Praha) 21 (8) : 826-836, 1975.

B 1963—73 rr. B xome nonudaKTOPHHIX HOJNEBHX ONHTOB Ha G6ypOseMHO# nouBe (Pyause)
nerpanupoBaHHOM depHoseme (UYacnaB) CBeKJIOBONYECKOTO NPOM3BOACTBEHHOTO THNA ¥ Ha Oypoit
noyse (Jlykasen) KapTOPenbHOr0O NPOMSBONCTBEHHOIO THMNA HSYYA U BIAHAHHE HEKOTOPHIX Aarpo-
TeXHUYeCKHX MEPONPHATHH Ha mpouecc o6pasOBaHUs TNPOAYKUMH ¥ 6HOMAcCH TJIABHBIX IIOJEBBIX
K¥yapTyp. PocT mpOmyRumE 6HOMacchl OTAENBHBIX KyJBTYp B Hambosbpmeit Mepe 06yclOBIHBAaeTcs
yno6peHreM M NpPaBUJLHLIM YepeNOBaHHEM KyJbTyp B cesoofopore. Ha ypokaiiHo#t mnouse mpa-
BHJIBHOE uepelOBaHHe KyJbTYyp OOyCHIOBMJIO TpOAyKuHio 6GuoMacchl Gonbimte, ueMm ynobpeHwme, KO-
TOpOe, B CBOK OdepeNb, BJHsET CHJbHEe, YeM YPOXKaWHBIA COPT MJAM TyCTOTa MOCEBA M Ip.
Ynobpenne cra6unusupyer NPONYKIHIO CyXOro BellecTBa B GMOMacce W yBeawdmBaeT ee Goabme
Bcero y cax. ceexnnt (Pysmme: 22,8; UYacnas: 26,8; Jlykasem: 66,6 m.ra—1), a meHsme
Becero y 6o06a komckoro (1,6—3,3 nm.ra—1). Becs 9TOT KOMIIEKC arpOTEXHMYECKHX Mep
yBenuuuBaeT NPONYKIMIO CyxOro BemecTBa B OHMoOMacce OcOGeHHO 3aMeTHO B HeGiarompusr-
HHIX TPUPONHHIX YCIOBHAX M y TpeGOBaTeNBHHIX BHIOB 3epHOBHX (03. mmemuna + 140 %,
sp. sumens + 196%). Cpemuss nponyknms O6HOMaccEr B 3€pHOBHIX CeBooGOporax Ges
ynobpeHds mO CpaBHEHHIO C depeNylOmMHUMACE ceBoofoporamMm Memsme Ha 23—28 n.ra—1,
TOrja KaKk B YCJNOBHAX YHOOpEHHS M MpPABHABLHOTO UEPeNOBaHUA KyJALTYD OHa Goasme
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Ha 2024 1u.ra-l. Ha nnomopomsix nousax (Pysmiun, Yacnas) npu ONTHMAanbHOH arporex-
HUKe CpelHas MpOLyKnua cocraeager oxono 100 m.ra~1 cyxoro memectsa 6uomaccer. Ha memee
rinonoponusix nousax (Jlykasen) pasauna (16,2 m.ra—1) 6naromaps arporexamke 6piia COKpa-
mena no 7,5 m.ra—l cyxoro Bemecrsa 6uomacch. Kak ycraHOBieHO, ueM XyKe NpHUpPOIHbIE
ycaoBuA s ofpasoBaHus GHOMAcCH B IOJEBOH SKOCHCTEMe, TeM Hy)XHee ONTUManusanus $akro-
pOB mponecca 06pa3oBaHMA MPOAYKIMH IOX PYKOBOACTBOM 4elNOBeKAa M MaTepHasbHEE PecypChl.

NPONYKIHA CyXOTO BEIJecTBa; depefOBaHHMe KyJbTyp; yHOOpeHHWe; MIIeHHI]a; 03. AUMEHb; OBEC;
cax. cBeksa; 606 KOHCKHMH; KyKypysa Ha CHJOC

Adresa autora:

Ing. FrantiSek Krisfan, CSC., Ustav genetiky a $lechténi, VURV, Vyzkumna sta-
nice rostlinné vyroby, Lukavee : :
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DEPENDENCE OF THE PRODUCTION PROCESS ON CHANGES
OF CLIMATIC FACTORS

J. REPKA, A. KOSTREJ

REPKA J.,, KOSTREJ A. (University of Agriculture, Nitra). Dependence of the
Production Process on Changes of Climatic Factors. Rostlinnd vyroba (Praha) 21
(8) :837-844, 1975.

By method of the sequential sowing experiments production characteristics of
spring barley, maize, sugar beet, sunflower and horse bean were tested in the
conditions of Southern Slovakia. Mean and maximum values of net assimilation
rate, relative growth rate, crop growth rate and their dependence on incident glo-
bal radiation and mean daily temperature were determined. By regression ana-
lysis and equations we characterize the course of production indices during the
vegetation. The results obtained give information on production possibilities in
the given ecological region under the conditions of sufficient water supply and
mineral nutrients.

growth analysis; crops; temperature; radiation; net assimilation rate; relative
growth rate; crop growth rate; leaf area rate; barley; maize; sugar beet: sun-
flower; horse bean

In the conditions of intensive mineral nutrition and sufficient water
supply of plants, an increase of crop production is easily affected by
ecological and biological factors. In conditions like this the production
efficiency of every species and variety is considerably dependent on cli-
matic factors (especially temperature, incident global radiation) in the
given ecological region.

In literature the causal dependence of the production efficiency of
crops on temperature and incident global radiation is sufficiently docu-
mented (Blackman 1961, Watson 1963, Niiporovic 1970,
Budyko, Gandin 1972). The quantitative values of production
indices are variable not only during the vegetation season, but also bet-
ween individual ecological regions in dependence on the total input of
these factors and their distribution during the vegetation season (Waren,
Wilson 1966, Hogson 1967, Burian 1969, Murata 1969,
Murata 1972, and others).

In this sense every ecological region and every species or variety
form a specific ecological and %iological unit, requiring individual analy-
sis, especially for understanding the potential production efficiency of
crops.

MATERIAL AND METHODS

In 1965—1971 at the initiative of the International Biological Programme we
made an analysis of growth and production processes of agricultural crops as de-
pendent on variability of climatic factors. In our study we used the method of the
sequential sowing experiments. The principle of the method required a series of
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experiments during the whole vegetation. In each of the experiments plants of the
same stage of development were submitted to test for 7—10 days. The effect of cli-
matic factors was being studied in the given period of vegetation on the growth of
leaf area and total dry matter weight. On the basis of the changes of leaf area and
total dry matter weight increments the following growth characteristics were cal-
culated: net assimilation rate (NAR) in g.m~=2.day~!, relative growth rate (RGR)
in g.g~1.day-!crop growth rate (CGR) g.m~-2.day-!, leaf area index (LAI), leaf
area ratio (LAR) dm?. g-! and specific leaf area (SLA) dm?2.g-1.

Of climatic factors the daily amounts of incident global radiation (by Bellani —
type pyranometer) and mean daily temperature were measured. Meteorological data
were obtained from the Meteorological Station of the University of Agriculture at
Nitra, situated 1000 m from the experimental site.

The region studied is situated 160 m above sea level (48°18" geographical longi-
tude, 18°05’ geographical latitute) with mean annual daily temperature 9 °C, mean
annual yearly rainfall about 600 mm. The growing season (1. Apr. — 30. Sep.) is
characterized with mean daily temperature 16 °C and rainfall 337 mm and total sun-
shine duration of 1,600 hrs.

The experiments included spring barley (1965—1966), maize (1965—1966), sugar
beet (1969—1970), sunflower (1965—1970), horse bean (1970). For each crop 10—14 tests
were conducted during the vegetation period from May to October.

RESULTS AND EVALUATION

Plants submitted to tests were first grown to the phase of four true
leaves in barley, 3 pairs of true leaves in maize, sugar beet, sunflower
and horse bean.

The changeability of climatic factors in natural conditions caused
that plants included in the experiment were not uniform in growth.

Under favourable temperature conditions the plants with the same
stage of development had sometimes greater weight or leaf area. This
%rowth heterogeneity existed also between the experimental years. For
illustration of this phenomenon the mean weight and leaf area of plants
exposed to the experiments are in Tab. I for sunflower. This fact holds
true in general for each of the plants studied.

1. Average (x — arithmetic mean) of the initial total dry weight (W1, g) and leaf area
(A1, em?) per box (x = 4 plants); and ther significance intervals (x * 2sx) for the
experiments conducted in individual years from 1966 to 1970 for sunflower. — Prie-
mery (x — aritmeticky priemer vychodiskovej vahy susiny (Wi, g) a listovej plochy
(A1, cm?) v nadobe (x = 4 rastliny); intervaly preukaznosti (x = 2sx) pre pokusy kona-
né v jednotlivych rokoch od roku 1966—1970 so slne¢nicou

Wi g Ay, cm?
Year
x x + 255 x x + 25z

1966 3.29 3.77—2.82 236.57 274.47—198.67
1967 421 5.76 —2.66 438.59 569.50 —360.50
1968 2.96 3.68—2.22 549.78 800.26 —299.30
1969 2.53 4.25-0.80 352.00 379.54—324.46
1970 2.59 3.84—1.34 266.79 476.04—157.45
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In contradiction to the suppositions of the authors of this method
(Blackmann, Wilson 1951) it is necessary to take into account
that under such changeable climatic conditions it is very hard in natural
conditions to gain for experiment morphologically and physiologically
equivalent plants in all experiments performed ~during one growing
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1. Average values of the net assimilation
rate (NAR, g.m-2.d-1), crop growth
rate (CGR, g.m~-2,d-1) for the experi-
ments with Sunflower (——), Spring
barley (——), Maize (— — — —), Sugar
beet (—.—-.—.-—) and Horse bean
TP ). — Priememé hodnoty ¢istého
vykonu fotosyntézy (NAR, g.m-2.d-1),
rychlosf prirastku su$iny na plochu
(CGR, g. m~2.d-1) v pokusoch so slne¢-
nicou ( ), jaémetiom jarnym (——)
kukuricou (— — — —), cukrovkou (—.
.—.—) a bébom obecnym (...... )

»
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2. Average values of the relative growth
rate (RGR, g.g-!.d-1), leaf area rate
(LAR, dm2.g-1), for the experiments

with Sunflower (——), Spring barley
(——), Maize (— — — —), Sugar beet
(—.—.—.—) and Horse bean (....... )

— Priemerné hodnoty Specifickej rych-
losti rastu (RGR, g.g-1.d-!), pomerna
olistenost (LAR, dm?.g-1), v pokusoch

so slneénicou (———), jaémefiom jarnym
( ), kukuricou (— — — —), cukrov-
kou (—=.—.—.-) a bdébom obecnym
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season. Herein lies one of the difficulties of the generally suitable method
for following the effect of climatic factors on growth and production
processes.

We have solved this problem by introducing into the regression
equations, describing the effects of radiation supply and temperature on
growth characteristics, the initial leaf area ratio (LAR:). The experiments
with individual crops were performed in the course of several years. Expla-
nation of all the results would be very extensive. For this reason we have
calculated mean values of growth characteristics for each crop of the
vegetation period (Fig. 1, 2).

Graphs of growth characteristics confirm dynamic changes during
the vegetation which can be attributed to changes of meteorological fact-
ors. In short-term periods conditions can be created by which the growth
and production efficiency of crops can be greatly increased or decreased
respectively. It is at the same time confirmed that periods of maximum
values are not found for every crop in the same interval of the vegetation
period. For easier orientation average and maximum values of the main
growth characteristics are presented in Tab. II.

II. Average (ave) and maximum values (max) of the net assimilation rate (NAR,
g.m-2_d-1), relative growth rate of total dry weight (RGR, g.g-1.d-1), crop growth
rate (CGR, g.m-2,d-1), leaf area ratio (LAR dm?.g-1), specific leaf area (SLA,
dm?.g-1) and leaf area index (LAI, dm2.dm-2) found in the experiments with
spring barley, maize, sugar beet, sunflower and horse bean. — Priemerné (ave)
a maximélne hodnoty (max) ¢&istého vykonu fotosyntézy (NAR, g.m-2.d-1), ¥pe-
cifick4 rychlost prirastku sudiny na plochu (CGR, g.m-2.d-1), pomerna olistenost
(LAR, dm?.g-1), $pecificka listovd plocha (SLA, dm?.g-!), index listovej pokryv-
nosti (LAI, dm?.dm~2), zistené v pokusoch s ja¢metiom jarnym, kukuricou, cukrov-
kou, slne¢nicou a bobem obecnym

Crop NAR RGR CGR LAR SLA LAI
Spring ave 9.34 0.094 8.22 1.03 2.00 0.88
barley max 12.13 0.127 14.06 1.09 237 1.44
Maize ave 7.20 0.102 14.18 1.27 2.55 1.66

max 9.11 0.135 24.01 1.54 3.80 2.35
Sugar ave 10.08 0.165 7.44 1.75 2.33 0.80
beet max 13.73 0.201 14.00 2.28 3.34 1.55
Sunflower ave 10.90 0.116 9.76 1.26 2.67 0.82
" max 13.85 0.152 - | 114.06, 1.63 3.74 1.09
Horse ave 15.71 0.128 16.75 0.75 2:37 1.13
bean max 20.35 0.156 22.11 0.97 2.56 1.61 ‘

From May 16th to Sep. 2nd, the spring barley reached the average
value of NAR 9.34 gm~%.d"~!, the maximum values of 11.7—12.1 gm~%d"?
being in the period from May 26th to June 14th. The maximum values
of CGR 13.8—14.6 g.m~%d~! were in the period from May 14th to July
5th. The maximum values of RGR were found in this period, too. The

‘
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curve of growth characteristics does not follow the curves of temperature
and incident global radjation. It is also reflected in the correlation coef-
ficients which for NAR and radiation had the values of 0.15 and for tem-
perature 0.61, and 0.5 and 0.41 for RGR respectively.

LAR values are also influenced by changes of climatic factors. Its
dependence on incident total radiation and mean daily temperature was
expressed by the following regression equation:

LAR = 0.5881 — 0.0072 T + 0.c025 R + 0.3148 LAR: dm?.g"'

For thermophilic plants, such as maize, experiments in the period
of lower temperatures (beginning and end of vegetation period) give very
low growth and production values. Maximum values of NAR (10.79;
1965), CGR (24.18; 1965), RGR (0.144; 1965) were obtained in July. Typi-
cal of maize is a very high correlation of NAR, RGR with incident global
radiation (r = 0.92) and a lower one with temperature (0.69).

The regression equation for LAR in maize has assumed this form:
LAR2 = 0.3483 — 0.00045 T2 + 0.0013 R + 0.5032 LAR; dm?.g!

Production values of sunflower are the average of 5 experimental
years. The highest maximum value of NAR (16.5) and CGR (30.80) was
found in 1967. In all years the maximum values of growth characteristics
were in July and at the beginning of August. The coefficients of correla-
tion had the following values: 0.56 for temperature, and 0.52 for radiation
and NAR, and 0.55 and 0.39 for RGR respectively.

The values of LAR ranged from 0.97 to 1.56 dm”g~' with higher
values in the second half of the vegetation period. The dependence of
LAR on temperature and radiation is expressed by the equation: LAR; =
= 1.138 + 00114 T — 0.0764 R + 0.2685 LAR1 dm?g~!

In comparison with the rest of the crops, sugar beet shows high
values of NAR, RGR and LAR and low values of CGR. This fact may be
caused by relatively low values of LAI. Correlation coefficients for NAR
and temperature were 0.50 and for radiation 0.67. The dependence of
RGR on these factors was not significant (r = 0.10, 0.14).

Higher values are typical of LAR at the beginning and at the end
of the vegetation season i.e. at lower temperatures. A great effect of
temperature on the changes of LAR is confirmed also by the high negative
coefficient in the regression equation in contrast to the other crops:

LAR; = 2.7596 — 0.0394 T — 0.0392 R + 1.698 LAR; dm’.g™’

Horse bean was included into the experiment in 1970. With the
average value of LAI 1.13 = 0.4 high growth characteristics were obtained
in comparison with the other crops (See Tab. II). The correlation coef-
ficients confirm a high dependence of NAR (r = 0.78) and RGR (r =
= 0.51) on temperature and a lower one on radiation (r = 0.29).

On the basis of data of the individual experimental years for a more
general characterization of the course of NAR, RGR and CGR we made
the regression analysis of their dependence on mean daily temperature
and incident total radiation and LAR; of the plants used in the expe-
riments. Also the values of NAR and LAI were included in the regression
equation -for CGR.
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Comparison of experimental values with those fitted from regression
are given in Fig. 3 and 4. Average values calculated on the basis of regres-
sion equations are close to experimental ones with the exception of RGR
and CGR of sugar beet. Greater differencies are in maximum values,
which must be taken into account in the interpretation of maximum
values of growth characteristics.
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parison of experimental values ( ), with those fitted from regression equations
(— — — —). — Sezénny priebeh Specifickej rychlosti rastu celkovej vahy suSiny
(RGR.g.g-1.d-1, ¢isty vykon fotosyntézy (NAR, g.m~—2.d-1), rychlost prirastku
suSiny na plochu (CGR, g.m~-2.d~1), porovnanie nameranych hodnét ( ), s od-
vodenymi, pomocou regresnych rovnic (— — — —)




DISCUSSION

Analysis of the production process of crops confirms specificity of
reactions of individual crops to climatic factors in the given area. The
applied method reflects the effect of climatic factors on the growth and
productivity of plants. It lays high demands on the preparation of plants
tor an experiment and obtaining plants with the same values of LAIL
This was also pointed out by Hodgson (1967) who included LAR in
the regression analysis.

From the point of view of the specificity of reaction of crops to cli-
matic factors the fact deserves attention that maximum values of growth
characteristics are not obtained in the period of maximum radiation and
temperature. For instance, for barley the maximum values of NAR, RGR
and CGR are to the beginning of July i. e. in the period, in which the
natural vegetation rhythm is phylogenetically established. In the second
part of vegetation period lower values were found at a higher input of
radiation and temperature. Comparison of the rest of crops shows
that maximum values of growth characteristics are coincidental with the
period, when in the natural ontogenesis there is maximum accumulation
of the biomass. For sugar beet in comparison with barley it is therefore
possible to find high values also till the beginning of September. Dishar-
mony between the distribution of maximum values of growth characte-
ristics and the maximum values of radiation and temperature is reflected
also in lower values of correlation coefficients, in our case especially
for global radiation. The lower values of correlation coefficients may be
due to the fact that global radiation does not express the effect of light
on photosynthesis and it would be necessary to measure the photosyn-
thetic active radiation. At the same time it is necessary to mention that
in this type of experiments no competition for light occurs and conse-
quently the effect of radiation becomes more manifest in crops requiring
more light, such as maize. The correlation coefficients for temperature
are in conformity with other authors (Binovad, Ondok 1970, Mu-
rata 1972).

At the same time it is necessary to say that though in this type of
experiments optimum water saturation is maintained, yet in the conditi-
ons of high daily temperature water deficiency may occur which can
cause a decrease of the production efficiency (Repka, Kostrej 1972).

The data obtained show that production efficiency of crops is reflec-
ted through different production characteristics. In the given ecological
region high values of NAR were found in horse bean, ‘sunflower and
sugar beet, higher values of RGR in sugar beet and those of CGR in maize.
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PRODUCTION OF PHYTOMASS IN SOME FIELD CROPS
UNDER IRRIGATION ON LIGHT SOILS

J. SIMON

SIMON J. (Research Institutes for Crop Production, Praha-Ruzyné). The Pro-
duction of Phytomass in Some Field Crops under Irrigation on Light Soil. Rost-
linna vyroba (Praha) 27 (8) : 845-860, 1975.

In the period of 1971—1974 the production of phytomass in winter wheat,
horse bean, sugar beet, and silage maize was investigated on light soils at VOURV
Praha 6-Ruzyné and TiSice localities. Various variants of irrigation (z) and ferti-
lizing with N (h) were compared with a non-irrigated variant. The course of
following basic growth characteristics was examined by means of the growth —
analysis at various terms of the vegetation period: dry-matter production in the
overground phytomass Wp, distribution of the total dry-matter, daily gains in
dry-matter of individual plant organs. The yield of dry-matter in irrigated sugar
beet was 29.2 t.ha-! in the average of four years, the average daily gain per
vegetation period (C) being 14—19 g. m—2, day—1; the gain in winter wheat was
14—18 t.ha-! (the C value being 13—15 g. m—2.day~1); in silage maize 16.8 t.
.ha-1 (the C value being 14—16 g.m=2,day~-1), and in horse bean 8.2—10.5 t.
.ha-1 (the C value being up to 8 g. m-2. day—1). As compared with the non-irri-
gated variant, employing irrigation on light soils resulted in increased producti-
vity of winter wheat, horse bean, sugar beet, and silage maize by 24"/, 17",
70 %, and 45 9/, respectively.

irrigation; fertilizing with N; growth analysis; winter wheat; horse bean: sugar
beet; silage maize

At present, irrigation of field crops proves to be one of decisive fac-
tors which affect tie hytomass production as well as productivity in
drier areas and on ligit soils. Under mentioned conditions, water has
often been a limiting factor of exploiting the other intensification factors
as fertilizing, employing intensive cultivars etc. Thus a high attention is
to be paid not only to yields of irrigated crop but also to the problems of
phytomass production and its interaction with other cultural practices.

LOCALITY AND METHODS

The paper discusses data obtained from field experiments performed in the
period of 1971—1973 at VURV Praha-Ruzyné and Ti8ice localities. Main data on both
localities are given in Tab. I. Weather conditions of individual experimental years
are described in Tab. II.

Dynamics of the plant growth and productivity were investigated in the follo-
wing crops: winter wheat cv. “Jubilar’, horse bean cv. '‘Chlumecky’, sugar beet cv.
‘Dobrovicka A’, and silage maize cv. 'CE 250°. The course of basic growth characte-
ristics was studied by means of the growth-analysis method during the whole vege-
tation period. Sampling was made at the intervals of 14—21 days (see Tab. IIT). Ex-
periments comprised following variants:
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- Fertilizi ith N
o Irrigation system x, ¢ (lk‘ngf]i;m_l) Rate of K
P (kg . ha-1)
Zy Zy Z2 Zy h, h, hy
Winter wheat Xa 15 30 50 40 80 | 120 100
Horse bean Xa 40 60 80 0| 100 | 150 125
Sugar beet X, 20 40 60 120 | 180 | 240 125
Silage maize Xy 30 50 70 140 | 210 | 280 116

Expl. x,) irrigation system as expressed in %, of the available water capacity (AWC) of the soil,
AWC representing the difference between the field water capacity and the wilting point
of the soil profile

X,) Zz, — natural rainfall, i. e. non-irrigated control

I. Characteristics of experimental field at TiSice. -— Charakteristika pokusného mista
v TiSicich
Data Values
Latitude 50° 16"
Longitude 14° 33’
Above sea level 168 m

Haplic Phaeozems formed

Great soil group
on loamy sand terrace (FAO)

Sunshine in hours per year

Texture class loamy sand
Agrochemical properties of topsoil
Humus 9%, 25
pH (KCI) 7.0
P (Egner) mg per 1000 g soil 250—300
K (Schachtschabel) mg per 1000 g soil 80—150
Mg mg per 1000 g soil 4580
CaCO; % 0.4—1.2
Average of annual temperature °C 8.5
Average of precipitation mm 537
1551

II. Meteorological data .— Meteorologické udaje

Average air temperature
°C

Precipitation total

mm
Year
in vegetation period in vegetation period
annual aIV—1X) annual av—1X)
1971 8.7 15.1 436.7 322.7
1972 8.5 14.7 515.9 421.4
1973 8.6 14.7 350.2 241.8




II1. Dates of sampling in studied crops. — Piehled o terminech odbért vzorki rostlin
za vegetace

5 1 | 2 1 4 { l [ 7
| Sample No. | ?v ‘ il
‘ g S
. Gop tnteeela®) Lo| oo | m | o | v VI
’ Dates of sampling
Winter wheat I _
1971 16.4 30.4 14.5 28.5 11.6 25.6 9.7
1972 25 . 5.6 21.6 3.7 17.7 -
1973 10.5 1.6 21.6 6.7 13.7 27.7 —
Horse bean
1971 21.5 4.6 18.6 2.7 16.7 30.7 13.8
1972 1.6 16.6 30.6 14.7 26.7 4.8 -
1973 4.6 22.6 27.6 12.7 26.7 8.8 =
Sugar beet
1971 5.7 19.7 2.8 16.8 30.8 13.9 27.9
1972 10.7 25.7 7.8 21.8 4.9 18.9 2.1
1973 9.7 24.7 6.8 21.8 3.9 17.9 26.9
Maize for silage
1971 1.7 15.7 | 30.7 12.8 14.9 -
1972 27.6 | 12.7 279 11.8 28.8 — =
1973 ’ : i L 10.7 25.7. I 10.8 24.8 | 6.9 — —

Interval*) — period between two individual samplings (sample No.)

‘Data on total 1amfall and amounts of 1rr1gatmg water in expeumental crops
are listed in Table V.

RESULTS AND DISCUSSION

The survey on the course of changes in the overground phytomass
growthrate (W,) of stands (g.m~?J in individual crops is given in graphs
1—4. Data on the. distribution of dry matter of the total phytomass into
individual organs are expressed in graphs 5 and 6. Tables VI and VII
give data on daily dry-matter gain in 1n£v1dual plant-organs in the course
of the vegetation period (C) in sugar beet and silage maize. Yields
(t.ha=1'), values of gry matter in the total overground phytomass (t.ha=?)
as well as average daily gains in dry-matter during the whole vegetation
period are listed in Tables VIII and IX.

The dynamics of changes in dry-matter content in the overground
phytomass of winter wheat was changeable in individual experimental
years and variants (see graph 1). In the average of years, the maximum
values of dry-matter in the total overground phytomass were by 16 %
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IV. Basic data on the cultural practices applied to the studied crops. —

Data of sowing
(1971, 1972, 1973)

Beginning of emergence
(1971, 1972, 1973)

Harvest
(1971, 1972, 1973)

Vegetation period in days
(1971, 1972, 1973)

4.10.; 5.10; 4. 10;
18.10; 17. 10; 17. 10.
29.7; 3.8; 1.8.

296, 300, 301

Crops
Data e e e
Winter wheat Horse bean
Preceding crop Red clover Winter wheat
Sowing rate
(mill. per ha) 4.5 0.45
Row — spacing (cm) 12.5 27. -

9.4; 28.3; 23.3.
23.4; 14. 4; 10. 4.
24.8; 9. 8; 15. 8.

138, 135, 146

V. Precipitation and irrigations during vegetation period.

a davkach zavlahové vody za vegetace

Piehled o srazkach

infall Irrigation regime (xtg::l amount of water)
Crops Rﬂmf( mm)
Year -
o Z Z3 Zg

Winter wheat

1971 422.1 40.7 49.1 44.5

1972 456.4 — — 67.9

1973 311.4 53.0 54.5 43.9
Horse bean

1971 321.1 79.3 158.4 156.0

1972 338.0 46.6 134.3 170.0

1973 226.6 49.0 38.5 30.9
Sugar beet

1971 373.3 254.0 223.0 335.7

1972 404.4 46.2 41.6 157.0

1973 228.8 293.8 345.3 411.6
Maize for sildge

1971 168.8 181.6 174.6 265.1

1972 295.2 76.2 117.4 172.6

1973 133.3 254.1 239.5 329.1
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Zakladni udaje o agrotechnice sledovanych plodin

Sugar beet Maize for silage
Maize for silage Forage winter rye
0.08 0.09

45,— 60. —

13. 4; 10.4; 7. 4.

26. 4; 25.4; 28. 4.

12.10; 12.10; 5. 10.

183, 186, 182

2.6; 24.5; 30. 5.
8.6; 4.6; 8.6.
16.9; 13.9; 20.9.

107, 113, 114

and 30 % higher than in a non-ertilized variant. Maximum values of
W, were observed mostly at the end of June. In a non-irrigated variant,
the maximum dry-matter production in leaves (Wi) amounted, in the
average of years, to 293 g.m~2 In comparison with the non-irrigated vari-
ant, the W, values in variants zh; and zshs were by 27 % and 38 %

WINTER WHEAT

1971

[

1972

-

1973

Wl v IiwviTlwvi

I

v Iwv]lwv

T v v [vi]

Month

1. The survey on the course of changes in the overground phytomass growth-rate
(Wp) of stand in winter wheat (g.m~?%). — Piehled o prubéhu zmén v tvorbé su-
siny nadzemni biomasy (Wp) porostu pSenice ozimé (g. m~2)

ROSTLINNA VYROBA — 1975 849



higher respectively. At the end of vegetation period, decrease in dry-
-matter of the leat-phytomass was stronger in irrigated variants. As com-
pared with the maximum Wi values the decrease was about 60 % while
in the non-irrigated variant only 45 %. Inspite of this, at the end of
vegetation period, the absolute W, values were higher in irrigated variants.

VI. Daily overground dry matter increments of plant organs in sugar beet at diffe-
rent intervals during growth season (g.m~-2.day-!). — Denni pFiristky susiny
biomasy jednotlivych ¢asti cukrovky v jednotlivych intervalech b&éhem vegetace
(g.m-2,.den-1) ‘

Leaves Roots Total plant
In:(eer&:r;ls Variant Variant Variant
Zyhy Z,h, Zsh, Zohy Z:h, Zshy Zoh, Z,h, Z3hy

1971

I 25.1 — | 85| 221 | 120 | 173 | 472 - 8.8
1L —214 | 80| 173 | 11| 113 ] 276 !—203 | 104 | 447
I11. ~105 | —80 | -84 | 13| —14 | 200 | —92 | —93 | 115
Iv. 70| 21| 55|-63| 334 | 63 |-132 | 355 | 118
V. 85 | 82| 43| 142 | 335 | 337 | 227 | 416 | 381
VI. 21| 81 |-147 | 135 | 172 | —12 | 113 | 253 |—158
1972 i

I 68 | 250 | 189 | 79 | 113 | 187 | 148 | 364 | 377
11 02 | 140 | —54 | 208 | 152 | 44 | 300 | 14| 10
111 04 | 81| 45| 208 | 355 | 230 | 227 | 275 | 275
Iv. 01| 168 | 71| 00| -23] 121 | 01| 145 | 192
V. ' —32 | 162 | —41 | 282 | 220 | 428 | 250 | 75| 386
VI 33| 101 | 147 | 94| 305 | 217 | 60 | 400 | 364
1973 1

i 108 | 307 | 157 | 157 | 216 | 268 | 265 | 523 | 425
L. 119 | 194 | 237 | 347 | 329 | 242 | 466 | 523 | 479
111 —92 | -16| 202 | 12| 89| 227 | 80| 73| 428
V. 6.2 |—289 |-256 |-258 | —32 | 259 |-320 [—321 | 03
V. 49 | —9.0 [—11.3 | 140 | 265 | —21 | 195 | 175 |-13.4
VI 148 |-338 | 86 | 114 | 77 | 69.8 |-262 |-26.1 | 784

Daily gains in dry-matter of leaves in irrigated winter wheat fluctu-
ated in May between 5 and 10 gm~%day~!. Later on, the gain in the
leaf dry-matter phytomass became slower (the values dropped), and at
the end of the vegetation period, namely in non-irrigated variants, even
reduction of the phytomass took place. In some irrigated variants, daily
gains in the total dry-matter of the overground phytomass in winter
wheat amounted up to 50 gm-2day~! due to high gains in dry-matter
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HORSE BEAN
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2. The survey on the course of changes in the overground phytomass growth-rate
(Wp) of stand in horse bean (g.m=2). — Prehled o pribéhu zmén v tvorbé sufiny
nadzemni biomasy (Wp) porostu bobu obecného (g. m-2)

of haulms and ears (density of the stand). In the stand of non-irrigated
v:riintellr wheat maximum values of C fluctuated between 30 and 40 g.m~2
.day~1.

From the course of changes in the total overground phytomass (W)
in horse bean (see graph 2) the dependence of the production on the
irrigation has been apparent in all experimental years. In the variant
zshs the maximum W, values achieved as much as 2,500 g.m~%. As compa-
red with the non-irrigated variant (1,205 g.m~?2), the maximum dry-matter
Eroduction of overground phytomass was by 50—60 % higher in horse

ean under irrigation in the average of experimental years. In the average
of three years, dry-matter production of leaves (W1) in non-irrigated vari-
ants amounted to 326 g.m~? being lower by 6%, 22%, and 34% than in
irrigated variants zihi, zohs, and zshs, respectively. At the end of the
vegetation period, dry-matter contents of the leaf-phytomass, as compared
with the maximum values, were only 10.4 %, 16.5 %32.2 %, and 13.7 %
in variants z,hi, zihi, z:hs, and zshs, respectively. At the end of the vege-
tation period, the variant z;h; proved also the highest absolute W1 values
135 g.m~? in the average of three years.

Maximum daily gains in leaves of irrigated horse bean did not mostly
surpass the value of 15 gm~2day~' in June. In non-irrigated horse bean
the maximum values of C fluctuated up to 10 gm~%.day~'. In July reduc-
tion of C values in leaves, in non-irrigated variants even reduction of the
total phytomass took place. The maximum daily gains in total dry-matter
of overground phytomass in non-irrigated horse bean were found in June,
the maximum values amounting to 30—35 g.m~2day~!. Later on, the
gains were localized namely into pods. In irrigated horse bean daily
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VII. Daily overground dry matter increments of plant organs in maize for silage at

biomasy jednotlivych ¢asti kukurice na silaz v

jednotlivych intervalech béhem

Year Leaves Stems
Variant Variant
Intervals { T ARSI —
| Zoh, | Z:hy | Zshy | Zghy | Zohy | Zjh, ; Z,h, ] Zsh,
1971 ‘ J
I. 19.1 2.6 25 2.7 1.3 1.4 | 13 1.5
II. 3.4 9.4 72 | 12,0 71 | 11.2 ‘ 20.4 1.6
III. 8.1 207 9.4 4.0 90 | 158 04 | 103
IV. 04 | —01 | —05 | 0.1 33 | a8 79 | 28 |
1972
L. 7.6 | 10.6 | 10.3 7.6 7.2 7.6 6.2 49
II. 8.3 6.3 8.1 89 | 128 | 158 | 14.0 | 17.0
II1. —08 |-103 | —3.1 | —47 | 12.0 | 18.0 6.3 8.6
Iv. 2.8 9.4 0.3 4.4 75 | —5.4 3.5 5.2
1973 .
I 5.6 2.4 7.2 6.6 6.7 89 | 145 | 39.0
II. 5.1 0.7 3.0 29 | 232 | 247 | 172 | —5.0
III. 2.2 8.4 1.5 75 | —0.3 54 | 244 | 124
V. \ ~-37 | —-02 | —1.0 | —7.9 | —2.0 | —0.1 |—17.3 | —8.8

gains in dry-matter of the total overground phytomass achieved 30—
—‘io g.m~%day~'. Mentioned level of C values was maintained up to mid-
-July.

The course of changes in the total dry-matter of the sugar beet phyto-
mass (graph 3) was considerably affected by irrigation (except for the
year 1972) even since the beginning of August. Since this period, the
increase of W, values in non-irrigated sugar beet was already slower
and irregular. A similar tendency may be followed also in the course of
root-phytomass production (W,). Maximum values of dry-matter in leaf-
-phytomass amounted, in the average of experimental years, to 763 g.m~?2
in the non-irrigated variant; the maximum Wi values in irrigated variants
z2h, and zsh; were by 12% and 36% higher, respectively. Besides irriga-
tion, also fertilizing with nitrogen proved great influence on increasing
Wi values. The interaction of N-fertilizing with irrigation resulted in the
equal level of the phytomass production in the course of the whole
vegetation period so that almost no difference took place between maxi-
mum W values and those observed at the end of the vegetation. In the
average of three exgerimental years, the W1 value of non-irrigated vari-
ant dropped by 40 % as compared with the maximum W, values at the
end of vegetation period. :

In sugar beet under irrigation the daily dry-matter gains amounted
to their maximum values of 25— 30 g.m~2day~! in July. Later on, decrea-
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different intervals during growth season (g.m-2.day-1). — Denni prirtstky susiny
vegetace (g.m-2,.den-?)

Ears Total plant
Variant Variant
Zgh, Z:h, Z,h, Zshy Zgh, Zh, Zyh, Zsh,
— - - — 3.1 4.0 3.7 4.2
- - — - 10.6 20.5 27.6 28.2
- = 1 ~ s 17.2 18.5 9.8 14.4
8.2 14.5 13.7 18.4 11.9 4.7 21.0 21.3
= == = 14.8 18.2 16.5 15.2
- - - — 21.1 22.1 22.1 21.5 |
= — — - 24.1 14.4 22.1 18.4
14.6 24.9 18.2 23.5 24.9 28.9 22.0 33.1
= — - - 12.3 11.3 21.7 45.5
= = — = 24.8 34.0 28.3 7.2
0.4 16.4 17.9 18.7 2.2 28.2 43.7 38.6
—0.8 17.0 23.5 3.1 —85 14.1 5.2 —16.5
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3. The survey on the course of changes in the phytomass growth-rate (W) of stand
in sugar beet (g.m-2). — Pirehled o priubéhu zmén v tvorbé suSiny biomasy (W)
porostu cukrovky (g. m—2)



VIII. Crop yields. — Hospodai'sié vynosy plodin

Grain, roots, silage matter Straw, leaves
t.ha-! t.ha-!
Crop Variant (eha™) ( )
1971 | 1972 | 1973 | 1974 | 1971 | 1972 | 1973 | 1974
Winter wheat Zyhy 4.33| 7.40| 5.30( 590| 7.20| 10.00| 10.50| 8.52
Z,h, 592( 7.20| 8.00| 6.72| 11.02| 9.28 | 14.15| 12.70
Z;h, 6.56| 6.37| 5.82| 5.88| 10.67 | 15.57 | 13.77 | 11.63
Horse bean Zshy 1.81| 3.58| 2.30| 3.62| 6.31| 6.52| 3.42| 7.13
Zh, 250| 445| 3.80| 3.51| 7.08| 6.03| 6.65| 7.43
Zsh, 2.89| 4.25| 435| 2.78| 6.95| 7.60| 7.35| 7.63
Zh, 297 3.77| 3.67| 3.17| 7.40| 5.82| 7.18| 5.97
Sugar beet Zoh, 28.68 | 58.04 | 25.74 | 45.02 | 16.21 | 43.17 | 14.40 | 32.75
Z,h, 34.44 | 74.95| 60.82 | 60.07 | 45.40 | 54.94 | 54.41 | 42.24
Z;h, 74.05| 73.55| 68.46 | 58.85 | 56.14 | 68.11| 65.39 | 50.69
Maize for silage Zshy 35,27 63.90| 21.42| 40.80| — — - —
Z:h, 62.75 | 64.82| 60.55| 44.68| — — - -
Zsh, 68.30 | 69.43 | 59.53 | 42.58| — — — -
Z,h, 70.72| 77.15| 68.45| 40.37 | — - - —
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4. The survey on the course of changes in the overground phytomass growth-rate
(Wp) of stand in silage maize (g.m~-2). — Piehled o prib&hu zmén v tvorbé susiny
nadzemni biomasy (Wp) porostu silaZni kukufice (g. m—2)
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IX. Dry matter yields (W) and primary productivity during the whole vegetation
period (C) — Vynosy suiny biomasy (Wp) a primérné denni piiriistky celého vege-
taéniho obdobi u sledovanych plodin (C)

Wy (t . ha™1) C(g.m™?, day?)
Crop Variant
1971 | 1972 | 1973 | 1974 | & |1971| 1972 197311974‘ z
Winter wheat | Zgh, 9.86| 14.90| 13.55| 12.38| 12.70| 7.4| 10.7| 9.9/ 10.1| 9.5

Zsh, 14.49| 14.12| 18.94| 15.90| 15.86| 10.9 | 10.2| 13.8| 12.9| 11.9
Z3h, 14.74| 18.06| 16.73| 14.97 | 16.13| 11.1| 13.1| 12.2| 12.2| 12.1
max*) 15.35| 18.74| 20.75| 17.94| 18.20| 11.5| 135 15.1| 14.6 | 13.7

Horse bean Zhy 6.95| 8.68| 4.92| 9.24| 7.45| 57| 74| 39| 66| 59
Zh, 8.21| 9.03| 8.99| 9.40| 891| 6.7 7.7| 7.1| 6.7| 7.1
Zsh, 8.45| 10.19| 10.07| 8.92| 9.41| 69| 87| 79| 64| 7.5
Zshy 889 8.26| 9.32| 7.85| 858| 7.2 7.1| 7.3| 56| 6.8
max 8.89| 10.49| 10.07| 9.40| 9.71| 7.2| 9.0 7.9| 6.7 7.7
Sugar beet Zoh, 10.33( 22.62| 9.25| 17.42| 14.90| 6.1| 13.3| 5.3| 10.2| 8.9

Zghy 24.63| 25.25| 25.97| 25.14| 25.25| 14.6 | 14.8| 16.3| 14.8 | 15.1
Zsh, 29.03| 30.88( 29.07 | 24.07| 28.26 | 17.3 | 18.2| 18.3| 14.2| 17.0
max 29.45| 30.88 29.07| 27.39| 29.20| 17.4| 18.2 | 18.3| 16.1 | 17.5

Maize for Z,h, | 896|16.23| 5.44|1036| 1022 89| 161 52| 9.8/ 10.0
silage Zh, | 15.94| 16.46| 15.38| 11.35| 14.78| 15.9| 16.3 | 14.8| 10.7| 14.4
Zh, | 1734 17.71] 15.12| 10.82| 15.25| 17.3| 175 | 14.5] 10.2| 14.9
Zjh, | 17.96] 19.60| 17.39| 10.25| 16.30| 18.0| 19.4| 16.7| 9.7 15.9
max | 18.33| 19.60| 17.39| 11.90| 16.80| 18.3| 19.4| 16.7| 11.2| 16.4

*) Maximum yield from the whole experiment.

ses in C values of leaves, namely in a non-irrigated variant, took place.
Maximum gains in dry-matter of root phytomass in non-irrigated variants
fluctuated about 30 g.m~%day~!, namely at the beginning of August.
Maximum C values under irrigation were about 35 —40 g.m~%day~! being
attained, as usual, at the end of August and at the beginning of September.
Regarding the different course of the phytomass production in the leaves
or roots, sugar beet produced maximum gains in the total phytomass
45 gm~%day~! in the non-irrigated variant z,h; while in variants under
irrigation the gains were 40—50 g.m~%day~".

Production of the total dry-matter in overground phytomass in silage
maize (graph 4) was apparently affected by irrigation (except for the
humid vegetation period of the year 1972); increasing rates of N, howe-
ver, did not exert any influence on the W, production. Variants under irri-
gation exhibited namely a quicker dry-matter growth-rate of leaves.

Average daily dry-matter gains of silage maize fluctuated in the
range of 10—25 gm~%day~! in non-irrigated variants; they were mostly
pronounced in the period between mid-July and the harvest. Values of
daily dry-matter gains in the phytomass of irrigated maize were rather



balanced, their value fluctuating from 20-35 g.m-%day~'! since mid-
-July. Maximum C values achieved even 45 g.m~%day~! in some years.

Maximum daily gains in dry-matter of the phytomass in investigated
crops and terms of growth under conditions without irrigation respond
in general to findings by Hruska (1975), Vrko¢ (1973) and other
authors. The maximum values of C in sugar beet, winter wheat and in
some years also in maize under irrigation, surpass the value of 41 gm~2
.day~! which is mentioned by de Wit (1959) as the upper limit for
field crops. High daily gains in dry-matter that were obtained in irrigated
wheat as well as sugar ieet seem to be in connection with a high density
of the stand which is always higher under irrigation than without it.
This fact has also been emphasized by Repka and Kostrej (1970)
who gave evidence that in stands of higher plant density also the maxi-
mum values of C were higher.

Dry-matter distribution into individual organs of winter wheat was
markedly influenced neither by irrigation nor by increasing rates of N.
More distinct differences in dry-matter distribution were observed only
in sugar beet and silage maize (see graph 5, 6).

As it is apparent from our experiments (Table IX), dry-matter yields
per ha under irrigation fluctuated in winter wheat from 14.5 up to 20.7
t.ha-? the average of four years being 16—18 t.ha~!, while the non-irri-
gated variant produced by 26—40 % lower amounts (i. e. by 3.3-5.5
tha=!). In horse bean, yield of dry-matter in the overground phytomass
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5. The distribution of dry-matter of. the total phytomass into individual organs in
sugar beet. — Distribuce suliny celkové biomasy do jednotlivych orgédnt u cuk-
rovky
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MAIZE FOR SILAGE

% 1971 1972 1973
80 + Leaves

ol ¥y

- \ ‘;\ S
20 b BEAS

-

L Stems 3

'o‘\\ . ;\ ’

“1 e R
40 + ‘.é: / .
20 +
60 | Heads

40 | ---- zphy %
| —— zqhy U

20 + cna= 22h2
w—siFsy

2 2 3 4 5 1. 2. 3.4 5 172 3 4 S5
Intervals
6. The distribution of dry-matter of the total phytomass into

individual organs in silage maize. — Distribuce susiny celko-
vé biomasy do jednotlivych orgdnti u sildzni kukufice

was 5—9 t.ha~! under irrigation while 8.2—10.5 t.ha=! without it. In the
average of four years irrigation resulted in increased dry-matter yields by
20—-30 %. As compared with non-irrigated winter wheat the average dry-
-matter yield of the most productive variant of irrigated horse bean was
by 13 % lower. Comparison of W values of irrigated winter wheat and
horse bean demonstrated wheat to be by 73 % more productive than
horse bean. The highest amounts of dry-matter in the phytomass were
produced by sugar beet. In non-irrigated variants the W values achieved
10—-20 tha~! while under irrigation 25— 30 t.ha=!, the average maximum
yield being 29.2 t.ha-!. Non-irrigated sugar beet produced on an average
higher yields of dry-matter than horse bean did[,) namely by 5.2 tha-?,
i. e. by 15 %; as compared with the maximum W values in irrigated
wheat, this yield was by 3.3 tha=! (18 %) lower. Yields of dry-matter in
overground phytomass of silage maize, grown as subsequent crop after
non-irrigated rye, were 10.2 t.ha~! in the average of years. The maximum
W values in silage maize under irrigation amounted to 16.8 t.ha~?; this
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means that, as a result of irrigation, the W values were increased by
65 %. Concerning dry-matter production in the overground phytomass,
silage maize surpassed not only the yields of horse bean but even those
of winter wheat.

The lowest average daily gains (up to 8 g.m~%day~!) in the course of
the whole vegetation period (see Tab. IX) were found in horse bean. The
values of C in irrigated sugar beet and silage maize were almost balanced
during the vegetation, fluctuating about 14—19 g.m~%day~'. Daily gains
in irrigated winter wheat that provided maximum yields of dry-matter
amounted to the values of about 13—15 g.m~2.day~?, too.

Yields of dry-matter as well as obtained average daily gains in exa-
mined crops in the course of vegetation period seem to indicate that, on
light soils, irrigation results in increased productivity of wheat, horse
bean, sugar beet and silage maize by 24, 17, 70, and 45 %, respectively.
As compared with the variant zijhi, the interaction of N fertilizing with
irrigation (maximum yields in z X h) made it possible to achieve fol-
lowing increases in dry-matter yields: 15 %, 8 %, 15 %, and 13 % in
winter wheat, horse bean, sugar beet and silage maize, respectively. As
compared with the maximum yields of dry-matter per ha produced by
sugar beet (100 %), the maximum yields of W in other crops were as
foﬁows: winter wheat 62.5 %, horse bean 33.2 %, and silage maize 57.5 %.

Dry-matter yields produced by sugar beet on light soils under irri-
gation surpassed even those achieved at other localities with fertile soils
in Bohemia (17.1 tha=?!, Vrko¢ 1974) as well as in Moravia (23.1
tha=?!, Hrudka 1973). Similar situation was also in winter wheat
whose yields of dry-matter in overground phytomass on brown-grey pod-
zolic soil at Ruzyné (11.2 tha=!, Vrko¢ 1974) were by 30% lower and
in Moravia (12 tha=!, Hruska 1975) by 24% lower than at TiSice.
Though horse bean produced the lowest dry-matter yields in the phyto-
mass throughout the experiments, it was still by 31% more productive
than for instance at Lukavec (6.17 tha=!, Cerny 1975).

The average daily gains in dry-matter of the phytomass achieved by
non-irrigated sugar beet on light soils during the vegetation period were
lower than those at localities Ruzyné and Lukavec. The average values
of C in horse bean at Tidice were consistent to those at mentioned localities
while C values in wheat at TiSice were by about 2.5—3 gm~%day~! (Cer-
ny 1975) higher as compared with Céaslav and Ruzyné loca.i(ities. The
average daily gains in dry-matter of the phytomass that had been got
in irrigated wheat and horse bean during the vegetation period were twice
greater than at mentioned localities. Though the soils at Tisice are light,
the C values in irrigated sugar beet during the vegetation period were
thelre by 50—100 % %ﬁgher than on chernozem and brown-grey podzolic
soils.

Our experiments thus confirmed that, providing the irrigation is
employed, the productivity of examined crops on light soils could be very
high, namely in sugar beet and winter wheat. From results it was also
deduced that it was possible not only to equalize the intensity of crop
Eroduction under mentioned conditions to the intensity of areas with

igher soil fertility but even to surpass it.
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SIMON J. (Vyzkumné ustavy rostlinné vyroby, Praha-Ruzyné). Produkce biomasy
nékterych polnich plodin pfi zdvlaze na lehké pudé. Rostlinnd vyroba (Praha) 21 (8) :
: 845-860, 1975.

V létech 1971—1974 se ve VURV Praze-Ruzyni na pracovisti v Tisicich sledovala na
lehkych plidach produkce biomasy pSenice ozimé, bobu obecného, cukrovky a silazni
kukufice pii riznych variantach zavlahy (z) a hnojeni dusikem (h) ve srovnani s va-
riantou bez zavlahy. Béhem vegetace se v ¢asovych intervalech hodnotil prubéh za-
kladnich rustovych charakteristik metodou analyzy rustu (tvorba suliny nadzemni
biomasy Wp, distribuce celkové suSiny, denni prirtstek suSiny jednotlivych organu
rostlin). Vynos suSiny zavlazované cukrovky ¢inil v praméru 4 let 29,2 t.ha—-2 s pru-
mérnym dennim prirtistkem za celé vegeta¢ni obdobi (C) 14—19 g.m—2.den~1, ple-
nice ozimé 14—18 t.ha-1 s hodnotou C 13—15 g. m~2. den~}, silaZni kukufice 16.8 t.
.ha-1 s hodnotou C 14—16 g. m—2.den-! a u bobu obecného 8,2—10,5 t.ha-! s hod-
notou C do 8 g.m~2.den—1, Uplatnénim zavlahy na lehkych pudach se zvysila pro-
duktivita psenice o 24 9%,, bobu o 17 %, cukrovky o 70 9%, a silaZni kukufice o 45 9, v po-
rovnani s variantou bez zavlahy.

zavlaha; hnojeni N; rustova analyza; pSenice ozima; bob obecny; cukrovka; kukufice
na silaz

IIMMOH M. (HayuHo-mccaenoBaTenbCKHMe HHCTHUTYTH pacTeHuesonctsa, Ilpara-Pysmme). Ilpo-
AyKOous 6HOMAcChl HEKOTOPHIX NOJNEBHIX KyJIbTyp B YCIOBHAX OpOIIeHHs nerkumx mous. Rostlinna
vyroba (Praha) 21 (8) : 846-860, 1975.

B 1971—74 rr. 8 HUHUP B Ilpare 6 - PysuiHe B o6mexre Tumwume Ha Jerxoif mouse Haydanu
NPONyKIHI0 6HOMAcCH 03. NUIEHHIE, 606a KOHCKOTO, CaxX. CBEKJBI M KyKypyssl Ha CHJOC B pas-
HHIX BapuaHTax opomenus (z) u asorHoro ymobpenus (h) u cpasHuBanu c BapHanTOM 6es
opoimeHus. B TeueHWe Bereranmum B OmpeneNeHHbe MHTepBajbl 0606Imjany XOI OCHOBHEIX XapakTe-
PHCTHK POCTa C TOMOIBI0 MeTOXa aHasnusa pocra (o6pasoBaHMe CyXOTO BemeCTBA B HaN3eMHOM
Suomacce Wp, ero ofmee pacnpeneneHre ¥ CyTOYHEIE NPUPOCTH B OTHENLHEIX OPraHax pacTeHWi).
B cpemseM no 4 romaM npoONyKIHs CyXOTO BellecTBa OpOIIAEMON Cax. CBEKJBI COCTaBJIANa B Cpen-
Hem 29,2 T.ra~2 co cpenHecyTOYHEIM NpPUPOCTOM 3a BeCh BereranuoHHeit nepmox (C) 14—
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~19 r.M~% nesp—!, y oas. mmenuum 14—18 t.ra-! ¢ peamummor C = 13—15 r.m~2.
. nenb—!, y kyKkypyswt nHa cunoc 16,8 t.ra-1 ¢ semmumnoit C 14—16 r.mM~2 . nenn—1 u y 606a
82—10,5 t.ra"! ¢ senrmymmot C no 8 r.M~2. nemn—!. Biaronaps OpOMEHMIO JErKHX [OUB
IipONYKTHBHOCT, MmeHMIE Bospocia Ha 24 00, 606a ma 17 %0, cax. cmexam ma 70 %, xykypyasi
ua cunoc Ha 45 % no cpasHenmwo ¢ BapuanTaMu Ges Opomenus.

OpomeHme; a3oTHOe ynOOpeHHMe; aHAJIW3 DPOCTA; O3UMAsA MmeHUNA; 606 KOHCKMiI; caxapHas CBEKJa;
KyKypy3a Ha CHJIOC

Adresa autora:
Ing. Josef Simon, CSc., Vyzkumné ustavy rostlinné vyroby, 161 06 Praha-Ruzyné
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PHYSIOLOGICAL CHARACTERISTICS AND VARIETAL GROWING
TECHNOLOGY OF HIGH YIELDING SPRING BARLEY
AND WINTER WHEAT VARIETIES

M. KOPECKY, L. NATR, J. PESIK, M. ZEMANEK, L. ZENISCEVA

KOPECKY M., NATR L., PESIK J., ZEMANEK M., ZENISCEVA L. (Cereal Re-
search Institute, Kroméiiz). Physiological Characteristics and Varietal Growing
Technology of High Yielding Spring Barley and Winter Wheat Varieties. Rost-
linna vyroba (Praha) 21 (8) :861-873, 1975.

A survey is given on the research carried out in the scope of the International
Biological Programme. The most important factors affecting the remarkable inc-
rease in grain yield in Czechoslovakia are represented by new high yielding va-
rieties, higher fertilizer doses and chemical substances controlling pests, weeds
and diseases, and by the realization of the complex varietal growing technology.
The principles of physiological characteristics of individual varieties are describ-
ed as well as their utilization in the determination of growing technology. Chan-
ges are discussed that characterize the breeding during the last century.

yvield formation; physiological characteristics of varieties; growing technology:
winter wheat; spring barley; breeding

The total cereal production and the average ha-yields have been
showing an increasing trend in this country in recent years. For instance,
cereal grain yields in the whole CSSR were in the years 1972, 1973 and
1974 31.0; 34.8 and 38.2 q/ha, respectively. In the Western Slovakia region
in 1974 the yield amounted to 51.9 q/ha and the yields gained in some
agricultural enterprises are as high as about 70 q/ha.

~ The increased ha-yields in recent years were mainly due to the three
factors, as follows:

1. Growing of new high yielding spring barley and winter wheat varieties.

2. Increased doses of mineral fertilizers and of substances for chemical
protection against weeds, diseases and pests.

3. Complex system using varietal growing technology.

It is obvious that the above mentioned factors with their effects
cannot be separated from each other. Effect of each of the factors depends
on the other ones. But in the paper we should like to deal mainly with
the third factor,” i. e. varietal tecEnology of growing because of the fol-
lowing reasons:

a) It is a new approach to agronomical practices based on conside-
ring the biological varietal peculiarities and forming a complex of all
cultural practices in order to use yielding ability of individual varieties
to the greatest extent. The cultural practices are aimed at establishing
sufficient stand density having a great number of large caryopses per area
unit. From that view significance of individual plant organs and pos-
sibility of their accurate regulation for getting high yields are considered.

b) Just the mentioned field of scientific work of our institute was
integrated into the International Biological Programme in order to use
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knowledge from abroad in the study of physiological characteristics and
theory of crop yield formation. Simultaneously we are of the opinion
that some parts of our own results can be used also in other institutions
in the sense of one of the goals of IBP.

Therefore, we are presenting in the work the review of partial results
which are essential for the complex varietal growing technology of spring
barley and winter wheat.

MATERIAL AND METHODS

The experiments were carried out on experimental fields of the institute. The
soil-climatological characteristics are as follows:
Production type: sugar-beet growing
Altitude: 202 m
Soil type: degraded chernozem
Soil: loamy
Saturation of the colloidal complex: V = 85.6 9,
Sorption capacity — middle T = 20 mval.
Average temperature during the year: 8.6 °C
Average temperature during October-March: 2.2°C and April-September: 15.1 °C
Average rainfall during year: 599 mm
Average rainfall during October-March: 210 mm and April-September: 389 mm.

For the detailed methods of individual experiments and individual partial re-
sults see publications as follows: Kopecky 1973, Pes§ik 1970, Lekes§ et al. 1973.

RESULTS
Spring barley

Spring barley varieties of the Czechoslovak collection can be divided
essentially into groups as follows:

1. Varieties having middle long stem and lower lodging resistance
and lower ability of using higher doses of nutrients (‘Dvoran’, ‘Denar’,
‘Topas’, 'Dukat’). The decisive yielding component in varieties of that
type is ear productivity. They respond very susceptibly to the direct nitro-
gen fertilization and to the higher rate of nitrogen release from the soil

uring the stem elongation.

2. Short-stemmed varieties, having high productivity and higher lod-
ging resistance ("Ametyst, ‘Favorit’, 'Hana’ and ’‘Diamant’). They are
superior to the varieties of the first group in having more effective
ability of using nitrogen for grain yield formation. The decisive yielding
component in varieties of that type is the ear number per area unit.
Cultural practices aiming at formation of productive tillers are favourable
for yield formation (Tab. I).

A special group of varieties, valuable for further intensification of
groduction is represented by the so called nitrogenous barley types. The
irst line of barley ("KM 1192’), bred at the institute at Kromé&¥iz differs
from the contemporary short-stemmed varieties in having higher produc-
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I. Influence of nitrogen fertilization on grain yield in long- and short-strawed varie-
ties. (Kromériz 1971—1973). — Vliv hnojeni dusikem na vynos zrna u dlouhostébel-
nych a kratkostébelnych odrad (Kroméiiz 1971—1973)

Grain yield g/ha Ear number/m?
Doses of N kg/ha of pure & J /
ISR Dvoran | Ametyst | KM 1192 | Dvoran ‘ Ametyst ’ KM 1192

61.2 68.8 73.4 747 789 855

30 61.5 70.4 75.5 799 879 918

60 62.5 71.2 79.3 841 922 960
P0.05-2.0 43
P0.01—-2.9 57

tivity, higher nutrient uptake and their using in yield formation, maxi-
mum dry matter production from area unit, narrower ratio grain: straw,
prolonged period of photosynthetical activity, disease resistance and hig-
her stem stiffness. The decisive yielding component in addition to the
ear number per area is 1,000 kernel weight. It was proved in experiments,
carried out at Kroméfiz, that in the average of 1971 —1973 'KM 1192’ used
at the dose of 60 kg/ha of p. n. by 60 % more N in comparison to Ame-
tyst. On soils, having lower soil fertility in conditions of higher rainfall
‘KM 1192 used still the dose of 120 kg N, while the same dose caused
highly significant yield depression in Ametyst variety.

Concerning the long-strawed varieties, placed in rotation after manu-
red root crop, or maize, it is more convenient to use nitrogen for forecrops
on soils having high supply of nutrients. In the short-strawed varieties
it is better to use nitrogen fertilization directly. Based on our knowledge
the best nitrogen' using takes place in the 2nd growing phase by Feekes
(beginning of tillering), especially in the more humid regions (tab. II.).

II. Influence of nitrogen application on grain yield. — Vliv aplikace dusiku na vynos
zrna|
Date of N-a'p‘aplicat'ionv o Grain yield q/ha Increment

before sowing 1 : 42.2 -

after sowing 43.2 1.0

at the beginning of stem elongation 45.5 3.3
P0.05-1.2
P0.01—-2.0

In regions having less rainfall, where soil nutrients are less movable
and available, it is better to use nitrogen as pre-sowing application or to
use urea spraying in the 2nd growing phase by Feekes. Using higher
nitrogen doses (over 30 kg) it is better to divide it for applying before
sowing and at the beginning of tillering.

ROSTLINNA VYROBA — 1975 863



Potassium and phosphorus doses are differentiated in accordance
with forecrops and ecological conditions. The most favourable using of
those nutrients is ensured by ploughing in of commercial fertilizers si-
multaneously with the manure as supplying fertilization. Based on our
results the short-strawed varieties need in spite of supplying fertilization
the starting dose of phosphorus and potassium fertilizers.

A very important factor for yield formation and barley quality is the
forecrop. The best forecrops for spring barley are the manured root crops
and maize. In a higher proportion of cereals in the rotation it is not pos-
sible to avoid barley growing after cereal crop. Results from our experi-
ments showed that the present spring barley varieties are less susceptible
to growing them in the rotation after cereals in comparison to the present
wheat varieties. Spring barley is more resistent to diseases, attacking
stem bases which are the main cause of yield depressions in extending
cereal acreages. There were proved marked differences in varietal reac-
tion to forecrops (tab. III).

III. Response of spring barley varieties to forecrop (Kroméfiz 1971—1973). — Odrudo-
va reakce jarmiho je¢mene na predplodinu (KroméiiZz 1971 —1973)

Grain yield q/ha
Varieties Difference
after root crop after cereal crop
Long-strawed var.
(Topas, Dukéit, Dvoran) 64.5 57.9 — 6.6
Ametyst 68.9 63.1 — 58
Diamant 66.1 53.7 —124
KM 1192 74.6 7.7 - 29
P0.05-2.4
P0.01-3.3

The short-strawed varieties are more susceptible to growing them
after cereal crops then long-strawed ones. Of the short-strawed varieties
the most sensitive variety concerning less convenient forecrop is Dia-
mant, the least sensitive is Ametyst. KM 1192 also shows less sensitivity.
Favorit-variety is in this respect similar to Diamant.

Spring barley sensitivity to a forecrop is increasing with lower soil
fertility. Higher doses of fertilizers, in the first place of nitrogen ones,
are able to soften the adverse effect of the less convenient forecrop, but
in the varieties only, which are able to use higher nitrogen doses (tab.
Iv.).

In experiments dealing with spring barley growing in monoculture
it was shown that the compensation for the negative monoculture effect
was most effective with co-operation of higher nitrogen doses and manu-
ring (green manuring, straw). So it was possible to eliminate fully the
negative effect of 5-year cereal monocufture, alternating barley and
winter wheat (tab. V).
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IV. Interaction effect between nitrogen and forecrop on grain yield. (KroméiiZz 1971
—1973). — Vliv interakce dusiku a predplodiny na vynos zrna (Kroméfiz 1971 —1973)

KM 1192 ‘ Ametyst
N-doses forecrop
sugar beet wheat ‘ sugar beet , wheat
0 73.4 67.9 65.6 ) 60.6 |
20 75.5 72.6 69.0 | 634
60 79.3 738 | 689 66.1
P 0.05—3.0
P0.01—4.6

Deeper soil cultivation ensures higher yielding stability in all varie-
ties grown after cereal crop. Shallow loosening makes the effect of less
convenient forecrop still more pronounced. Fast acting decomposition of
post-harvest remains including growth inhibiting substances in deeper
cultivated soil would be one of the essential factors ensuring yielding sta-
bility of barley, grown after cereal crop. The less convenient cultural
practices in the short-strawed varieties grown after cereal crop are also
the heavy soil compaction with the heavy roller after sowing.

V. Influence of organic manuring and N-doses on yield of short-strawed spring barley
varieties: Diamant, Ametyst (Kroméfiz 1970—1974). — Vliv organického hnojeni a da-
vek N na vynos kratkostébelnych odrid jarniho je¢mene odrid Diamant a Ametyst
(Krométiz 1970 —1974)

g |
Rotation Org. manuring kg /1?; ;3:: L ! Yield q/ha [
|
Sugar beet — barley — ‘ 30 I 63.9
Monoculture ‘
Wheat — barley green manuring l 60 ‘ 62.1 ‘
P0.05-3.5
P0.01—-4.7

Cultural practices of the recent high yielding varieties cannot be
confined to only above mentioned ,traditional® measurements. Along
with yield growing it is justified to expect using of further scientific
knowledge, too. Great deal of attention is paid to the influence of active
growth substances on development and productivity of cereals. It is justi-
tied to suppose that solving of these problems would indicate one of the
ways of regulating grain yield formation.

In our experiments dealing with spring barley influences of succinic
acid, Ethrel, Atonik, Metalik, BAS 0660 W preparation, indolyl acetic acid,
gibberellic acid, kinetine etc. on forming grain yield in different condi-
tions of supplying water and nitrogen were investigated.
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Concerning the practical application of results the most elaborated
is the question of semi-dry seed treating with succinic acid; especially in
the arid conditions of maize growing production type positive results were
gained in the exact field experiments (tab. VI).

From the above results it follows that active substances from biolo-
gical point of view may have essential role in plant production concer-
ning Eoth intensification and stabilization of the achieved cereal yields
in the less favourable growing conditions.

VI. Influence of increasing doses of succinic acid and increasing nitrogen doses on
grain yields of "Ametyst’ and 'Elgina’ varieties in a maize growing region (co-opera-
tive Dolni Bojanovice) in 1973 and 1974, — Vliv stupnovanych davek kyseliny jantaro-
vé pii stupnovanych davkach dusiku na vynos zrna odrud 'Ametyst’ a ‘Elgina’ v ku-
kufiéném vyrobnim typu (JZD Dolni Bojanovice) v r. 1973 a 1974

Doses of succinic acid in g/1 g of seed
. Nitrogen 0
Year Variety ]:lgo/;ea (control) 4 6 10
grain weight q/ha
1973 | Ametyst o | 5360 5690 | 5180 57.40
55 50.20 [ 62.20%* 61.00%* 62.80**
80 50.40 -7 59,90** 57.80%* 61.30%*
average 51.40 59.67** 56.87* 60.50%*
Elgina 0 58.80 56.60 ‘| 61.80 - 53.30*
55 55.20 52.50 60.40% 65.20%*
80 51.00 59.40** 56.40% 65.00%*
average 55.00 56.17 59.60 61.17*
1974 Ametyst SR ¢ 66.54 71.54** 69.38* 70.00**
55 63.33 67.46** 66.54% 69.26%%
80 62.00 64.35 63.67 © 66.82%%
average 63.96 67.78** 66.53 68.66%*
Elgina 0 64.08 64.86 62.28* 71.16%*
55 66.05 63.91* 64.32*% 63.34%
80 65.59 64.58 62.64* 66.62
average 65.24 64.45 63.08 67.04

1973 Pg.,; = 6.68 (characterized by**)
Py.o5 = 5.01 (characterized by*)
1974 Py.;, = 3.51
Py.o5 = 2.63

Winter wheat

Sowing of individual varieties is orientated from the point of view
of the convenient forecrop, sowing date, sowing rate and fertilizing in
order to ensure a high number of well developed and wintered plants.
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In spring, individual varieties differ in dry matter formation in individual
developmental phases. Therefore in that period the technology of gro-
wing is aimed at favourable influencing of yielding components in diffe-
rent agro-ecological conditions and considering the course of meteorolo-
gical conditions.

Regionalized varieties, especially short-strawed high yielding Soviet
ones (‘Kavkaz’, Tubilejnaja’) have great ability of using nutrients both
from the soil and from the direct application. But after ill wintering it is
very difficult for plants to dense stand with the ear bearing tillers. The
great number of qlants to dense stand with the ear bearing tillerso,6u
great number of plants is essential in the above varieties for yield form-
ation, high yield being predominantly dependent on ear productivity from
the main stem. Great number of plants and high yield in ‘Kavkaz’ and "Ju-
bilejnaja’ varieties are due not only to general soil cultivation, nutrition
and sowing date, but mainly to higher seeding rate amounting to 6 mil.
viable seeds per ha. Lower seeding rate depresses yield especially in an
unfavourable season. The most suitable seeding rate in ‘Mironovskaya’,
'Zora/, ‘Oska’ and ‘Jubilar’ varieties amounts to 4.5 mil. viable seeds per ha.
Further seeding rate increasing in conditions of appropriate sowing time
and nutrition does not increase yield (Fig. 1).

/ 1l.
701~ _
Z 7 7
os- [ 2 %
% % Fz 1
% 7 2 7
T 1 | '
60— ? %
% g 2 7 % 7
55— | YA % y %
2 | Z 7 % 2
50 i A % 4 2
K J M Z K J M Z

1. Grain yield (q/ha) at seeding rate of 4.5 mil ((J) and 6 mil.
(//)) of viable seeds per ha and after clover-like (I) and cereal
(II) forecrops in four winter wheat varieties: ‘Kavkaz' (K),
'Jubileynaya’ (J), ‘Mironovskaya’ (M) and 'Zora' (Z). — Vy¥-
nos zrna (q/ha) pfi vysevku 4,5 miliéna ((J) a 6 miliéna (///)
kli¢ivych zrn na hektar a po predplodiné jeteloviné (I) a obil-
niné (II) u ¢tyf odrid ozimé pSenice: ‘Kavkaz” (K), ‘Jubilej-
né’ (J), 'Mironovska’' (M) a 'Zora’ (Z) .

In spite of the fact that the high yielding varieties are able to a great
degree to use soil nutrients, the most important of the intensification
factors is the proper fertilizer application, especially that of nitrogen.
Nitrogen need index for yield formation is represented first of all by the
dry matter increase and nutrient intake in individual varieties during
vegetation period. Nitrogen is favourable not only for dry matter increase
but also for the total nutrient level in plants. The appropriate nitrogen
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application is essential for promoting growth of organs, having decisive
influence on grain yield. The improper nitrogen application affects
increasing of non-productive tillering, changing of stand density and
shortening of photosynthetical productivity period.

The 'Mironovskaya’ variety in comparison to the other ones shows
lower dry matter increase from the time of emergence to tillering. But
at the time of full shooting it is reaching the greatest dry matter incre-
ments. After satisfactory wintering and in the case of appropriate fore-
crops the main period of spring nitrogen fertilizing is at the end of
tillering. (The 5th Ehase by Feekes). The variety responses well to nitro-
gen fertilization when done during tillering time. It is possible to use
this feature after worse or in weaker stands due to the worse forecrops.
The spring tillers will close the stand and the productivity of those tillers
will be good, too.

The short strawed varieties like ‘Kavkaz’, ‘Jubileynaya’ and ’Aurora’
are characterized by more intensive growth both in autumn and in
spring. During tillering and at the beginning of shooting they reach dry
matter weight and intake of N P K nutrients in rates which are double

:
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2. Influence of different application of nitrogen fertilization after clover-like (I) and
cereal (II) forecrops on grain yield (q/ha) in winter wheat varieties: ‘Kavkaz' (K),
'Jukileynaya’ (J), “Mironovskaya’ (M) and 'Zora’ (Z).
Way of nitrogen application:
O 100 %, N before sowing
/// 509, N before sowing and 509, N at the beginning of tillering (2nd-3rd
phase by Feekes)
=] 50 9, N before sowing and 509?, N at the end of tillering (5th phase by
Feekes)
m 50 % N before sowing, 259, N at the beginning of tillering (2nd-3rd phase
by Feekes) and 259, N at the end of tillering (5th phase by Feekes).
— VIliv razného zpusobu aplikace dusikatého hnojeni po pfredplodiné jeteloviné (I)
a obilniné (II) na vynos zrna (q/ha) odrid ozimé pSenice 'Kavkaz’ (K), ‘Jubilejna’ (J),
'Mironovska’' (M) a 'Zora’ (Z).
Zpusob aplikace dusikatého hnojeni:
O 100 9, N pied setim
// 50 %, N pred setim a 509, na zadatku odnoZovani (2-3 fize podle Feekese)
= 50 %, N pred setim a 50%, N na konci odnoZovani (5. fize podle Feekese)
it 509, N pred setim, 259, na zadatku odnoZovani (2-3 faze podle Feekese
a 259, N na konci odnoZovani (5. faze podle Feekese)
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as high as those of ‘Mironovskaya’ variety. Therefore the nitrogen ferti-
lization in spring is useful not only at the beginning of vegetation (2nd
—3rd phase by Feekes) but also at the end of tillering (5th phase by
Feekes). ,

By fair wintering are characterized 'Zora’, ‘Oska’ and ‘Jubilar’ varie-
ties. The high dry matter increments as early as in autumn are decisive
for yield forming. The most important nitrogen fertilization time is,
therefore, before sowing. Especially in the case of higher nitrogen dose
used before sowing it is not necessary to fertilize fairly wintered stands
on fertile soils in spring. On soils, which are not so fertile and after
less convenient forecrops it is useful to use a smaller nitrogen dose at
the end of tillering (5th phase by Feekes). In not fairly wintered stands
it is convenient to use a nitrogen dose in early spring (2nd-—3rd phase
by Feekes) in order to promote the productive tilFering (Fig. 2).

Due to the enlargement of cereal acreage and to narrowing of rota-
tions in conditions of concentration and specialization it is inevitable to
grow cereals after themselves. The most sensitive to such a forecrop is
winter wheat. Based on our results it is possible to minimize, eventually
compensate for the adverse influence of the forecrop with higher doses
of fertilizers and with manuring.

DISCUSSION

The above mentioned results point out the essentiality of the com-
plex varietal technology of growing and the importance of seeding time
and seeding rate and crop rotation and nitrogen fertilization. The varietal
technology accentuates the general importance of varietal specificity.
Therefore, in our opinion it would be useful to characterize brietly chan-
ges brought about in creation of new genotypes of barley and wheat and
the main aspects in breeding.

The main goal of breeding is to create highly productive intensive
forms resistant to lodging. The intensive type is characterized by high
yielding potential with genetic fixation, favourable reaction upon high
fertilizer doses, further intensification factor of the recent agriculture and
fair adaption to growing conditions.

Breeding almost in all cereals is aiming at plant height shortening,
the short type (70—80 cm) is enabling the most effective using of the
decisive intensification factors, i.e. high nutrient doses and irrigation.
At the same time the formation and distribution of the assimilation
apparatus, notably of the leaves in short-strawed forms are important
for better using of solar radiation in stands. Due to these outstanding
characteristics the short stemmed varieties are gaining victory all over
the world as stated by Svenson (cit. Jakubciner 1969).

Results of the breeding during the last century in this country are
pointing to the fact that in the last decade it was only due to the short-
-strawed high productive X-rayed mutation named ’‘Diamant’-variety that
it was possible to shorten the plant height almost by 40 % and to change
essentially grain/straw ratio (from 1 : 2.20 to 1 : 0.7) in favour of grain.
Also the grain yield in q/ha during the above epoch increased as much
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as threefold in comparison to the original local varieties and the first

bred ones (Fig. 3).

Breeding of varieties of the new type from the viewpoint of their
morphology and ecological adaptability which would have high yielding
capacity amounting to cca 100 q/ha and fixed in genetic manner necessi-
tates elaboration of model plant (ideotype) for the given growing condi-

tions.

The outstanding breeder of the winter wheat varieties from the Soviet
Union, Lukjané&nko, used in elaborating the plant model that of
Vavilov from 1935 (high productivity, uniformity of the tillers, high
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3. Results of the centenary aimed spring barley breeding in
CSSR. Relative values of straw weight are given in 9/, of
grain weight (I), grain yield (II), plant height (III) and stem
stiffness (IV) in 9/, of the original local varieties.

Compared varieties: 1.
2.
3.

4.
5.

6

Original local varieties

'Proskowetz Hana Pedigree’

Barley from Jarohnévice (‘Jarohné-
vicky’)

Kneifel — ‘Opavsky’ (from Opava)
"Valticky’ (from Valtice)

‘Diamant’. —

Vysledky stoletého cilevédomého S$lechténi jarmiho jeémene
v CSSR. Uvedeny relativni hodnoty vahy slamy v 9/, véahy
zrna (I), vynos zrna (II), vy$ky rostliny (III) a pevnosti stébla
(IV) v 9, puvodnich krajovych odrud.

Srovnavané odriudy: 1.

SAP LN
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mass weight and high weight of grain). The original ideotype was enlarged
by Lukjanénko, who included in it essential features of decisive im-
portance for high yielding stability i. e. disease resistance, lodging resis-
tance, winter killing resistance etc. Model of a perspective winter wheat
variety valid for the Krasnodar region would be as follows:

. short and stiff stem (70—80 cm)

. high ear productivity (kernel weight/ear about 2 g)

. great number of ear bearing tillers (400—500/m?)

. high grain productivity in % of the total biomass per area unit

. resistance to fungal diseases, especially to powdery mildew and rusts
robust and physiologically active root system

well developed assimilating apparatus having high productivity of pho-
tosynthesis

. awned ear.

According to Donald (1968) the decisive influence on plant
ideotype forming has requirements as follows:

Yo hs W N

o

— economic (yield and quality of grain)

— ecological (variety requirements for temperature, rainfall, solar radia-
tion etc.)

— phytopathological (given by the region of pest and disease harmful-
ness)

— susceptibility to chemical control (pesticides).

Breeding of short stemmed varieties in the world was done in using
starting material of dwarfed and semi-dwarfed forms from Japan and some
induced mutations. In wheat the source of short-strawedness was 'Norin 10’
on the base of which the first short-strawed variety ‘Ordito’ in the 20’s .
had been bred. It was the high yielding short-strawed variety ‘Bezostaya 1/,
taking the first rank concerning acreage and yield in the world, which
in some degree took part in the pedigree of Ordito. At present it is the
most used variety as a genetic source of high productivity and lodging
resistance.

Great success in breeding spring barley for short strawedness and
productivity is shown by the variety ‘Diamant’. Based on that variety the
range of perspective varieties like ’Ametyst’, ‘Favorit, ‘Hana’, 'Trumpf’
were released in this country and in GDR. '‘Diamant’ variety is being lar-
gely used as a genetic source in the most recent breeding programmes in
all European countries. The Diamant-like varieties differ highly signi-
ficantly from the varieties of classical type ('Valticky’) in being more
lodging resistant, more yielding and in more effective utilization of ferti-
lizers for grain production.

Further stage in spring barley breeding in this country was creating
of short-strawed variety of intensive (nitrogenous) type. These new bred
varieties are outstanding in their yielding capacity. In the field experi-
ment using slowly acting nitrogen in favourable climatic conditions in
1974, 'KM 1192’ yielded more than 100 q of grain per ha. This line is
characterized by rapid enlargement of assimilating leaf area and high
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photosynthesis rate in early vegetation, long period of active assimilation
(outstanding health of plants) and high capacity in intake of mineral
nutrients during ontogenesis (Leke3d at al, 1973).

It is obvious that the above demanded features and characteristics
of highly yielding varieties can be valuable only in the respective gro-
wing conditions. Just the best harmony between ..demands“ of individual
varieties and the actual conditions, created to a certain degree by ind!.i-
dual conditions of nutrition and cultural practices means the decisive
condition for gaining high yields. And this is the main goal of the com-
plex varietal technology of cereal growing.
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‘ovani vysoce vynosnych odrid jarniho jeémene a ozimé pdenice. Rostlinnd vyrobu
(Praha) 21 (8) :861-873, 1975.

Je podan piehled vyzkumu provadéného ve VUOb v ramei Mezinarodniho biolo-
gického programu. Vyznamny vzestup vynost zrna v 7SSR byl zplsoben hlavné
zavedenim novych vysoce vynosnych odrud, vy3§imi ddvkami minerdlnich hnojiv
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a chemickych latek proti plevelim, chorobdm a $kiidcim a v neposledni radé uplat-
nénim komplexni odrudové technologie péstovani., Jsou popsany zaklady fyziologické
charakteristiky jednotlivych odrid a jeji vyuziti pii sestavovani technologie pésto-
vani, Diskutovany jsou i zmény, které charakterizuji vyvoj Slechténi obilnin v uply-
nulych 100 letech.

jarni je¢men; oziméa p$enice; fyziologie; ekologie; agrotechnika; odrudy
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arpoTeXHMKa BBICOKOYPOXKAiHEIX COPTOB APOBOro suMeHs M osumold mmuenmnsl. Rostlinna vyroba
(Praha) 21 (8): 861-873, 1975.
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10M 3epHOBOTO XOSAMCTBA Ha OCHOBe MeXIyHapOnHOK 6HONOrHYecKOd HpOrpaMMEl. 3HAUMUTENHHOE
nospimenue ypokaes sepHa B UCCP nOCTHIHYTO B OCHOBHOM 3a C4eT BHEIDEHHs HOBBIX BBICOKO-
yPOXaMHEIX COPTOB, MCHONB3OBAHUA 0GoJee BBHICOKHX HOPM MHHEpAaJNBHBIX yHOGpeHMit u A10XHU-
MHUKaTOB B 60Ophbe C CODHOH DPaCTHTENBHOCTHIO, GONESHAMM ¥ BPENHUTENAMH, a TaKXe NyTeM Ipu-
MEHEeHHS KOMILIEKCHOM COPTOBOM arpoTexHuMKH. ONMCHBAOTCA OCHOBHI (PUSHOJOrHYECKOH XapakTe-
PUCTHKM OTHENBHBLIX COPTOB ¥ €e NPUMEHEHHe I COCTABNEHHS TEXHONOTHM MX BO3NE/BLIBAHUA.
ObcyxnaloTcs TaKKe CHOBHTHM, XapakTepHble IUIA PasBHTHA CeJeKIHM SEpHOBHIX KyJIbTyp 3a
mocjenHee CTOJeTHe.
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Vybér z novych prirustka
Ustiedni zemédélské a lesnické knihovny UVTI

z useku rostlinné vyroby

Uvedené publikace je mozné si zapujc¢it osobné nebo pisemné v UZLK,
vypujéni oddéleni, 12056 Praha 2, Slezska 7. Vypujéni doba: pondéli
az patek od 9 do 18 hodin. U kazdé zadané publikace uvedte signaturu.

E 36.369
Azot v zemledelii necernozemnoj polosy. Leningrad; Kolos 1973. 329 s.
obr. tab. (Dusikaté hnojeni — metody — prlrucky ' Dusik — puda —
pretvareni — prirucky). ]

D 63.862
Fertilizer nitrogen. Its chemistry and technology New York, Reinhold
publ. Co. 1964. 424 s. obr. tab. (Dusikatd hngjiva — sborniky -— USA).

Stevenson, C. K. "~ C22.993/2
Nitrogen fertilizer materials. Ottawa, Canada Min. of agric. and food
1974. 2 s. 2 tab. Factsheet 2. (Dusikata hnojiva — letaky).

Frizen, H. W. D 31.783/377
Fliissige Stickstoffdiingung. Bonn, Land- u. hauswirtschaftl. Auswertungs-
u. Informationsdienst (1974). 23 s. 10 obr. tab. AID 377. (Hnojiva dusi-
katd — tekutd — hnojeni — mechanizace / Hnojiva lekutd — dusikata
— skladovani).

Bengtsson, A. D 39.343/223
Kombinerade sort- och kviavegodslingsforsok med hostvete. — Grain
vield and quality of winter wheat cultivars fertilized with different
amounts of nitrogen. Uppsala, Lantbrukshogskolan 1974. 33 s. 14 obr.
16 tab. Lantbrukshogskolans meddelanden nr. 223. (PSenice ozima —
hnojeni dusikaté — vyzkum / PSenice ozima — Jakos* — hnojeni dusi-
katé — vliv — vyzkum — Svédsko).




PHYTOMASS PRODUCTION IN CEREALS CULTIVATED
IN MONOCULTURE

P. STRNAD

STRNAD P. (Institute of Genetics and Breeding, Research Institutes for Plant
Production Praha - Ruzyné, Research Station of Plant Production, Céslav). Phy-
tomass Production in Cereals Cultivated in Monoculture. Rostlinna vyroba (Pra-
ha) 21 (8) : 874-883, 1975.

On illimerized chermozem at Caslav (sugar-beet growing region) summer barley
cv. Diamant was grown in four years lasting monoculture as 9th-12th cereal in
crop rotation of cereals only. Its average phytomass production achieved 5.23 t.
.ha-1 and 7.92 t.ha-! in non-fertilized and intensively fertilized variants, respec-
tively. Dry-matter production in summer barley after sugar beet reached in the
average of four years 5.29 t.ha-! and 7.73 t.ha-! on non-fertilized and pro-
perly fertilized plots, respectively. Increase in phytomass production, however,
was not explicit, being considerably variable in individual years. As compared
with monoculture, summer barley after sugar beet proved more favourable dry-
-matter differentiation in favour of the main product, while in the monoculture
of long-term cereal rotation rather the by-product mostly shared in increased
phytomass production. Winter wheat cv. Jubilar, when grown in four years
lasting monoculture as 9th-12th cereal in rotation of cereals only, produced 4.86
and 7.51 t.ha-1 of the phytomass in non-fertilized and intensively fertilized
variants, respectively. In a crop rotation after horse bean, phytomass production
in non-fertilized winter wheat achieved 7.49 t. ha-! while under optimum ferti-
lizing 8.85 t.ha—-1. Only in some years a considerable reduction was observed
in monoculture under intensive fertilizing. Inserting non-fertilized winter wheat
after horse bean or cultivating winter wheat in intensively fertilized monocul-
ture resulted in equal phytomass production. As compared with monoculture,
the increased phytomass production in winter wheat after horse bean concerned
first of all the main product, dry-matter production of the by-product re-
maining rather unchanged.

° summer barley; winter wheat; monoculture; phytomass production -

Self-sufficiency in food production has become one of fundamental
tasks of present agricultural science the results of which have been
already intensively exploited in farming practice. To solve this task it is
necessary to approach, in a complex, essential ]iroblems of energetic
processes. Analysing the production Erocesses in plants has thus proved
more and more urgent, because the high phytomass production is to be
achieved namely by means of maximum exploiting vegetation factors to
ensure optimum transportation of assimilates into agriculturally important
parts of plants (Petr 1971, a, b). It is clear that great reserves exist in
production potential as to localities and individual crops, which can be
influenced in considerable extent by the farmer (Cerny 1974). Main
reserves consist in optimum complex of external as well as inner factors
in given ecosystems; this is, of course, highly dependent on degree of
information. Under conditions of the CSR phytomass production of field
crops was evaluated by Hrudka (1973) and K¥i§tan (1973). Pro-
duction potential of crops in monocultures has been discussed in world
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literature rather intensively, mainly from the point of view of crop yield.
This paper has been intended to study the total phytomass production
in two main cereal crops as winter wheat and summer barley under the
conditions of monoculture.

LOCALITY AND METHODS

In linkage to polyfactorial field experiments established in 1963, monocultures
of summer barley (cv. 'Diamant’) as well as winter wheat (cv. “Jubilar’) were in-
vestigated at Caslav in the period of 1971—1973. Two variants of monoculture, na-
mely fo- non-fertilized and f2- with an increased rate of N, were compared with cont-
rols represented by usual crop rotations as follows: summer barley after sugar beet
and winter wheat after horse bean. Fertilizing variants in both crop rotations are
given in Table I.

I. Rates of fertilizing with commercial fertilizers. — Intenzita hnojeni prumyslovy-
mi hnojivy
Rates of fertilizers in kg of nutrients
Year Monoculture of cereals per ha
(total number of years)
N P K
SUMMER BARLEY
1971 9 70 31.7 116.2
1972 10 80—100 31.7 116.2
1973 11 100 31.7 116.2
1974 12 100 31.7 116.2
1971 — 2
1974 after sugar beet 40 19.8 66.4
WINTER WHEAT

1971 9 70— 80 31.7 116.2
1972 10 110—-130 31.7 116.2
1973 11 130—150 31.7 116.2
1974 12 150—170 31.7 116.2
1971 —
1974 after horse bean 60 19.8 74.7

Both monocultures — of summer barley as well as winter wheat — were insert-
ed into rotation of cereals only as the 9th—12th cereal crop.

Experimental plots were 3 X 5m; five replications were employed for harvest
purposes while the sixth one served for sampling. At harvest time determined dry-
-matter amounts were then converted to ascertain the total phytomass production.

In 1974, data on growth characteristics were determined from the area of 3
rows 50 cm appart, in the intervals of 10—14 days. Leaf area was determined by
the use of planimetry.

Characteristics of the Caslav locality is given in the paper by Cerny (1957).
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Survey on weather conditions in the months of March—July:

Year Temperature in °C Rainfall in mm Sunshine in hrs
1971 12.1 338.5 877.1
1972 13.1 316.6 950.0
1973 12.1 297.9 835.9
1974 12.7 272.2 816.1

EXPERIMENTAL RESULTS
Summer barley

In the average of four years lasting monoculture of summer barley
that had been cultivated as 9" —12'" cereal in rotation of cereals only,
dry-matter production in the phytomass of summer barley (W) attained
5.23 t.ha~! in the course of vegetation period. The respective value for
summer barley cultivated after sugar beet was 5.29 t.ha='. The average
difference in favour of the variant summer barley after sugar beet was
thus negligible; it fluctuated, however, considerably in individual years,
being in the variant after sugar beet twice higher (by 19.2 % and 16.7 %),
and twice lower (by 31.7 % and 10.8 %).

In spite of the fact that the total phytomass production was practically
not divergent, differentiation took place in the yield formation. As com-
pared with monoculture, dry-matter of grain in summer barley after su-
gar beet was by 230 kg.ha~! higher; in contrast to it, dry-matter of straw
was in monoculture by 170 kg.ha~-"! higher.

Under intensive fertilizing, phytomass production of summer barley
in monoculture attained on an average 7.92 t.ha~! while after sugar beet
7.73 t.ha='. The increase in phytomass production in monoculture was
not, however, regular, being in three experimental years by 1.3-2.6 %
lower and in on eyear by 16.2 % higher. Similarly as on non-fertilized
plots, also in intensively fertilized variants dry-matter production in
grain was on an average by 70 kg.ha-! lower in monoculture and, in
contrast to it, dry-matter production in straw was by 260 kg.ha~' higher.
Similar results concerning the differentiation of the phytomass were
obtained also in individual experimental years, except for the year 1971.
In this year, the lower grain yield of both variants after sugar beet
reflected the high yields of sugar beet precrop, and thus lower residues
of N after sugar beet. Lower dry-matter production after non-fertilized
sugar beet in 1974 may be explained by more intensive nutrient uptake
from soil reserves in given crop rotation in which also other crops than
cereals were inserted.

The average daily gain in dry-matter of the phytomass in summer
barley (C) per vegetation period attained in the average of four years las-
ting monoculture without fertilizing, 42.9 kg.ha='.day~', while after sugar
beet on an average 42.4 kg.ha~'.day~! (Table II). On non-fertilized plots,
the average daily dry-matter gain decreased with increasing number of
years of monoculture; decreases in average daily dry-matter gains were
observed, however, even in non-fertilized summer barley in usual crop
rotation after sugar beet since 1972.
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II. Dry matter production of the phytomass (W) and average daily gains in phyto-
mass (C) of summer barley. — Produkce su$iny biomasy (W) a pramérny denni pfi-
rustek biomasy (C) u’jarniho jeémene

[ Monoculture After sugar beet Relation in 9%, to
variant after sugar
Year | Variant % ' C W C beet = 100
| ¢t . ha-t |K8- ha-1, ¢ . had kg . ha-!.
f ’ . day! ’ . day! w C
fr |
1971 f, 6.02 51.0 4.57 39.0 131.9 130.8
i‘ f, 8.37 70.9 7.20 61.5 116.2 115.3
| 1972 £y 5.50 45.4 6.81 51.6 80.8 88.0
fa 7.86 64.9 8.07 61.1 97.4 106.2
1973 £, 4.48 36.7 5.38 44.5 83.3 82.5
f, 6.97 57.1 7.07 58.4 98.6 97.8
1974 fo 4.90 38.6 4.42 34.5 110.8 111.9
f, 8.49 66.8 8.60 67.2 98.7 99.4
1971 — f, 5.23 429 5.29 42.4 98.7 101.2
VY f, 7.92 64.9 7.13 62.0 | 1024 | 1047
[ S
L = /monoculture
. i monoculture ha -
30— 2 hip = o s e
ho=— — — ha- control
e control 6l
20— 54—
- 7/
2 L
b €
€ 101 / / / 2
& A’ .
v 3
(S 2
1
-10—
Ligg g bog g Py - 0 1 1 ] 1 1
4 5 6 7 5 6

1. Average daily gains in dry-matter of 2. Leaf area indices (LAI) in summer
the phytomass (C) in summer barley in barley. — Pokryvnost listovi (LAI) u jar-
the course of vegetation period. — Prti- niho jeémene

meérny denni piirustek suiny biomasy :

(C) béhem vegetace u jarniho je¢mene,
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Under intensive fertilizing, the average daily dry-matter gain (C) per
vegetation period in summer barley, when cultivated for 4 years in mono-
culture, attained 64.9 kg.ha-'.day~?, while the variant after sugar beet
achieved 62.0 kg.ha='.day~! in the average of four years. In the first two
years the average daily gains in dry-matter were higher in summer barley
under monoculture while in two subsequent years in summer barley
after sugar beet.

In the course of vegetation period of 1974, daily gains in dry-matter
attained their maximum values in the first and second decades of June on
nonfertilized variant after sugar beet (24.2 g.m-%.day~!); later on, a very
fast decrease took place. The lowest daily dry-matter gains were observed

in non-fertilized summer barley in

T monoculture. In both variants of
a0 hy - e mOM06UMure | monoculture as well as in non-fer-
o o tilized variant after sugar beet, daily
Jer——— dry-matter gains proved an increas-

ing tendency with proceeding vege-
tation period (Fig. 1).

2001~ The development of leaf area
index (LAI) in summer barley after
5 sugar beet was very interesting hav-
& ing attained in 1974 its maximum
value in both variants in the third
decade of May (5.76 - 6.26 m* .m~?);
100}~

after this period a very fast decrea-
se followes in non-fertilized variant,
while on a fertilized plot, decrease
in leaf area index was much slower.
In monoculture, leaf area index
reached its maximum (4.14 m*>.m~?)
e Lot 1w 1l on fertilized variant even in the first
4 5 6 7~ decade of June; the throughout lo-
3. Dry-matter in leaves (W) in summer West leaf area index was noticed in
barley. — Susina listd (W1) u jarniho je¢-" non-fertilized monoculture. The ma-
e ximum development of leaf area in-
: - - dex was by about 18 days delayed.
In 1974, a similar course was noticed also in the dry-matter of leaves
(W.) (Fig. 3); its maximum values were attained in the third decade of
May, namely in fertilized variants after sugar beet (265 g.m~?) and in
monoculture (170.5 g.m~%); on non-fertilized plots the respective values
were 224.6 g.m~? after sugar beet and 136.4 g.m~? in monoculture.

Winter wheat

Data on the total overground dry-matter phytomass production in
winter wheat (W) per vegetation period are given in Table III. In the
average of four years lasting monoculture which was inserted as the 9™
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— 12" cereal in rotation of cereal crops, the amount of 4.86 tha-! was
produced. Phytomass production of non-fertilized winter wheat after horse
bean in usual crop rotation attained 7.49 t.ha~! in the average of four
years. Thus in the monoculture of winter wheat the phytomass production
was reduced by 2.63 tha-!, i. e. by 35.1 %. In the total reduction of
phytomass groduction, the main product shared 59 % while the by —
product 41 %. Decrease was considerable as well as explicit in all expe-
rimental years.

III. Dry-matter production of the phytomass (W) and average daily gains in phyto-
mass (C) of winter wheat. — Produkce su$iny biomasy (W) a primérny denni pri-
rustek biomasy (C) u ozimé pSenice

Monoculture After sugar beet Relation in %, to
variant after sugar
Year Variant C C beet = 100
W =, W -1
&, gl kg . hat. . hast kg . ha!.
' . day! ' . day! A\ C
1971 £y 5.26 18.3 8.06 28.0 65.3 65.3
fy 6.04 21.0 10.10 35.1 59.8 59.8
1972 fo 5.25 18.0 7.88 27.0 66.6 66.7
fy 8.79 30.1 8.77 30.0 100.2 100.3
1973 £, 3.88 13.7 5.51 19.0 70.4 72.1
fa 7.26 25.6 6.62 22.8 109.7 112.3
1974 fo 5.06 17.4 8.53 29.3 59.3 59.4
fy 7.96 27.3 9.93 34.1 80.2 80.0
1971 — £, 4.86 16.8 7.49 25.8 64.9 65.1
T £, 7.51 26.0 8.85 305 84.8 85.2

Under intensive fertilizing the phytomass production of winter wheat
in monoculture was expressively increased having attained on an average
7.51 tha~'. Though this rate of production exceeds considerably the pro-
duction of non-fertilized variant, it attained, however, only the phytomass
production of non-fertilized variant after horse bean. In contrast to it,
the maximum phytomass production in winter wheat (8.85 t.ha=!) was
obtained on fertilized variant in crop rotation after horse bean. As com-
pared with monocultural cultivating, the total average dry-matter produc-
tion of the phytomass in fertilized winter wheat, when inserted into crop
rotation after favourable preceding crop, was increased by 1.34 tha~!,
i. e. by 15.2 %. It is of special importance that above all the main product
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participated in this increase, dry-matter production of the by-product re-
maining almost unchanged.

As compared with the crop rotation with horse bean, the total phyto-
mass production in fertilized winter wheat in monoculture did not prove
any decrease in the average of all years; this was caused by a number
of other factors that influenced to a various extent the production in
individual years.

In non-fertilized winter wheat in monoculture the average daily gain
in phytomass production (C) per vegetation period achieved on an ave-
rage 16.8 kg.ha~'.day~'. When winter wheat had been cultivated after
horse bean, the respective value was on an average 25.8 kg.ha '.day !
the increase representing 15.4 % (Table III).

After the application of commercial fertilizers dry-matter gains in
phytomass were considerably higher, having attained in monoculture and
in wheat after horse bean on an average 26.0 and 30.5 kg.ha~'.day',
respectively. The average daily dry-matter gain in non-fertilized winter
wheat after favourable preceding crop was almost equal to that in mono-
culture under intensive fertilizing. The maximum average daily gain in
phytomass produced in individual years (the length of vegetation period
being almost equal) responded, as a rule, to a higher crop yield.

Total dry-matter production in straw of intensively fertilized winter

wheat was on an average very close to that of winter wheat after horse
bean (difference being 0.21 t.ha-!)
while the difference between dry-
-matter production in grain was on
an average 0.78 t.ha~".
A Under intensive fertilizing a de-
\ creasing tendency in total dry-matter
\ production with increasing number
of years of monocultural cultivating
was apparent; variations between
experimental years were, however,
remarkable.

In the course of vegetation pe-
riod of 1974, maximum daily dry-
‘matter gains were ascertained in
winter wheat after horse bean
(46.3 g.m~? and 36.1 g.m~?%) in the
third decade of June, while the
lowest daily gains were observed in

'

401

30—

monoculture

tonttol 4. Average daily gains in dry-matter of
-0l 2" the phytomass (C) in winter wheat in the

. A course of vegetation period. — Prumér-
L ny denni piirastek suginy biomasy (C) bé-
hem vegetace u ozimé pSenice
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5. Leaf area indices (LAI) in winter 6. Dry-matter in leaves (W1) in winter
wheat. — Pokryvnost listovi (LAI) u o- wheat. — Susina listi (W1) u ozimé pSe-
zimé psenice nioce

non-fertilized winter wheat in monoculture, maximum values (9.95 g.m~2)
being noticed in the third decade of May (Fig. 4).

Development of leaf area index (LAI) of winter wheat in the course
of vegetation period of 1974 is given in Fig. 5. Maximum leaf area indices
were achieved in the first decade of June on fertilized variants; in mono-
culture and after favourable preceding crop the respective values were
5.83 m m~? and 5.93 m®2.m~2% Later on, leaf area index decreased consi-
derably. Non-fertilized monoculture proved the lowest values of leaf area
index. :

Dry-matter in leaves (W.), as given in Fig. 6, attained its maximum
in the second decade of May 1974; in intensively fertilized winter wheat
after horse bean, and in fertilized monoculture the values obtained in the
first decade of June were 266.0 g.m~? and 215.4 g.m~?, respectively. Again
the lowest dry-matter production of leaves was ascertained in non-fertilized
monoculture.

DISCUSSION

Phytomass production in summer barley on illimerized fertile cher-
nozem proved practically equal values, when barley was cultivated for
four years in monoculture under intensive fertilizing, as when cultivated
after sugar beet under optimum intensity of fertilizing. Although phyto-
mass production in the monoculture fluctuated in individual years, being
sometimes even lower than after sugar beet, decrease did not attain but
2.6 %. In no case, however, the maximum phytomass production of sum-

882 ROSTLINNA VYROBA — 1975



mer barley in monoculture could ensure equal grain production as in
barley after sugar beet. It is of great importance that pﬁytomass produc-
tion in summer barley after sugar beet and in monoculture was diffe-
rentiated; this indicates, in consent with Cerny (1974), a dependence
on other external factors. This suggestion was supported e. g. by the posi-
tive effect of saturation fertilizing with P, K described in the paper by
Strnad (1974). This is also in consent with findings by Cooke
(1970) who recommended to apply higher rates of all essential nutrients
(N, P, K) in growing of cereals, mainly at the beginning of vegetation
period. We suppose that, providing the other factors are at their optimum,
much higher yields might be produced by improving the stage of plant
nutrition which had limited the phytomass differentiation. It may be
emphasized, however, that limiting factors considerably differ in indivi-
dual years, even at similar localities.

In spite of intensive fertilizing, phytomass production in winter wheat
was considerably lower in monoculture than in wheat after horse bean.
The reduction is remarkable (15.2 %) and represents a considerable loss.
The positive effect of favourable preceding crop on dry-matter in grain
may be especially emphasized.

Data on reduced total dry-matter production in the phytomass of
winter wheat under monoculture are in consent with latest findings on
impossibility of favourable preceding crop to be substituted (Cerny et
al., 1972). The fact is of great importance that first of all main product
shared in increased phytomass production in wheat after favourable pre-
ceding crop. This indicates the necessity of complex investigating the
problems of transportation of assimilates into agriculturally important
organs of plants, inclusive of studies on analyses of growth dynamics as
well as claims of crops to uptake and exploiting nutrients in the course
of onthogeny, etc.

References

COOKE, G. W.: Soil fertility problems in cereal growing in temperate zones. Proc.
of the 9th Congr. of the Int. Potash. Inst. Antibes, 1970, p. 123-133.

CERNY, V.: Problémy priméarni produkce v podminkiach koncentrace rostlinné vy-
roby. Referat ma zasedani 1. a II. odboru CAZ o ekosystémech 1974, Praha.
CERNY, V. a kol.: (The Contribution of Some Cultural Practices to the Yields of
Field Crops). Rostlinna vyroba, 18, 1972, No 9, p. 905-916.

HRUSKA, L.: Porovnani produkce hlavnich plodin v podminkédch jiZzni Moravy.
Uroda, 21, 1973, No 12, p. 453-456.

KRISTAN, F.: Vliv raznych agrotechnickych opatfeni na produkci biomasy na hné-
dé ptidé a &ernozemi. [ZAvére¢nd zprava.] Praha - Ruzyné, 1973, 55 p. VORV.

PETR, J.: Obilni problém a jeho feseni v CSSR. Institut pro vzdélavani pracovniku
v zemédélstvi a vyzivé Praha, 1971 a., 147 p.

PETR, J.: Nékterd hlediska tvorby vynost obilnin. Genetika a $lechténi, 7, 1971 b,
No. 1, p. 1-12.

STRNAD, P.: Studium moZnosti regenerace pudni urodnosti jako disledek jejiho
jednostranného vyé¢erpani. [Zavére¢nd zprava.] Praha- Ruzyn&, 1974, 52 p. VORV.
VRKOC, F.: Vliv nékterych agrotechnickych opatfeni na produkeci biomasy na hné-
dozemi. [Z&véreéna zprava.] Praha - Ruzyn&, 1974, 33 p. VURV.

8. 4. 1975

ROSTLINNA VYROBA - 1975 883



STRNAD P. (Ustav genetiky a Slechténi, VURV Praha - Ruzyné, Vyzkumna stanice
rostlinné vyroby, Caslav). Produkce biomasy obilnin pfi jejich péstovam v monokul-
ture. Rostlinna vyroba (Praha) 21 (8) : 874-883, 1975.

Na illimerizované ¢éemozemi v Céslavi v fepaiském vyrobnim typu dosahla u jarni-
ho je¢mene odriida 'Diamant” ve ¢tyrleté monokulture v osevnim sledu jako 9—1i2
obilnina v priméru produkce biomasy bez hnojeni 5,23 t.ha-!. Produkce biomasy
jarniho je¢mene, ktery byl zarazovan po cukrovce dosahla ve ¢tyrletém priuméru bez
hnojeni 5,29 t.ha-!, pfi optimalnim hnojeni 7,73 t.ha-1. Vy$§i produkce biomasy
nebyla vSak jednozna¢na a v jednotlivych letech zna¢né kolisala. U jarniho jeémene
po cukrovce bylo dosazZeno proti monokultufe priznivéjsi diferenciace ve prospéch
susiny hlavniho produktu, zatimco v monokultufe v dlouhodobém obilovinovém sledu
se na vys$si produkci biomasy podilel vice vedlejsi produkt. Produkce biomasy ozimé
psenice odruda 'Jubilar’ ve étyrleté monokultuie v osevnim sledu jako 9—12 obilnina
dosdhla v pruméru bez hnojeni 4,86 t.ha-1!, pfi intenzivnim hnojeni 7,51 t:ha-1
V osevnim sledu po bobu bez hnojeni produkce biomasy dosahla 7,49 t.ha-1, pti
optimalnim hnojeni 8,85 t.ha-!, K podstatnému sniZeni do§lo v monokultufe pti
intenzivnim hnojeni pouze v nékterych letech. Stejnd produkce biomasy byla dosa-
7zena pri zarazovani ozimé pSenice bez hnojeni po bobu jako pfi intenzivnim hnojeni
v monokultuie. Na vys$si produkci biomasy ozimé pSenice se po bobu proti monokultu-
e podilel hlavni produkt, produkce susiny vedlej$iho produktu se podstatnéji nezmeé-
nila.

jarni je¢men; ozima psenice: monokultury; produkce biomasy

CTPHAI TI. (MucTHTYT TeHeTuku u ceneknuu, Ilpara - Pyamine, Hayuro-uccienoparessckas
cranuus pacrennesoncrea, HUUWP, o6wekr UYacnas). Tlpomykmmsa 6momacchl 3epHOBBIX nNpH WX
Bh/pamMBaHuy B MOHOKynbType. Rostlinnd vyroba (Praha) 21 (8) : 874-883, 1975.

Ha nnnumepusopaHHOM uepHO3eMe UYacnaBa, B CBEKJIOBONYECKOM TPOM3BONCTBEHHOM THIe, B 4-etT-
neif MOHOKyJBType ceBoofOpoTa, B KagecTse 9—12-% sepHOBONM KyJBTYpHl fp. SYMEHH COpTa
‘IlnaManT’ nan CpelHIOW MpOIyKumuio Gumomacckt = 5,23 T.ra—l, a npum WETeHCHBHOM MuHepATb-
oM ynobpernmn 7,92 t.ra~l. B cpemHem mo 4 romaM TpOXyKOMsA 6MOMaccH fp. AUMEHA TMOCTe
cax. cpekan fes ynobpenus cocrasmna 5,29 T.ra—l, a B ycnoBmax onrHManbHOrO yHOGpeHHs
7,73 T.ra~l. Bonee BHICOKas NpPONYKOWA yKe He eIMHOSHAYHA W 3HAUMTENBHO HePABHOMEpHA
no roxaM. Pasuuia npONyKIWHM fAp. SIMEHs IIOCJe Cax. CBEKJH TOBOPHUT B IOJNB3Y CYXOrO BellecTsa
TJaBHOTO TpPONYKTa, TOTAa KaK B MOHOKYJBType B paMKaxX IOJTOCPOYHOTO SEepPHOBOTO CeBOO6O-
pora Gompmmit % Gmomaccst npmxomuTcs Ha nOGOuHBe TpONYKTH. Ilpomykumms 6moMacck 03.
mmeruns copra ‘IO6masp’ B 4-neTHet MOHOKyasType B mopsake 9—12-s sepHOBas KyJubTypa
cocrasuna B cpenneM 6es yno6perms 4,86 T.ra—l, a npm mmTencmsHOM ymobpermu 7,51 T .ra~l.
B cesooGopore mocne 606a Ges ymobpenms mpomykmus 6momaccer mocturia 7,49 T.ra~l, a npm
onruMansHoM ynobpermn 8,85 T.ra—l. Jlumes B HEKOTOpHIE TOME NPH WHTEHCHBHOM yHOGpeHMM
MOHOKYJBTYPHl NpPONYKIUMs 6HOMACCHI PesKO COKpamanach. Takas >Xe NPONYKIHs 6GUOMaccsl IO-
CTHTHyTa TpPH BKIIOYeHHH 03. nmeHuns 6es ynobpenns nocre 606a, Kak ¥ NPH MHTEHCHBHOM
yno6peEuE MOHOKyJbTyph. Hamfomsmas mnpomyxkmms 6moMmacchl ©03. mmeHmOE mocae 6o6a (mo
CpPaBHEHHIO C MOHOKYJBTYpPOH) NPHXONMTCA HAa TIJABHBIA TNPONYKT; MPONYKIMA CYXOTO BeNecTBa
1noGoYHOro mponykra ocraercs Ges pesKMX M3MeHeHHir.

APOBOM AYMEHb; O3UMasg NINEeHWIa; MOHOKYJBTYDhI; NPONYKIHsA 6HOMAacCh
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PHOTOSYNTHETIC PRODUCTIVITY OF TALL AND DWARF
VARIETIES OF PEA (PISUM SATIVUM L.)

J. PETR

PETR J. (University of Agriculture, Praha). Photosynthetic Productivity of Tall
and Dwarf Varieties of Pea (Pisum sativum, L.), Rostlinnd vyroba (Praha) 21
(8) :885-895, 1975.

In three-year experiments the productivity of dwarf and tall varieties of pea
was investigated by means of classical growth analysis according to the methods
of the International Biological Programme. The experiments showed that tall
pea varieties were characterized by a fast rate of dry matter production at the
early stage of growth, whereas in dwarf varieties higher productivity of the
dry matter was observed at the stage of fruit and seed formation. Dwarf va-
rieties of pea are more economical in their dry matter distribution. Both groups
of varieties were found to produce almost the same amount of dry matter, tall
ones, however, deposited a large proportion of dry matter in their stems and
leaves, which is convenient for their utilization as green matter. Dwarf varieties
have a substantially lower proportion of dry matter in stems but, as they have
more branches, these participate to a larger degree in total dry matter than in
the case of tall varieties. In dwarf varieties, however, the proportion of dry
matter in generative organs is important. It exceeds 509, of total dry matter.
In tall varieties it is by 10 9/, lower. Leaf area index was higher in varieties with
long stems, but dwarf varieties exhibited higher values of leaf area index at the
generative stage. A positive significant correlation was found between leaf area
duration and the fruit and seed forming stage and the yield of seeds. The net
assimilation rate was higher in dwarf varieties. A higher yielding capacity of
dwarf seed pea, as compared with tall varieties, was due to a more economical
distribution of assimilates in favour of generative organs, higher values of leaf
area duration (LAD), net assimilation rate (NAR) and, consequently, higher dry
matter production at the stage of pod and seed formation. In addition to these
production characteristics the productivity of dwarf pea is due to a lesser depen-
dence on external conditions as regards the reduction of generative organs.

pea; dwarf and tall varieties; yield formation; growth analysis; photosynthetic
production

Pulse crops with their high protein content of their seeds occupy
an outstanding place in the protein programme of both world and Czecho-
slovak agricuﬁure. In regions of Central and Northern Europe it is pea
that is of great importance in this respect. That’s why in the last 15 years
great attention has been paid by researchers to the processes of produc-
tivity in various varieties of pea. Until the time when dwarf varieties of
pea were selected in Holland, tall varieties were grown with stems as
long as 120—180 cm. In this paper attention has been focussed to the
study of photosynthetic productivity of both varieties.

According to Sestdak and Catsky (1966) the study of photo-
synthetic productivity is based on the biomass increments which are con-
ditioned by the size of assimilation leaf area, the duration of the function
of assimilation area and the intensity of photosynthesis and the activity
of the root system.
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The optimum size of the assimilation area, according to Popov
and Gor3ikov (1966) in the variety Torsdar is 5 m? per 1 m? of
land. Kornilov (1968) states for early varieties and the yield level
of 40—-50 g/ha that the leaf area index is 7—9 m%:m~% Like in cereals
the rate and duration of active assimilation area during the generative
period will be of importance in pulse crops as well.

An overall picture of the production processes in pea can be obtai-
ned by growth analysis. However, the relationship between the biological
vield and commercial yield in pea, like in all cereals, is very complex

ecause the yield organs lie inside the assimilation organs and they them-

selves assimilate as well. At the same time, the formation of generative
organs is apparently highly dependent on external conditions and the
results is a strong fluctuation in their reduction (Petr 1974).

MATERIAL AND METHODS

The basis of the method of the study of production processes was growth ana-
lysis of three varieties of pea: (1) 'Raman’ — a dwarf variety with large green seeds;
(2) 'Liblice bastard’ — a tall variety with middle-sized seeds, an older variety as
a typical representative of the varieties grown up to now in Czechoslovakia both for
seeds and green matter; (3) "Pyram’ — a latest tall variety with large yellow seeds.

The trials were carried out in the years 1967 — 1969 at Uhiinéves research sta-
tion of the University of Agriculture in Prague, situated in the sugar-beet growing
region with annual rainfall of 567 mm (during the growing season 384 mm). The
yvearly average of temperature during the day is 8.5°C, during the growing season
14.8 °C. The soil is of the clayloam type.

The trial itself was conducted by the split-plot method. The sowing rate was
100 viable seeds per 1 m? in rows with 12.5 spacing. The number of plants that came
up differed in individual varieties and years. In 1967, 70 plants per 1 m? of the
’Raman’ variety and 90 plants of the 'Pyram’ and ‘Liblice bastard’ varieties respec-
tively were taken as the basis for the calculation of the values for growth analysis.
In 1968 it was 100 plants of all three varieties and in 1969 it was 110 plants per 1 m2
Growth analysis was performed according to the method of the International Bio-
l<f>gti}<1:al Programme, as the research task was a part of the Czechoslovak programme
of the IBP.

The samples were collected in 10-to-11-day intervals and, if the dry matter in-
crement of one collection exceeded 100 Y, the interval was shortened to 7 days.

Besides the dry matter increment (W) also dry matter of individual organs was
measured as well as assimilation areas (A) determined by means of the photoplani-
meter. On the basis of these values individual characteristics of growth analysis were
calculated:

(1) RGR — (relative growth rate)

(2) NAR — (net assimilation rate)

3) C — (crop growth rate)

(4) LAI — (leaf area index)

(5) LAR — (leaf area ratio)

(6) LAD — (leaf area duration)
The formulae used are quoted in the Review of the methods of growth analysis
(Sestak, Catsky, 1966 and Kvét, Nedas and Ondok, 1971). The weather
data during the trials are given in Figs. 1, 2, 3.
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ta (2) a globalni zaeni (3) mezi jednotli-
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cally active radiation (2), temperature (3),
and global radiation (4) between collec-
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RESULTS

Dry matter increments in individual varieties are given in Figs. 4 and
5. A faster rate of dry matter production can be observed in tall varieties.
The dwarf variety Raman started with a slower rate of overground bio-
mass production, but later on, when seeds developed, its dry matter incre
ments were higher, except in the year 1969.

wei=x LIBLICKY BASTARD

oo RAMAN
»—-—x LIBLICKY BASTARD 4===s PYRAM
o——= RAMAN

1600 t-~—~a PYRAM 4000

500 500 A

W 3 V.. V. més.
. V. vi. Vil

4, Dynamics of dry matter formation of 5. Dynamics of dry matter formation of

aboveground biomass per 1 m2 in 1967. — aboveground biomass per 1 m? in 1968. —
Dynamika tvorby suSiny nadzemni bio- Dynamika tvorby su$iny nadzemni bio-
masy na 1 m? v r. 1967 masy na 1 m? v r. 1968

The proportion of dry matter of various organs is given in Figs. 6,
7, 8. The greatest difference can be found in the proportion of the stems
which is higher in ‘Pyram’ (35-50 %) and lowest in 'Raman’ (10—15 %).
The proportion of dry matter of leaves increased rapidly at the beginning
and reaches its maximum during the fifth-leaf phase from about the begin-
ning of May to Mid-May. The highest value of the dry matter proportion
was found in ‘Liblice bastard’ (in 1968 as much as 85 %), which stressed
its importance as a crop grown for green matter. A part of the leaves are
the tendrils which account for 2—4 % of total dry matter in all varieties
and all years. Tall varieties show at the beginning a higher proportion
of tendrils, but later on during the generative period the variety Raman
has larger tendrils, this being a positive feature because the tendrils take
part in photosynthesis and respiration. Also, the tendrils of the 'Raman’
variety keeps the plants in a compact (less lodged) form.
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7. Dry matter of various organs in per-
centage of total dry matter 'Raman’ —
1969, — SusSina jednotlivych organu v
procentech z celkové suSiny odrudy 'Py-
ram’ — 1969

8. Dry matter of various organs in per-
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tard’ — 1969. — Su$ina jednotlivych or-
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rudy ‘Liblicky Bastard’ — 1969
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The proportion of dry matter of branches is small in tall varieties,
in the 'Raman’ variety, however, it is very high and varies between 15
to 20 %, in 1968 it was much as 35 %.

At the end of June a very fast growth of the dry matter of fruits
set in. The fastest rate of fruit formation can be observed in 'Raman’ and
in the final period of their formation the proportion of the dry matter
exceeds 50 % of total dry matter of overground biomass. In 1969, when
the fruit yield of this variety was highest, the dry matter proportion
exceeded 60 %. In tall varieties the dry matter production was slower and
its proportion of total dry matter was smaller than that of '/Raman’ variety.

2 2
m.m
‘ 7 r= =¢ LIBLICKY BASTARD
,N\ oo RAMAN
AN
I #---4 PYRAM
6 6
LIBLICKY ,’I'\ \
=" BASTARD ,I- \~-~\‘
5] e=—<RAMAN ," \'\\ i
\

&~—a PYRAM

. V. vi. Vil

9. Leaf area index in 1967. — Pokryvnost 10. Leaf area index in 1969. — Pokryv-
listovi v r. 1967 nost listovi v r. 1969

Another basic indicator of growth analysis is the assimilation area
of plants which is most frequently expressed as leaf area index (LAI).
These data are given in Figs. 9, 10. In most years the highest values were
obtained in Pyram and Liblice bastard: they averaged 6.9 m?m~% (in
1968 as much as 8.5) 'and 6.5 respectively. The 'Raman’ variety averaged
5.8 m m~?% but in 1968 its maximum level of leaf area index was 8.3 m?
.m~2 In tall varieties the rate of LAI in all years was very fast and similar.
'‘Pyram’, however, reached somewhat higher values but loses them more
quickly, whereas 'Liblice bastard’s’ level of LAI persists longer. More
precise data about this can be obtained by means of leaf area duration,
whose values are given in Table 1. _

From the data it can be seen that it was 'Raman’ which in 1967 sho-
wed the hi%hest values following the green pod stage. It also produced the
highest yield of seeds per plant (similarly in 1968). In 1969 the highest

890 ROSTLINNA VYROBA — 1975



I. Leaf area duration (LAD) following the stage of green pods. — Integralni listova
plocha od faze zelenych lusku

1967 1968 1969
Varieties A e |
D66 == | 6.7+ |20.6.~ | 26 = | 4.7 = | 206 = |30.6.= | 7.7~
6.7. | 17.7. 27. 6. 4.7. 1.4, 30. 6. 7.1. 14.7.
Raman | 5485 510.5 511.0 389.0 179.5 281.0 237.0 165.0
Pyram 497.5 378.0 484.0 312.5 155.0 319.5 216.0 108.0
Liblicky
Bastard 522.5 465.0 4535 339.0 194.5 364.5 307.5 199.0

values of LAD were found in ‘Liblice bastard’, in which, due to a long
rainy period at the stage of ripening, the growth in length of generative
organs continued. The above metioned factors show that in pea, too, the
same relationship exists between the values of LAD and the weight of
the seeds, and, consequently, the yield.

The leaf area ratio expressing the relative power of the active assimi-
lation apparatus (Fig. 11) showed at the beginning higher values in tall
varieties, particularly in ‘Liblice bastard’, later on the dwarf 'Raman’ vari-
ety catches up and in the years 1967 and 1968 it exceeds even the tall
varieties in the level of LAR. Otherwise, however, the differences between
the varieties are relatively small.

An important calculated value of growth analysis is the net assimi-
lation rate (NAR) expressing the dry matter increment per unit of the
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11. Leaf area ratio in 1967. — Pomérna 12. Net assimilation rate in 1967. — Cisty
pokryvnost v r. 1967 vykon fotosyntézy v r. 1967
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assimilation area and time. The values of NAR (Fig. 12) show unambi
guously that ‘Raman’ is better in most measurements than the tall varie-
ties. It is true that the latter possess a more powerful assimilation appa-
ratus and, consequently, a higher photosynthetic intensity, but at the same
time also a higher rate of respiration so that net assimilation product
is smaller. In ‘Raman’ the increase of NAR at the stage of pod formation
is important for its yield. It is due to the fact that in ‘Raman’ its growth in
length at the reproductive stage is not so intensive and that, unlike in

the all varieties, no excessive number of additional flowers appears during
the growth.

The relative growth rate (RGR) expressed the dry matter increments
in relation to the weight unit of the dry matter. The values of RGR basi-
cally confirm the facts known about the net assimilation rate (Fig. 13).

The same applies to productivity (C) expressing the dry matter in-
crements of overground biomass per time unit and 1 m? The values
showed that at the early stage of the growth tall varieties exhibited
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13. Relative growth rate in 1967. — Spe- 14. Productivity in 1967. — Produktivita
cifickd rychlost ristu v r. 1967 v r. 1967

hi%her productivity, whereas 'Raman’ was more productive in the second
half of the growing period, particularly at the time of pod formation
(Fig. 14).

Net assimilation rate, relative growth rate and productivity are clo-
sely related to external conditions, particularly to the rate of photosynthe-
tically active or global radiation, the amount of rainfall and temperature.
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DISCUSSION

The results of growth analysis have shown that all the varieties
under study (both tall and dwarf) produce almost the same amount of
dry matter per 1 m? and per plant. In the dwarf variety ‘Raman’ the pro
duction of dry matter was Eigher during two years (1967 and 1968).
Tall varieties were characterized by a faster initial growth of dry matter,
which is an important fact if they are to be grown for green matter. In
‘Raman’ the production of dry matter is higher in the generative phase,
which is more advantageous for the seed yield. This is confirmed by
Stanfield et al. (1966).

The dry matter production is affected in a decisive way by tempera-
ture and rainfall. Experiments with pea conducted by Stantield et
al. (1966) under controlled phytotron conditions showed that the op-
timum dry matter production was observed at the stage of the 6th—10oth
node at 21°13° (day/night), at the stage of flowering at 16°/10° and at
the stage of ripeness at 16°%/13° C. Our observations are in agreement
with the above findings. The general formulation of Wang (1962)
says that from the point of view of the yield of pea warm spring (gro-
wing stage) and colder summer (flowering stage) are most favourable.

In the dry matter distribution in various aboveground parts of the
plants there is a great difference between dwarf and tall varieties in the
proportion of dry matter in the stems, which in tall varieties is by
20—30 % higher than in 'Raman’. Fletcher et al. (1966) came
to an earlier conclusion that a high production of dry matter in the
stems correlated with a lower seed yield.

Again, in the 'Raman’ variety a large proportion of dry matter (over
50 %) is deposited in fruits and seeds, which is important for the yield
formation. A similar conclusion was arrived at by Juza (1971) in
‘Raman’ and ‘Borek’ varieties whose dry matter exceeded 50 % whereas
in the tall variety "Pyram’ and intermediate variety ‘Jupiter’ the generative
organs produced only a little over 30 % of total dry matter. This showed
that dwarf varieties of pea are more economical in the distribution of
assimilates in economically important organs.

The dynamics of dry matter production is connected with leaf area
duration. In tall varieties leaf production is faster and more intensive. LAI
values are basically in agreement with the findings of Kornilov (1968)
and Niiporovié¢ (1966). Extreme values of leaf area duration (hig-
hest in 1968 and lowest in 1969) were affected by temperature and rain-
fall. According to Kornilov (1968) a higher temperature affects leaf
area at an early stage of the growth, whereas at later stages leaf area is
affected rather by lower temperature and plenty of rainfall.

Like in cereals (Simpson 1968, Stickler and Pauli 1961
and others) an important relationship was found between leaf area dura-
tion and seed yield in pea. The same relationship was found in our expe-
riments and proved to be an important factor affecting a high-yielding
capacity of dwarf seed pea.

In assessing the photosynthetic production of the varieties of pea
under investigation it was proved that the net assimilation rate and
other calculated values of growth analysis largely depend on rainfall
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conditions, temperature and, above all, on photosynthetically efficient
and global radiation.

The above characteristics of processes of productivity, garticularly
the rate of dry matter production and its distribution of leaf area dur-
ation and assimilation rate affect the actual yields. The three-yecar
average yield of seeds of the 'Raman’ variety was 39.4 q per ha, 'Pyram’
33.9 q and ’‘Liblice bastard’ 27.8 q per ha.

Acknowledgements. The author in thankful to Ing. Josef Vrabec and
Jan Lipavsky, prom. med. for their help in performing the experiments.
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PETR J. (Vysoka $kola zemédélska, Praha-Suchdol). Fotosyntetickd produktivita niz-
kych a vysokych odrid hrachu (Pisum sativum L.). Rostlinnd vyroba (Praha) 21 (8) :
: 875-895, 1975.

V tiiletych pokusech byla sledovdna produktivita nizkych a vysokych odrid hrachu
klasickou rustovou analyzou podle metodiky Mezinarodniho biologického programu.
Pokusy prokazaly, Ze pro vysoké odrudy hrachu je typickd rychla tvorba su$iny na
pocatku vegetace, zatimco u nizkych odrud je vys$si tvorba su$iny v obdobi tvorby
plodld a semen. Nizké odridy hrachu jsou ekonomié¢téjsi v distribuci sudiny. P¥i témei
stejném mnozstvi vyprodukované suSiny u obou skupin odrud se ukazalo, Ze vysoké
odrudy investuji velky podil susiny do lodyh a listli, coZ je vhodné pro jejich pii-
padné vyuziti na zelenou hmotu. Nizké odrudy maji podil suliny lodyh podstatné
niz8i, ale vice vétvi, tak¥e vétve se vice podili na celkové susiné neZ u vysokych hra-
chi. Vyznamny je viak podil su$iny generativnich organu, ktery dosahuje u nizkych
hrachu ptes 50 %, z celkové suiiny, vysoké hrachy investuji do generativnich organu
0 10 9%, méné&. Pokryvnost listovi (LAI) byla vétsi u odrad s dlouhou lodyhou, ale nizké
odridy mély vy$8i hodnoty listové plochy v generativnim obdobi. Byl prokazin vztah
integrélni listové plochy v dob& tvorby plodi a semen k vynosu semen. Cisty vykon
asimilace byl vy38i u mizkych odrid. Vy$8§i vynosova vykonnost nizkych hrachd na
semeno je ve rovnédni s vysokymi odriidami podminéna lep3f (ekonomi&téjsi) distri-
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buci asimilatlt ve prospéch generativnich organt, vy$8imi hodnotami integralni listo-
vé plochy (LAD), vys8im ¢istym vykonem asimilace (NAR) a tim i vys§i tvorbou su-
§iny v obdobi tvorby luski a semen. Vedle téchto produktivnich kritérii je vynosnost
nizkych zrnovych hracht podminéna i mensi zavislosti na vnéjsich podminkéach z hle-
diska redukce generativnich organt.

hrach; nizké a vysoké odrudy; tvorba vynosu; ristovad analyza; fotosynteticka pro-
dukce

TIETP . (Cenbckoxoasitcrennstit uncruryr, Ilpara-Cyxnon). PorocHHTermuecKas mNpPOXyKTHB-
HOCTh HHSKO- H BhICOKOCTeGenpHbix coproB ropoxa (Pisum sativum L.). Rostlinna vyroba
(Praha) 21 (8) :885-895, 1975.

B xone mpomoyxaBmuxcA 3 rona ONLITOB C MOMONIbI0 KJIACCHYECKOTO aHA/JM3a POCTA IO METONMKe
MexnyHaponHO¥ GUONOrMYecKO# mpOTPaMMEI M3yYald NPONYKTHBHOCTh HM3KO- M BHICOKOCTeGesnb-
EBIX COpTOB ropoxa. OmBITHI NOKasajH, 4TO NN BHICOKMX COPTOB ropoxa THOMYHO GhicTpoe o6pa-
30BaHME CyXOro BeleCTBAa B Hauajle BereTal[dy, TOrNa KaK HHMSKHME COpTa yCHJIMBAOT 8TO 06paso-
BaHHe B NEpPHOJ 3aBA3LIBAHUA IUIONOB M CeMAH, 6Osee SKOHOMHUHO pacnpelenss CyxXOe BemecTBO.
Ilpu nourm OnMHAKOBOM KOJMYecTBe OOGPa3OBAHHOIO CYXOro BeljecTBa B OOGeHMX TIpyNmax COPTOB
BBICOKME COpTa pPacxOnyioT GOonpmoH ero mpomeHT B CTeGJM M JHCTBA, YTO MOMKET HPUIONHUTHCA
LPU MX MCNONB3OBAHMM KaK 3eJeHylo Maccy. Y HHSKHX COPTOB NOJS CyXOro Bemecrsa B crebisax
MeHblle, HO 3aTO OHM CHJbHee BETBATCA, BBHIy Hero Mx BeTBM comepkar Goxpmmii % cyxoro
BellecTBa, Y4eM y BBHICOKMX COPTOB. 3HauMTeNbHa, ONHAKO, NOJS CYXOTO BelJeCTBA B TeHEPATHBHBIX
opraHax: y Huskux copros csmmue 50 %0 or ofmero cyxoro sem., y Bhicoknx Ha 10 % Membme.
Hunexc miomany JuCTheB GOJbIle y BHICOKMX COPTOB, HO y HMSKHX YCTaHOBJEHH Gojiee BHICOKHE
3HaueHHs JHUCTOBOH NOBEPXHOCTH B TeHEPaTHBHHIN mepuon. /lokasaHa CBASh MeKIy HHTErpajbHOU
JIUCTOBOM IIOBEDXHOCTHIO B IIEPHON 3aBASHBAHHA IUIONOB M CEMAH W ypoaeM ceMad. Yucras
NPONYKTUBHOCTh ACCHMMJANMYM y HHBKHX COpTOB Goibme. Y HHSKHX COPTOB IOpoxa Ha CeMeHa
fosee BHICOKAas ypokaiHOCTH ofycaoBneHa: ayumeit (6osee skOHOMHOM) nucTpubyimeir accu-
MUJIATOB B IOJb3Y IeHEPATHBHLIX OPraHOB, IOBBIMEHHBIMH SHAYEHHSAMM HMHTETPAJbHON JHCTOBOM
TIOBEPXHOCTH, IOBHINEHHHEIM YHCTHIM SPPEeKTOM aCCHMHUNANUM M, CHENOBATENHHO, IOBBIMIEHHBIM
o6pasoBaHMEM CyXOTO BeI[eCTBA B IEPHOX 3aBASHIBAHMA CTPyukoB M cemaH. Hapany c¢ srumu
KPHUTEPUAMHU TPOLYKIUH, YPOKARHOCTH HHBKOCTEGENBHBIX COPTOB OOyCNOBJEHA MeHBINEH a3BHCH-
MOCTHIO OT BHEIIHHX YCJIOBHH C TOYKH SPeHHA PeNyKIHM TeHepPaTHBHEIX OpraHOB.

ropox; HH3KOcTefenbHEIE M BHICOKOCTeGenbHEIe cOpra; ofpasoBaHMe ypoOKas; aHaau3 pocra; ¢oro-
CHHTEeTHYeCKas NPONYKIHA

Adresa autora:
Doc. ing. Jitf Petr, CSc., Vysoka Skola zem&dé&lské, 160 21 Praha - Suchdol
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Vybér z novych prirustka
Ustfedni zemé&dé&lské a lesnické knihovny UVTI
z useku rostlinné vyroby

Uvedené publikace je mozné si zaptjéit osobné nebo pisemné v UZLK,
vypujéni oddéleni, 12056 Praha 2, Slezska 7. Vypujéni doba: pondéli
az patek od 9 do 18 hodin. U kazdé zZadané publikace uvedte signaturu.

Marc¢enko, N. M. — Litvinov, M. A. — Verchovskij, V. M. E 37.440
Kompleksnaja mechanizacija prigotovlenija i vnesenija udobrenij. Mosk-
va, Kolos 1974. 399 s. 160 obr. 65 tab. (Hnojeni — mechanizace — pfi-
ru¢ka / Strojena hnojiva — vyroba — mechanizace — prfiruc¢ka).

Demes, G. C 22.466/53
Miitragya kezelés és Kkiszoras. Godollo, Mezog. gépkisérleti intézet 1974.
23 s. 9 obr. 7 tab. Ertesité termeléstechnolégiak miiszaki vizsgalatarol 53.
(Strojena hnojiva — hnojeni — mechanizace — vyzkum / Strojena hnoji-
va — skladovani — mechanizace — vyzkum — Madarsko).

Vylkov, I. D. — Nikolov, G. P. C 16.787/1974/25
Sooruzenija dlja chranenija i masiny dlja podgotovki i vnesenija nasyp-
nych mineralnych udobrenij. Sofija, Centar za nauc.-techn. i ikonom.
inf. po selsko i gorsko stopanstvo pri ASN 1974. 72 s. obr. tab. (Strojena
hnojiva — hnojeni — mechanizace — studijni zpravy — Bulharsko).

Achorn, F. P. — Baley, H. L. C 22.880/51
+ Application of fluid fertilizers. Muscle Shoals (Alabama), Tennessee
valley authority 1970. 8 s. fot. Repr. from the Agric. Chemicals, 1970.
May and June. (Hnojiva tekutd — hnojeni — mechanizace).

White, R. K.:— Hamdy, M. Y. — Short, T. H. . D 28.422/197
Systems and equipment for disposal of organic wastes on-soil. . Wooster
(Ohio), Agric. research and dev. center 1975. 31 s. 26 obr. 4 tab. Research
cicular 197. (Hnojiva organickd — hnojeni — mechanizace — vyzkum —
USA — Ohio).




WATER POTENTIAL IN LEAF BLADES OF FIELD-GROWN SUGAR
BEET PLANTS AND THE ACTUAL TO POTENTIAL
EVAPOTRANSPIRATION RATIO

J. ULEHLA, L. ZICHOVA

ULEHLA J., ZICHOVA L. (Agricultural Research Institute, HruSovany near
Brno). Water Potential in Leaf Blades of Field-Grown Sugar Beet Plants and
the Actual to Potential Evapotranspiration Ratio. Rostlinnd vyroba (Praha) 21
(8) : 897-995, 1975.

Water potential deficit was measured in the leaves of field-grown sugar beet
plants in about weekly intervals for several growing seasons. Good correlation
was found between the results of such measurements and the coefficients of
moisture availability calculated from weather data as the ratio of actual to
potential evapotranspiration.

sugar beet; plant water relations; water potential of leaves; potential evapo-
transpiration; actual evapotranspiration

The yields of agricultural crops are often depressed in the subhumid
region of Southern Moravia (Pospi§il 1934, Ulehla 1947, Ba-
noch 1952, Batioch, Slepi¢ka 1963). In Pohofelice (southern
Moravia) sugar beet was used as a model plant in laboratory and field
studies concerning the water relations, growth and yield (Olehla, Zi-
chova, Bamnoch 1965, Ulehla and Zichova 1968, Ulehla
1971a). Concurrent studies pertained to potencial evapotranspiration esti-
mates (Ulehla 1971b) and to comparisons of actual irrigation regimes,
based on soil moisture data, with those calculated from weather data
(Ulehla 1972). In the present paper the data on water potential in
leaf blades of field-grown sugar beet plants are correlated with the actual
to potential evapotranspiration ratios derived by means of a simple model.

METHODS

Sugar beet was cultivated in a crop rotation comprising 10 crops, on experi-
mental fields at Pohotelice u Brna (p = 48°59°, A = 16°31’). Three irrigation regimes
(including the non-irrigated control) combined with 2 levels of fertilizing repre-
sented 6 experimental variants (Batioch 1962, Matéjikova 1970).

The soil is a typical chernozem on loess passing at the depth of 110 em into
yvellowish sandy loam with occasional intrusions of gravel (Talafantova 1970).
The hydropedological characteristics as given in or derived from the report by M a -
téjikova (1970) are as follows: the maximum capillary capacity 190 mm, the field
capacity 180 mm, the permanent wilting point 100 mm, the lowest soil moisture con-
tent observed beneath a plant stand 90 mm, all data pertaining to a 60 cm deep soil
layer.

The water potential deficit (WPD) in leaf blades of sugar beet plants was esti-
mated from the changein the weight of leaf disks during equilibration against
flowing (Ulehla, Zichova, Bachon 1965) or stationary (Kreeb 1960) sodium
chloride solutions of known osmotic potential. The water potential of leaf blades
was subsequently identified with the osmotic potential resulting in no change of
the weight of the disks, found by interpolating the data.
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The potential evapotranspiration according to Penman (1963) and water
balance were calculated from weather data measured at the meteorological station
at Pohotelice, about 3 km distant from the experimental fields.

RESULTS

The water potential deficits in leaf blades of non-watered plants fol-
lowed courses more or less characteristic of each year as shown in Fig. 1
and 2. The measured values ranged from 1.8 to 20.5 atm (data for ,poor”
patches not included) with maximum values occurring mostly during the
summer months. Extremely high values were observed in 1963 and 1967
towards the end of August and the beginning of September. The water
potential deficits measured in plants from poor patches reached conside-
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1. The changes of water potential deficit (atm) in the leaf bla-
des of sugar beet plants in the course of the growing season
1963 and 1965 on good (O) and poor () sites. — Zmény defi-
citu vodniho potencidlu (atm) v listovych éepelich cukrovky
béhem vegetaéniho obdobi 1963 a 1965 na dobrych (O) a vy-
palovych (-4) stanovistich



rably higher values (37 atm) during the drought of 1963 than in plants
from good but also non-watered stands (Fig. 1). The differences between
poor and good sites were considerably less conspicuous in the year 1965
with more favourable weather conditons. Low water potential deficits,
from 4.0 to 9.0 atm, were consistently recorded during the relatively wet
year 1966. The water potential deficit was also measured for some irriga-
ted variants (plots) during 1966 to 1969. The results for 1969 may gbc
considered as typical. The measured data for 1963, 1965 and 1968 do not
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2. The changes of water potential deficit (atm) in the leaf
blades of sugar beet plants in the course of the growing sea-
son 1966 to 1969 on non-irrigated control plots (OH, OHH) and
on irrigated plots (ZH, ZHH, ZZH, ZZHH). — Zmény defi-
citu vodniho potencialu v listovych ¢éepelich cukrovky bé-
hem vegetaéniho obdobi 1966 aZ 1969 na dilcich nezavlaZova-
nych, kontrolnich (OH, OHS) a na dilcich zavlaZzovanych
(ZH, ZHH, ZZH, ZZHH)
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cover the whole growing season. The presumed courses of water potential
deficit during the periods with lacking data are represented in Fig. 1 and
2 by dashed lines.

The water balance calculations for the 0 to 60 cm soil layer showed
that the potential evapotranspiration had to be multiplied by a coefficient
of 0.85 or 0.90 (according to the respective irrigation regime simulated)
to attain practical coincidence of the calculated irrigation regime with
those based on soil moisture measurements (Ulehla 1972). However,
the soil profile conditions are such as to permit the roots to penetrate
below the 0 to 60 ¢cm layer. It has been therefore assumed in this study
that a closed stand of sugar beet, well supplied with water, deprives of it
the soil profile with a rate corresponding to the potential evapotranspira-
tion. Of the transpired water, 85 to 90 p. c. were supposed to come from
the layer 0 to 60 cm and the remaining 15 to 10 p. c. from the deeper
layers.

Different relations were tested to express the dependence of calcula-
ted actual evapotranspiration on total deficit (Baier 1969). Here
a simple linear relation is used.

KA; = 1.0 * ,when TDA;-1 — R; <0, and

200 + Ry— TDA1
- 3

KA; 200

when TDA;1—R; > 0

KA, is the coefficient of soil moisture availability (the calculated ac-
tual to potential evapotranspiration ratio) for the i-th pentade, TDA;_1 the
total deficit for the (i — 1)-th pentade, R; the raintall for the i-th pentade.
The relation indicates that the plant stand is supposed to eventually re-
move 200 mm of water from the whole soil profile under extreme conditi-
ons of long lasting drought. By the coefficient of availability, KA;, the
potential evapotranspiration was multiplied to obtain the calculated actu-
al evapotranspiration required in the calculation of the actual total deficit
for the pentade under consideration:

BA; = Ry — ET; . KA
TDA; = TDA;-1 — BA; ,if BA; { TDAy; , and
TDA; =0 ,if BA; = TDA;;

where BA; is the actual water balance for the i-th pentade, and TDA; the
total actual deficit in the i-th pentade.

The coefficients of availability for pentades were subsequently paired
to calculate average coefficients for decades. Tab. 2 contains the resulting
data for the period of 31 May to 27 September, including decades 16 to
27, for the years 1963 and 1965 to 1969. Tab. I presents the corresponding
data on water potential deficits in sugar beet leaves. These were obtained
by reading the water potential deficits for the 5th day of each decade
from the respective curves on Fig. 1 and 2 for good stands.

The 56 pairs of complete data were use§ to calculate the highly
significant correlation coetficient r,, = 0.79, t = 9.54. The regression of
water potential deficit in the leaves on the coefficient of availability is
shown in Fig. 3.
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I.. ,The water potentjal deficits (atm) in sugar beet leaves. — Deficit vodniho poten-
cialu (atm) v cepelich cukrovky po dekadach podle rokt. Hodnoty ziskany interpo-
laci z grafi na obr. 1 a 2

Decade 1963 1965 1966 1967 1968 1969 Aver.
16 — - 7.6 8.2 5.2 4.3 6.0
17 — — 6.6 8.2 4.4 4.9 5.8
18 s - 5.6 9.0 5.0 45 5.8
19 - - 7.0 8.3 8.8 6.6 7.2
20 — 4.8 6.8 8.2 10.0 9.2 8.2
21 13.2 5.4 7.8 11.6 - 10.2 9.3
22 14.0 7.4 4.5 9.5 — 10.1 8.6
23 15.0 9.2 52 11.2 - 10.0 9.4
24 13.2 9.0 5.7 13.4 - 7.8 9.2
25 14.0 8.8 6.2 15.9 - 7.9 9.8
26 8.4 9.1 5.9 10.2 — 8.8 8.1
27 8.5 9.2 8.9 3.9 - 10.7 7.5
16
14+
=
312
Bt
3 3. The regression of the water potential
@ deficit (atm) in the leaf blades of sugar
L<L( 8r beet plants on the coefficient of water
W availability calculated from weather da-
L:‘ ta for decades 16 to 27 of 1963, 1965-1969.
S o — Vztah mezi koeficientem dostupnosti
Q ) Len vody vypocé¢itanym z povétrnostnich uda-
c§ : J e e e ji a mezi deficitem vodniho potencidlu
4 02 04 06 08 10 (atm) v listovych ¢epelich cukrovky pro

MOISTURE AVAILABILITY Mis 93T, oY,

To find out whether seasonal trends affected the regression, the
original set of data pairs was split in four subsets for decades 16 to 18,
19 to 21, 22 to 24, and 25 to 27, corresponding roughly to the months of
June to September (Fig. 4). Tab. 4 presents the regression coefficients

a and b, averages KA and WPD and the t values, as well as the sums of
potential evapotranspiration for the respective periods. No regression was
calculated for the ,June“ subset where both the KA and WPD values are
more or less clustered and indicated good soil moisture availability.
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4. The regression of the water potential deficit (atm) in the leaf blades of sugar beet
plants on the coefficient of water availability calculated from weather data for four
periods each including three decades. — Vztah mezi koeficientem dostupnosti vody
vypo¢itanym z povétrnostnich tidaji a mezi deficitem vodniho potencidlu v listovych
¢epelich cukrovky (atm) pro &tyfi obdobi po tfech dekadéch

DISCUSSION

Different possible sources of variance unaccounted for in the calcu-
lations can be expected to affect the correlation between the moisture
availability, derived from the water balance, and the water potencial de-
ficit in the leaf blades of field-grown sugar beet plants. A quite obvious
source of inaccuracy is e. g. the uncertainty concerning the rainfall distri-
bution during the pentades. The closeness of the overall correlation bet-
ween the weather and the biological data may be therefore regarded as
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II. The goe;fficients of water availability (KA). — Koeficienty dostupnosti vody (KA),
odvqgeng jako poméry vypocéitané evapotranspirace aktualni k evapotranspiraci po-
tencialni, po dekddach podle roku

Decade | 1963 , 1965 1966 ' 1967 ‘ 1968 1969 Aver.
[ _ f ‘ -
16 0.96 1.00 0.99 0.97 0.98 1.00 0.98
17 0.85 1.00 0.93 1.00 0.95 1.00 0.96
18 0.95 1.00 1.00 1.00 0.86 1.00 0.97
19 0.78 1.00 0.88 0.96 0.71 0.99 0.89 ,
20 0.68 0.90 0.93 0.90 0.77 0.88 0.84 l
21 0.55 0.94 1.00 0.80 0.76 0.74 0.80
22 0.50 0.90 1.00 0.66 0.96 0.61 0.77
23 0.50 0.78 0.95 0.59 1.00 0.56 0.73
24 | 0.49 0.77 0.86 0.53 1.00 0.66 0.72
25 0.63 0.80 0.87 0.48 1.00 0.65 0.74
26 0.74 0.74 0.84 0.72 0.94 0.60 0.76
27 0.73 0.72 0.80 0.76 0.89 0.57 0.74

III. The relations between the water availability coefficients and the water potential
deficits for four periods. — Vztahy mezi koeficienty dostupnosti vody a mezi defi-
citem vodniho potencialu pro é&étyfi trojice dekad

Decade N KA |WPD rzy a b t ET
16—18 11 | 0.97 | 5.93 — = = = 108
19—21 14 | 0.85 | 8.44 —0.77 20.5 —14.1 4.25+ 113
2224 15 | 0.69 | 9.68 —0.92 21.6 —17.2 8.66++ 96
25—27 15 | 0.71 | 8.94 —0.76 245 —21.9 4,33++ 60

N — number of pairs, KA — the average water availability, WPD — the average water potential
deficit in leaves, rzy — the correlation coefficient, aand b — the characteristics of the regression

of WPD on KA (a the intercept, b the slope), t — the statistics, ET — the average potential eva-
potranspiration for the period
+ — significant at the 0.01 level, ++ significant at the 0.001 level

satisfactory. The results may be further considered as corroborating the
applicability of similar water balance calculations to the scheduling of
irrigation regimes of agricultural crops in the region of southern Moravia
(U%ehla 1974a, b). '

‘Differences in slopes of regression lines for three of the four subsets
can be observed in Fig. 4. The differences are not statistically significant.
Nevertheless the increase of slope with decade numbers suggests the regres-
sions of subsets and the closeness of the overall regression to be affected
by a further factor or factors related to the seasonal trend of weather
changes. Such changes can be demonstrated by the averages of potential
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evapotranspiration sums, given in the last column of Tab. III, integrating
other pertinent weather data. The different slopes of regression lines can
be therefore supposed to indicate in agreement with general evidence that
the WPD values depend rather on the weather conditions at high values
of KA, i.e. at good soil moisture conditions, than at low values of KA.
Thus, under the conditions of good soil moisture supply a smaller gradi-
ent of WPD between soil and leaf is necessary in September, when the
evapotranspiration is low, than in July, when evapotranspiration is at its
peak, to provide for the adequate water flow from the soil to the leaves.

These conclusions do not contradict the observation that the WPD
values depend above all on the soil properties during the periods of
prolonged drought as evidenced by the comparison of data for poor and
good stands and for the contrasting years of 1963 and 1965 (Fig. 1).

The data presented in this paper point to some problems concerning
the irrigation regimes. The WPD values for the irrigated variants in 1969
were considerably higher than the WPD values for the non-irrigated
variant in the wet year 1966. It is impossible to decide whether this is
a consequence of differences in average evapotranspiration rates, or whet-
her the data reflect differences in soil moisture contents of the deeper
layers of the soil profile.

The information on the close relation between the water balance
calculations, based on potential evapotranspiration estimates, and between
the water potential in leaf blades is of importance regarding the close
relation of transpiration to photosynthesis (Brix 1962) and therefore
also between the growth and yields.
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cukrovka; vodni provoz rostlin; vodni potencidl éepeli; potencialni evapotranspirace:
aktualn{ evapotranspirace

YJIETJIA ¥, 3UXOBA JI. (Hayuno-uccenOBaTenbCKUili MHCTUTYT OCHOBHOM AarpoTexHmKH, Lpy-
moBaHs y Bpro). Bomumli moremnmman B mIacTHHKAX JHCTBEB CAXapHOM CBEKTHI, BHIPANIMBAEMOMH
B NONEBHIX YCNAOBHAX, M OTHOUIEHHE MEXIy AKTyaabHOH H NOTEHIMANLHOM SBANOTPAHCHHMPANMAMM.
Rostlinna vyroba (Praha) 21 (8) : 897-905, 1975.

Lepuuur BONHOrO NOTeHIMAana B IJIACTHHKAX JIMCTHEB CAXapHON CBEKJbI, KOTOpas BHIPAN[UBAJach
B IIOJIEBBIX yCHOBHMAX, ONpenensdycs HPKSJIKSKTEJIBHO B HeJeNbHHIX MHTEpBaJlaX B Te4YeHHE HeCKOJIb-
KUX BereTallMOHHEIX INepHONOB. Bhija ycTaHOBNEHa XOpOmAs KOPPENANUA MeXIy Ppe3yabTaTaMu
9THX M3MEPeHHH M MeKNy NOCTYNHOCTHIO BONBI, BEIYMCIEHHOW M3 HNAHHBIX O METEOPOJOTHYECKUX
YCHIOBHAX, KaK OTHOIIEHHE aKTyasJbHOH H IOTEHI[MAJBLHON 9BANOTPAHCIHDAIIUM.

caxapHasg CBeKJa; BONHBIA PEXHM DAacTeHHif; BONHBIA NOTEHIMAN JUCTHEB; NOTEHI[MAJbHAas 5Ba-
JIOTPAHCHMPALIUS; AKTyaJbHas SBanOTPAHCIHPAHA

ULEHLA J., ZICHOVA L. (Forschungsinstitut fiir Anbautechnik, HruSovany bei Brno).
Die Beziehung zwischen dem Wasserpotentialdefizit in Bldttern der unter Feldbedin-
gungen kultivierten Zuckerriibe und dem Verhdltniss der effektiven zu der poten-
tiellen Evapotranspiration. Rostlinna vyroba (Praha) 21 (8) :897-905, 1975.

Das Wasserpotentialdefizit in Bldttern der unter Feldbedingungen kultivierten Zuc-
kerriibe wurde wihrend mehreren Vegetationsperioden ungefidhr einmal pro Woche
bestimmt. Eine gute Korrelation zwischen dem beobachteten Wasserpotentialdefizit
und einem als Verhiltniss der effektiven zur potentiellen Evapotranspiration be-
rechnetem Koeffizienten der Wassererreichbarkeit wurde gefunden.

Zuckerriibe; Wasserhaushalt der Pflanzen; Wasserpotential der Blatter potentielle
Evapotransplratlon effektive Evapotransplratlon

Adresa autoru:

Dr. J. Ulehla, CSe, Dr. L. Zichova, Vyzkumny ustav zakladni agrotechniky,
664 62 HruSovany u Brna
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RECENZE

SOUBORNE PRACE O POKROKU V EKOLOGICKEM VYZKUMU

Sbornik Advances in ecological research, sv. 8, 1974, vydavatel A. Macfadyen.
Vydal Academic Press, London and New York, 1974, 418 s.

Osmy svazek sborniku obsahuje
¢tyri souborné studijni prace s ekologic-
kou tematikou ruznych objektt. Nasi
pozornost vzbuzuje zejména druha ze
¢tyr studii, vénovana ekosystému obil-
nin, a posledni, zabyvajici se populad-
nimi cykly drobnych saved, a to hra-
bosui a lumiku.

V uvodu ke sborniku se vydavatel (A.
Macfadyen) zminuje o tzké specializaci
ekologického vyzkumu nejen s ohledem
na ruzné objekty, ale i na pouzité meto-
dy a sledovany cil. To vede k tomu, Ze
mnoho praci ztraci svij $irsi vyznam a
mohou byt sledovany jen velmi uzkym
okruhem specialisti. Jejich vyznam se
ztrdci v malé navaznosti na $irsi a dutle-
Zit€j8{ problematiku. Proto jsou nutné
souborné studie, zpracovavajici $ir§i eko-
logické témata ze svétové literatury. Pre-
hledné zpracovani umoZfiuje $irsi i hlub-
8i pohled a étendf ma moznost podle po-
treby v citované literatufe vyhledat po-
drobnosti, které jej specidln& zajimaji.
Lze poznamenat, e podobni situace se
v soucasné dobé jevi i v jinych biolo-
gickych disciplindch. U ekologie k tomu
ptistupuje skute¢nost, Ze souvisi v mi-
moradném rozsahu s jinymi vé&dnimi
obory, jako je obecna biologie, taxono-
mie, fyziologie a morfologie, genetika,
populaéni genetika, etologie, i nebiologic-
kymi obory zabyvajicimi se faktory, vy-
tvarejicimi prostiedi Zivych organismu.

Souborné ekologické préace jsou proto
dilezité pro pracovniky rtznych obort
z&kladniho i aplikovaného vyzkumu, kte-
ré se navziajem prolinaji.

Prvni prispévek v rozsahu 105 stran
(G. L. Young) véetné 17 stran litera-
tury se zabyva ekologii ¢loveka s inter-
disciplinarni koncepci, kterd piesahuje
rdmec prirodnich véd a navazuje nejen
na socidlni védy, ale mj. také na apli-
kovanou huménni ekologii v technice,
architektul'e, ochrané prostiedi, zdra-
votnictvi atd., aniZ by si autor &inil na-
roky na uplnost zpracovani, které prak-
ticky neni mozné.

Z naSeho hlediska nejdtileZit&jdi &asti
sborniku je studie G. R. Pottse a G.
P. Vickermana o ekosystému obil-
nin. Priace zaujima 90 siran véetné lite-

ratury (8 stran), na rozdil od predcha-
zejici prace obsahuje c¢etné tabulky (23),
grafy, mapy a fotografie (celkem 24).
Studie se zabyva oblasti o ploSe asi
50 km? v jihovychodni Anglii (hrabstvi
West Sussex), ma vSak svym zaméifenim
Sirsi a obecnéjs$i vyznam.

Témér celd oblast byla v letech 1939
az 1945 pouzZivana jen pro vojensky vy-
cvik, v letech 1947 az 1954 byla po-
stupné rekultivovidna na zemédélskou
pudu. Do roku 1967 se provozoval v té-
to oblasti intenzivni chov ovei a pii
péstovani rostlin se pouzival modifiko-
vany norfolksky systém. Tento tradi¢ni
zplusob hospodaieni nékteré farmy od
r. 1967 opoustély. Poklesl chov ovci, za-
vadély se olejniny a luskoviny, jarni
jetmen se péstoval dvakrat po sobé na
téze plosSe. Systém se stdval méné kom-
plexnim a méné stabilnim. K nejvétsi-
mu poklesu chovu ovei dodlo v letech
1969 a 1970, nyni se ofekava urcité ozi-
veni. Nejvétsi plochu zaujima jarni
jeémen (51,1%,) a ozima géenice (29,9 %).
Ozimy jeémen je na 9,29, plochy, jarni
pSenice na 49, ozimy oves na 5,29,
a jarni oves na 0,69, glochy, obilniny se
péstuji celkem na 669/, poli. Podil jed-
notlivych obilnin se zna¢né podoba po-
mérum ve Velké Britdnii jako celku.

Préce déle uvadi podrobnosti o ptudnich
podminkach a dalSich péstovanych rost-
lindch, zejména jetelovindch a travach.
Jsou uvedeny podrobné udaje o flére
obilnich poli (poet pozemku, na kte-
rych se vyskytuji jednotlivé plevele),
zpusoby kultivace a boje proti viem
Skodlivym ¢initelim.

Tieti Kkapitola se zabyva zménami
v ekologické rozmanitosti pifi prechodu
zatravnénych porosti na obilni. Snaha
o eliminaci vSech jinych rostlinnych dru-
hit mimo piislu$né obilniny vede také
ke zménam v zastoupeni jednotlivych
druht Skodlivé i uzitedné fauny. Mezi
rozmanitosti fléry a fauny a zménami
v kvantitativnim i kvalitativnim zastou-
peni druht existuji vzadjemné vztahy,
které jsou podrobné zpracovany. Zvlast-
ni pozornost vénuji aulofi prostorovému
i éasovému vyskytu plevelf.

Ing.J. Kuéera, CSc.

(Recenze dalSich kapitol Sborniku je uvedena na str. 920.)



THE INFLUENCE OF BIOLOGICAL AGE ON SOME GROWTH
AND REPRODUCTION CHARACTERISTICS IN THREE-YEAR
OLD HOP PLANTS (HUMULUS LUPULUS L.)

V. RYBACEK

RYBACEK V. (University of Agriculture, Praha-Suchdol). The Influence of Bio-
logical Age of Some Growth and Reproduction Characteristics in Three-Year
Old Hop Plants (Humulus lupulus L.). Rostlinna vyroba (Praha) 21 (8) :907-919,
1975.

In the experiments in the years 1972—1973 with three-year old hop plants (Osvald
clone 72) growth analysis of the overground organs and whole plants was con-
ducted in two-week intervals from May 29 to September 4. From the end of May
up to mid-August a similar course of the growth characteristics was found in
the overground systems and whole hop plants .This evidence makes it possible
to replace, in the above mentioned period, the laborious growth analysis of
whole three-year old and older plants by growth analysis of their overground
organ system. After mid-August and in one-year and two-year plants even be-
fore this term, marked changes of dry matter amounts in the underground organs
distorting the results of the growth analysis appear. For the growth period of
the overground reproductive organs (in hop from July 10 to September 4) a met-
hod of reproduction analysis was worked out. The method can also be used for
determining formation dynamics of the underground reproductive organs. In
confronting the course of several indices determined by the growth and repro-
duction analyses with the course of biological age (BA) it was found out that the
net assimilation rate (NAR) was negatively influenced by increasing leaf biolo-
gical age. The coefficient of the reproduction process (KPR) is similarly in-
fluenced by the stalk and leaf biological age.

Photosynthesis; respiration; hop; growth analysis; reproduction analysis; age
analysis; overground and underground reproductive organs: biological age —

BA: net assimilation rate — NAR; coefficient of the reproduction process
— KRP

The prognosis of actual agricultural crop production requires, besides plant cover
density, also a production study of the plants represented in the stand. In the climber hop
(Humulus lupulus 1.) stands the spacing is stabilized and therefore — in careful treatment
— the number of set up hop vines per area unit is also stabilized. Under these conditions
the production of hop stands is directly proportional to plant production. This depends
on the dynamics of dry-matter formation and its distribution into the individual organs,
especially hop cones which are the main hop-picking product.

Our study was focused on the investigation into the relations between biological
age of the whole hop plants and their parts, dry-matter increase and its distribution
into the reproductive organs. Biological age was determined according to the balance
intensity of aging and rejuvenescence processes (Rybéacek 1966). Intensity of the aging
processes was determined according to a calcium content which is the indicator of plant
cell and tissue aging. According to Confort (1969) nail calcium content is a suitable
aging index in human gerontology because it increases parallelly with the calcium
content in arteries. The intensity of the rejuvenescence processes is characterized by
the content of organic nitrogenous substances determined according to the content of
organic nitrogen.
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The dynamics of plant dry matter increase and its characteristics were studied
by means of growth analysis methods surveyed in the monograph by Sesték et al.
(1966). Their application in hop is presented in the paper by Pichl and Rybécek
(1974). No method suitable for characterizing the distribution dynamics of plant dry
matter into the reproductive organs enabling a comparison with the results of growth
analysis was found in the available literature and that is why we used our own method
designated as reproduction analysis.

MATERIAL AND METHODS

In order to fulfil the tasks set up growth reproduction and age analyses of the whole three-
-year old hop plants (variety ‘Osvald clone No. 72’) were accomplished in the years 1972 and 1973.
The plants were withdrawn in two weeks’ intervals from the Experimental Hop Garden stand
at Uhfinéves. Throughout the whole period from May 29 to September 4, identical agronomical
practices, and disease and pest control measures were maintained in the stand. Against suckling
insect plant watering with a long-term active insecticide Terra-Syton was employed.

The initial values for growth analysis (green matter, plant dry-matter and leaf area) were
obtained for two weeks’ withdrawals of an average plant group consisting of 8 —10 vines, without
external pathological symptoms. Before hop drying the overground parts were divided according
to organ classification into vines, axils, vine leaves, axil leaves. and generative organs. Similarly
also the underground organs were divided into new wood (vine and sucker wood), old wood (also
vine and sucker wood), and roots. The dry matter weight of the whole hop plants, their underground
and overground organs, was obtained by adding together the dry-matter of the respective organs.
Leaf area was determined photoplanimetrically. Growth characteristics were calculated according
to mathematical relations given in the paper by Sestdk et al. (1966). An analogical procedure
was used in reproduction analysis the initial values of which (leaf and stalk dry-matter and repro-
ductive organ dry-matter) were obtained in two weeks’ withdrawals from July 10 to September 4.

For the calculation of biological age, the total organic nitrogen content in the individual
organs was determined according to Kjeldahl, as well as the calcium content by means of X-ray
fluorescent analysis using VAR-2 apparatus manufactured by Zeiss, Jena.

10 Ca

The degree of biological age (BA) was calculated according to the formula BA = N

given in the paper by Rybéacek (1975).

Structural changes of the overground and underground hop plant systems were calculated
according to percentual dry-matter representation of the individual organs present in the given
system.

RESULTS

The basic precondition for dccomplishing the individual analyses included in the
growth, reproduction and age methodology as well as for the evaluation of certain relations
between their results was a quantitative dry-matter determination of all overground
and underground organs of three-year old hop plants. The results are presented in Tab. I
indicating that the dry-matter of the underground organ system changed only slightly
in the period from May 29 to August 7, varying less than + 5 9,. The overground organ
dry-matter steadily increased up to September 4. Some changes of its growth rate are
connected with the appearance of the main phenological indices given in Tab. II.

The initial values for growth analysis of the whole hop plants are given in Tab. III,
those of their overground parts in Tab. IV. Tab. III indicates that in the overground
organ system the dry-matter increments (CW) up to July 10 amounted to more than
a double in two weeks' time. The comparison of the two tables implies that up to August 7
there were no substantial differences in the increments of the overground parts and
whole plant increments due to nearly balanced dry-matter of the underground organ
system.
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I. Relative dry matter amounts (in g) in three years old hop plants in the years
1972—1973. — Prumérné mnozstvi susiny (v g) u triletych chmelovych rostlin v letech

tiiletych chmelovych rostlin v letech 1972—1973

1972—1973.
‘ ! I 1 | |
Date 29. 5. | 12. 6. | 26.6. ‘ 10.7. | 24, 7. 7.8 } 21.8 4.9
SR S : ‘ d
Sh M 11.34! 30.39 59.22{ 138.22| 170.96 | 166.71 | 197.65 | 200.16
Sh L 0.11| 3.76| 19.72| 51.06| 85.35| 90.15, 95.54| 125.64 |
Sh 11.45| 34.15| 78.94| 189.28 | 256.30 | 256.85 | 293.19 325.80i
LM | 12,78 43.37| 116.51| 153.48 | 155.99 | 114.47 | 137.03 | 131.51 |
LL ﬂ | 2.66| 2342 70.37| 92.69| 104.24| 136.31| 149.43 |
| |
L : 12.78 | 46.03| 139.92 | 223.85 | 248.68 | 218.71 | 273.34 | 280.94 |
C | - — — 6.17 | 101.68 | 199.75 | 235.57 | 255.96
C+L i 12.78| 46.03| 139.92| 230.01 | 350.36 | 418.46 | 508.91 | 536.89
op | 2423 80.17'218.86 419.29| 606.66 | 675.31 | 802.09 | 862.69
SO I 31.38| 27.85| 25.58| 24.23 25.23% 21.28 | 27.47| 29.11
SN 1.56 2.90 6.26 2.25 437| 8.18| 16.39 18.55
SO + SN } 32.94| 30.75| 31.84| 26.48 29.60! 29.46 | 43.86| 47.66
R 63.86| 60.16| 62.89| 63.96| 68.25| 58.62| 80.62| 141.36
UP 96.80| 90.91| 94.72| 90.43| 97.84| 88.08| 124.48 | 189.01
OP + UP 121.03| 171.08| 313.57 | 509.72 | 704.49 | 763.39 | 926.53 [1051.70
Explanations: Sh M main shoots
Sh L lateral shoots
LM main leaves
LI  lateral leaves
(@ cones
OP  overground portion
SO old stem
SN  new stem
R roots
UP  underground portion
1I. Phenology of three years old hop plants in the years 1972—1973. — Fenologie

_E : Te_rm of appearance agg:g:;g?&:;‘;)
Phenological index L
' 1972 1973 1972 1973
Cutting 18. 4. { 9. 4. -
Beginning of budding 3.5. 30. 4. 15 21
Three internodes -19. 5. 21.5. 16 21
Lateral formation 7.6. 8. 6. 19 18
Appearance of clubs 28. 6. 30. 6. 21 22
Appearance of female flowers 10. 7. 13.7. 12 13
Cone formation 3.8. 5.8. 24 23
Picking maturity 24.8. 25.8. 21 20
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III. Initial data for growth analysis of three years old whole hop plants in the
vears 1972—1973. — Vychozi udaje pro rustovou analyzu tfiletych celych chmelovych
rostlin v letech 1972—1973

t — W Cw A Ca
Date
g g ‘Zu dmz dmz 00
29.5. 14 121.03 28.05
12. 6. 14 171.08 50.05 29.26 82.25 54.20 65.90
26. 6. 14 313.57 142.49 45.44 233.04 150.79 64.71
10.7. 14 509.72 196.15 38.48 312.95 79.91 | 25.53
24. 7. 14 707.49 194.77 27.65 480.31 167.36 34.84
7.8. 14 763.39 58.90 7.72 519.17 38.86 7.49
21. 8. 14 926.53 163.14 17.61 770.38 251.21 32.61
4.9. 14 1051.70 125.17 11.90 971.18 200.80 20.68
t, —t; = days
w = dry matter
Cw = dry matter increment
A = assimilation area
Ca = assimilation area increment

IV. Initial data for growth analysis of three years old (overground part) hop plants
in the years 1972—1973. — Vychozi tudaje pro rustovou analyzu triletych rostlin
(nadzemni ¢ést) chmelovych v letech 1972—1973

Date to— ) \\4 Cw A Ca
g % dm? dm? %
29.5. 14 24.23 28.05
12. 6. 14 80.17 55.94 69.78 82.25 54.20 65.90
26. 6. 14 218.86 138.69 63.37 233.04 150.79 64.71
10.7. 14 419.29 | 200.43 47.80 312.95 79.91 25.53
24.17. 14 606.66 187.37 30.89 480.31 167.36 34.84
7.8. 14 675.31 68.65 10.17 519.17 38.86 7.49
21.8. 14 802.09 126.78 15.81 770.38 251.21 32.61
4.9. 14 862.69 60.60 7.02 971.18 | 200.80 20.68

That is why the main characteristics of the growth analysis of whole hop plants
and their organs given in Tabs. V and VI show a nearly identical course in the period
from May 29 to August 7. After this term, the net assimilation rate had an identical
tendency, but its values were higher in whole plants. As in the withdrawal period (May
29, June 12, June 26) the leaf area increments amounted to more than a double, it was
necessary to take into consideration the relation of leaf area to dry-matter. This relation
is expressed by the following equation: W = a + b4~
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V. Main results of growth analysis of three years old whole hop plants in the years
1972—1973. — Hlavni vysledky rustové analyzy tiiletych chmelovych rostlin v letech
1972—1973

Date t,— 1 WL/W | A/WL LAR R Ra NAR
29.5. 14 0.11 2.19 0.23
12. 6. 14 0.27 1.79 0.48 0.025 0.077 0.071
26. 6. 14 0.45 1.67 0.74 0.043 0.074 0.070
10. 7. 14 0.46 1.40 0.61 0.035 0.021 0.052
24.7. 14 0.35 1.93 0.68 0.057 0.031 0.030
7.8. 14 0.29 2.37 0.68 0.005 0.006 0.008
21.8. 14 0.30 2.82 0.83 0.012 0.038 0.018
4.9. 14 0.27 3.46 0.92 0.010 0.017 0.010

VI. Main results of overground part growth analysis of three years old hop plants
in the years 1972—1973. — Hlavni vysledky ristové analyzy nadzemnich ¢asti trile-
tych chmelovych rostlin v letech 1972—1973

Date t,— 4 WL/W | A/WL LAR R R4 NAR
29.5. 14 0.53 2.19 1.16
12. 6. 14 0.57 1.79 1.03 0.086 0.077 0.079
26. 6. 14 0.64 1.67 1.06 0.074 0.072 0.068
10. 7. 14 0.56 1.34 0.75 0.046 0.021 0.053
24.7. 14 0.52 1.93 0.79 0.022 0.031 0.029
7.8. 14 0.42 2.37 0.77 0.008 0.006 0.010
21.8. 14 0.34 2.82 0.96 0.013 0.028 0.014
4.9, 14 0.33 3.46 1.13 0.005 0.017 0.005
t, — t; = days
WL = leaf dry matter
w = total dry matter
A = assimilation area
LAR = relative foliation
R = specific growth rate of the overground part
R4 = specific growth rate of the leaf area
NAR = net assimilation rate

The exponent expresses the relation between the specific growth rate (R) and the
R ; A
specific growth rate of the leaf area (R4), i. e. & = 7% As it was possible from the
A

calculated exponents to assume a linear relation (the value of the calculated exponents
approached 1, a == 1) we used Williamson's equaticn for calculating net assimilation
rate:
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(Wz W]) . (ln A —In A1)
(Ag = A]) 2 — 1

NAR =

In the cases where the assimilation leaf area increased to less than a double between
the subsequent withdrawals, a simpler equation was used, viz.:
Wy — W1 1

t-g—-ll Z

NAR — -

A = average assimilation area between two subsequent withdrawals.

In 1972 and 1973 the alternation tendency of net assimilation rate (NAR), similarly
as the tendency of the growth characteristics indices was identical with the two years’aver-
age. This is also true for the decreased dry weight increment (Cw) to less than a double
after the withdrawal performed on July 10 and for balanced dry weight increments
of the overground system and the whole plant up to August 7.

The initial and resulting values of the reproduction analysis are presented in Tab.
VII. As the overground dry-matter has never reached a double increase in the withdrawals
performed in the period from July 10 to September 4, the following formula was used
for the calculation of the reproduction result coefficient:

WRy — WRi 100

e 2] 1] Wi.s

W -— average leaf and stalk dry matter between two subsequent intervals.

VII. Main results of reproduction analysis of the overground organs of three years
old hop plants in the years 1972 — 1973. — Hlavni vysledky reprodukéni analyzy nad-
zemnich organu triletych chmelovych rostlin v letech 1972—1973

Date t, —1t; Wooz CW oz W (@ + Sh)I
10. 7. 14 6.17 413.13 |
24.7. 14 101.68 95.51 504.98 ‘ 1.3510
8. 8. 14 199.75 98.07 475.56 l 1.4730
21.8. 14 235.57 35.82 566.53 ‘ 0.4516
4.9. 14 255.96 20.39 606.73 | 0.2400
|
t,— 4 = days
Wooz = cone dry matter
CW oz = cone dry matter increment

W (L 4 Sh) = leaf and shoot dry matter
KRP = coefficient of the reproduction process

In the overground and underground organs in which the dry-matter was determin-
ed the biological age was stated as well. As the calcium level was determined to a thou-
sandth of percent exactness, the following formula was used for the biological age

determination: BA = lNCa The results are given in Tab. VIII. The table indicates

that from July 10 an intensive biological age increase took place in the overground organ
system, whereas in the underground organ system its considerable decrease was recorded:
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VIIL Agg analysis results of three years old hop plants in the years 1972—1973 accord-
ing to biological age. — Vysledky vé&kové analyzy tiiletych chmelovych rostlin v le-
tech 1972—1973 podle biologického véku (BA)

Date 29.5. | 12.6. | 26.6. | 10.7. | 24.7. | 7.8. | 21.8. | 4.9.
Sh M 3.57 524 | 7.87 | 11.64 | 1559 | 19.66 | 21.81 | 23.20
ShL - — 4.92 9.55 | 13.17 | 12.46 | 15.61 | 21.81
Sh 3.57 524 | 690 | 11.12 | 14.74 | 17.07 | 18.85 | 22.73
LM - = 7.20 9.73 | 14.86 | 13.69 | 16.32 | 20.61
LL —_ - — 5.58 8.56 | 10.49 | 14.11 | 16.96
L — — 7.21 8.28 | 12.45 | 12.05 | 15.14 | 18.60
C — - = - 4.01 3.96 4.24 4.76
C+L — — 7.21 8.28 | 10.04 8.20 | 10.14 | 11.90
or 3.57 524 | 7.08 9.57 | 11.91 | 11.50 | 13.26 | 16.29
SO = = 9.15 | 13.64 6.97 8.60 | 12.23 | 12.40
SN — = - — — — 6.44 6.54
SO + SN = = 9.15 | 13.64 6.97 8.60 | 10.25 | 10.20
R - — 9.25 | 12.21 | 11.47 | 11.14 | 10.54 9.09
UP - - 9.22 | 12.74 | 10.08 | 10.21 | 10.44 9.47
OP + UP - — 7.73 | 10.13 | 11.66 | 11.35 | 12.89 | 15.07

Explanations: Sh M main shoots
Sh L. lateral shoots
SM  main leaves
LL  lateral leaves

C cones

OP overground portions
SO old stem

SN  new stem

R roots

UP  underground portions

The above mentioned fact is even more evident from Figs. 1 and 2 in which the dry-
-matter contents (W) and their changes and the biological age (BA) and its changes
in the overground and underground systems are compared.

Main results of the growth, reproduction and age analysis of the overground hop
plant organs are presented in Figs. 3 and 4.

Dynamic changes of the main growth elements found out by growth analysis and
hereditarily coded changes of the biological age determined by age analysis doubtless
influence the distribution of the dry-matter produced, which is manifested in the structur-
al changes of the system of overground and underground organs as well as the whole
hop plants. The dry matter structure is shown in Tab. IX.
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295. 126, 266. 107 247 78 218 49

1. Relation between dry-matter (W) and biological age (BA)
of the underground parts (UP) of the three-year old hop
plants. — Vztah mezi suSinou (W) a biologickym vékem (BA)
podzemnich ¢asti (UP) triletych chmelovych rostlin

DISCUSSION

A comparison of the growth analysis of whole hop plants and their overground
systems demonstrates that the results of growth analyses, especially the net assimilation
rate (NAR), have the same course up to August 3. This evidence is a significant metho-
dical contribution which was utilized already in the study by Pichl and Rybacek
(1974) in 5 years old plants. It namely makes possible to perform in mature (3 years
old and older) hop plants with a vigorous underground system growth analysis of the
overground system in the period from the end of May to mid-August without the
necessary dry-matter correction according to the changes of the dry-matter amounts
in the underground organ system. Out of the menticned period there are necessary, even
in mature plants, corrections according to the changes of the dry-matter amount in the
underground organs. In young (one and two years old) plants in which the underground
system considerably increases it is essential to perform growth analysis according to the
amount of the whole plant dry-matter, i. e. including the whole underground system.
Growth analysis is an approved and elaborated method for the general follow-up of the
results of photosynthesis. It was successfully employed in numerous scientific studies
investigating the influence of external environmental factors on the results of photo-
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700 1 141
13
600 1 12
1
500 1 10-
9
400 1 8
300 1 6
54
200 1 4
34
100 { 2
11

295. 126 266. 107. 27 78. 218. 49

2. Relation between dry-matter (W) and biological age (BA)
of the overground parts (OP) of the three-year old hop plants.
— Vztah mezi suSinou (W) a biologickym wékem (BA) nad-
zemnich ¢asti (OP) tiiletych chmelovych rostlin

synthesis. The effect of internal physiological changes in plants, e. g. of such an impor-
tant change as the transition from vegetative into generative phase in plant life and the
growth rate of reproductive organs, was nevertheless studied to a lesser extent. In his
model of plant association, Donald (1961) includes reproductive organs into the system
of non-assimilating tissues participating in the respiration volume.

Niciporovi¢ (1963) states that there are several factors decisive for whether
fertility and dry-matter production in general will be materialized through the leaf
area or through an increased activity of the photosynthetic apparatus.

From the prognostic point of view of stand production the staple product of which
overground or underground reproductive organs usually are, knowledge of the course
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3. Relation betlweetn: et assimilation rate (NAR) and biolo-
gical age (BA) of the vine leaves (LM), axil leaves (LL) and
all leaves (L) of three-year old hop plants. — Vztah mezi
¢istym vykonem fotosyntézy (NAR) a biologickym vékem
(BA) révovych listi (LM), pazochovych listi (LL) a viech
lista (L) tfiletych chmelovych rostlin

of growing of these organs is important. The evaluation so far according to the ratio
of total biomass and market crops is scarcely comparable with the results of growth
analysis in the individual intervals. That’s why we have selected reproductionfanalysis
through which we determine what dry matter proportion is transferred from the dry-
-matter ofthe other overground organs into the overground reproductive organs. The
above mentioned coefficient of the reproductive process allows to conclude about the
intensity of the reproductive process in hop cones. According to the same principles of
reproduction analysis the intensity of the underground reproductive organ formation
(in hop new wood and new suckers) can be determined.

Some authors, e. g. Thorne (1960) and others mention that increasing of the
calendar age of the plants decreases the net assimilation rate (NAR). In our study the
course of net assimilation rate was compared with the course of the biological leaf age;
a negative correlation was found as evident from Fig. 3.

The dependence of the overground reproductive organ yield on the biological
age of stalks (vines and axils) is similar. The biological age determined according to the
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4. Relation between coefficient of reproduction process (KRP)
and biological age (BA) of the vines (ShM), axils (ShL) and
stalks. (Sh). — Vztah mezi koeficientem reprodukéniho pro-
cesu (KPR) a biologickym vékem (BA) rév (ShM), pazochu
(ShL) a stonkt (Sh)

calcium-nitrogen index 10 Ca_ is based on the determination of the older and younger

N

tissue ratio and thus also on the ratio of older and younger cells in the individual organs.

Numerous studies have namely demonstrated that in the older plant tissue calcium
is accumulated in the form of inorganic and organic salts deposited in the cellular mem-
branes and vacuoles. At the same time protein regeneration in the protoplasm is decreased.
These antagonistic processes are reflected in the altered correlation between calcium
and organic nitrogen in older and younger plant tissues which can thus be well distin-
guished from each other and utilized for the determination of the changes of biological
age (BA). In hop the differences in the rate of biological aging are especially conspicuous
in vines and axils and in vine and axil leaves.
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IX. Structure of overground and underground systems in dry matter percentage in
three years old hop plants in the years 1972—1973. — Struktura nadzemni a podzemni
soustavy v 9, susiny u tiiletych chmelovych rostlin v letech 1972—1973

Date 29.5. | 12.6. | 26.6. | 10.7. | 24.7. | 7.8. | 21.8. | 4.9.
Sh M 46.80 | 38.79 | 30.69 | 34.43 | 28.11 | 24.83 | 24.16 | 22.32
ShL 0.45 4.02 7.29 | 11.27 | 13.31 | 13.11 | 12.96 | 14.39
Sh 47.26 | 42.81 | 37.98 | 45.70 | 41.42 | 37.94 | 37.12 | 36.71
LM 52.74 | 53.93 | 38.57 | 25.92 | 17.18 | 14.70 | 14.70 | 16.02
LL - 3.25 8.09 | 14.39 | 14.69 | 15.23 | 17.17 | 15.35
L 52.74 | 57.19 | 62.02 | 52.96 | 40.61 | 32.41 | 31.96 | 31.37
() - — - 1.34 | 17.97 | 29.65 | 30.92 | 31.92
C+L 52.74 | 57.19 | 62.03 | 54.30 | 58.38 | 62.06 | 62.88 | 63.34
SO 32.42 | 33.37 | 28.85 | 28.74 | 26.31 | 24.42 | 20.15 | 17.08
SN 1.61 253 | 4.98 2.26 4.08 9.34 | 12.30 | 10.51
SO + SN 34.03 | 35.90 | 33.83 | 31.00 | 30.39 | 33.76 | 32.45 | 27.59
R 65.97 | 64.10 | 66.17 | 69.00 | 69.61 | 66.24 | 67.55 | 72.41

Explanations: Sh M main shoots
Sh L. lateral shoots
LM main leaves
LL lateral leaves

C cones

SO old stem
SN new stem
R roots
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RYBACEK V .(Vysoka skola zemédélska, Praha-Suchdol). Viiv biologického véku na
nékteré ristové a reprodukéni charakteristiky w tiiletych rostlin chmele (Humulus
lupulus L.). Rostlinna vyroba (Praha) 21 (8) :907-919, 1975.

V pokusech konanych v letech 1972 a 1973 s tiiletymi chmelovymi rostlinami (‘Osval-
duav klon 72’) jsme provadéli rustovou analyzu soustavy nadzemnich organt a celych
rostlin ve ¢trnactidennich lhitach od 29. 5. do 4. 9. Od konce kvétna az do poloviny
srpna jsme zjistili obdobny prubéh rustovych charakteristik u nadzemnich soustav
a celych chmelovych rostlin. Tento poznatek umozZiuje v uvedeném obdobi nahradit
pracnou rustovou analyzu celych triletych a starSich rostlin rustovou analyzou jejich
soustavy nadzemnich organu. Po poloviné srpna a u jednoletych a dvouletych rost-
lin jesté drive pred timto terminem dochdzi k markantnim zméndm mnozstvi suSiny
v podzemnich organech, které zkresluji vysledky rustové analyzy. Pro obdobi narts-
tani nadzemnich reprodukénich organi (u chmele od 10. 7. do 4. 9.) jsme vypracovali
metodu reprodukéni analyzy. Tuto metodu lze téZ pouZit pro stanoveni dynamiky
vytvareni podzemnich reproduénich organt. Pii konfrontaci prubéhu nékterych uka-
telt zjisténych rustovou a reprodukéni analyzou s pribéhem biologického véku (BA)
jsme zjistili, Zze ¢isty vykon fotosyntézy (NAR) je negativné ovliviiovan stoupajicim
biologickym vékem 1listi. Podobné je ovliviiovan koeficient reprodukéniho procesu
(KPR) biologickym vékem stonku a listi.

chmel; fotosyntéza; respirace; ristovd analyza; vékova analyza; nadzemni a pod-
zemni reprodukéni organy; biologicky vék BA, ¢isty vykon fotosyntézy — NAR;:
koeficient reprodukéniho procesu KRP

PBIBAYEK B. (CenncrxoxossifcTeHniit wuucruryr, Ilpara-Cyxmon). Bamanme 6umoxormueckoro
BO3pacTa HA HEKOTOphle XapaKTEPHCTHKH POCTA H BOCHPOHMSBOACTBA y 3-JeTHHX pACTEHMH XMens
(Humulus lupulus L.). Rostlinnd vyroba (Praha) 21 (8) : 907-919, 1975.

B xone ommitoB Ha 3-yeTHux pacreHusx xMens ('Ocpansnos xmom 72') B 1972 u 1973 rr. Mu
NpOBEJHM aHaJu3 pOCTA CHCTEMbl HASeMHBIX OPraHOB M BCeX pacTeHHil B 14-IHeBHBIE CPOKH
¢ 25. V. mo 4. IX. B nepmon or KOHHAa Mas IO NEPBOH INOJOBUHBEI ABryCTa MBI YCTaHOBMJIM
ULMHAKOBEIH XOI XapaKTEPHCTHK pPOCTA y HA3eMHLIX CHCTeM M y ILieJbiXx pacTeHuH. D10 ycTa-
HOBJIEHME TIO3BOJIA€T 3aMEHUTh B NAHHBIX NEPHOJN TPYNOEMKHI aHAJIHM3 POCTa IENbIX 3-JeTHHX
W CTAapmUX pacTeHHH aHAJM3OM pOCTA MX CHCTeMhl HaseMHEIX OpraHOB. Bo BTOpO#l mnoJOBHHE
aBrycra, a y OIHOJIETHMX H IBYXJETHHX pPAacCTeHHil elje paHbIle IPOHCXONAT YyBCTBUTEJbHBIE
M3MEHEHHA KOJMYECTBA CyXOrO Bem]eCTBa B NON3EMHEIX OpraHaX, KOTODHIE MCKAXXAlOT NaHHEIE
aganusa pocra. Ha mepuon HapamuBaHHs HaseMHBIX opraHos pasMmuokeHus (y xmexs c 10. VIL
no 4. IX.) Mbl COCTaBMIM MeTOX BOCHPOMSBOACTBEHHOIO AHANUSA. OTUM K€ METOJOM MOKHO
BOCTIOJIB30BATECA M IIA ONpeNeNeHHsA NWHAMHUKA O0DasOBaHMA NON3EMHBIX OPTaHOB PasMHOMKEHHS.
CpaBHeHMe XOna HEKOTODHIX NOKasaTeleif, ONpeNeJeHHHX NO METOLy aHaJHWsa pOCTa M PA3MHO-
’KeHHA, ¢ xonoM 6uonormueckoro Bospacta (BA) noxasano, uro ma uumcrmiit appexr dorocuHTesa
(NAR) orpuuarenbHO BAMAET yBEJIHYABAIOIIUMACA GHONOTHUECKHIL - BO3pacT aucTheB. Ilomo6uoMy
BIMAHUIO NONBEpKeH M Kooddumuent pernponykrmeHoro mpomecca (KRP) co cropomst 6uonoru-
4EeCKOTro BO3pacTa Crebieif W JHCTHEB.

xMenb; (POTOCHHTE3; pecnMpanus; aHAJM3 DPOCTAa; aHAJU3 DENpONyKIHH; aHANH3 BO3pacTa; Hau-
3eMHbIe M TON3eMHBIE OpraHbl PasMHOXEHHs; Omonormueckuit BospacT BA, umcrhit adpexr poro-
cunresa — NAR; xospdunuent penponykrmsroro mpomecca KRP

Adresa autora:
Prof. ing. Vaclav Rybacek, CSc, Vysoka Skola zemédélska, 165 03 Praha-Suchdol
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RECENZE

ST RS SRS

SOUBORNE PRACE O POKROKU V EKOLOGICKEM VYZKUMU

Sbornik Advances in ecological research, sv. 8, 1974, vydavatel A. Macfadyen.
Vydal Academic Press, London and New York, 1974, 418 s.

(Pokracovani recenze, jejiz prvni ¢ast je uvedena na str. 906.)

Ctvrta kapitola je vénovana vysky-
tu a vzajemnym vztahtiim niz8ich Zivo-
¢ichl, zejména hmyzu. Podle systematic-
kého roztiidéni se uvadéji druhy uzitedé-
né a S§kodlivé, resp. druhy jiné hubici.
Jsou uvedeny korelace mezi parazity a
hostiteli i daldi vzajemné vztahy mezi
druhy.

Pata kapitola se zabyva specialné ko-
roptvemi, jejich §ifenim, pfi¢inami
ubytku a opétného zlepSeni stavii vlivem
raznych opatfeni, pro néZ byl ziskan
podklad vyzkumem. Z praktického hle-
diska je tedy prace zaméfena na biolo-
gicky boj proti Skodlivym é&initeliim a
na ochranu piirody. Zkouma vsak mno-
hostranné vztahy koroptvi k jejich Zivo-
¢isné i rostlinné potravé, jejiz vybér je
¢ini pro zemédélstvi tak uZite¢nymi,
k prostiedi a podminkdm, za kterych se
vyskytuji ve vétsi éi mensi mire, a k dru-
him, které je pronasleduji.

Autofi zpracovavaji problematiku eko-
logie obili z komplexniho hlediska, v za-
véru uvadéji pri¢iny vzrastu vynost vli-
vem Slechténi a moderni agrotechniky
a vsech prostfedkd, kterych se vyuziva,
a upozornuji na moZné dlouhodob& pi-
sobici faktory, které mohou ovliviiovat

produktivitu a jsou zatim mimo mozZnost

piimého usmérnéni élovékem.

Autori predpokladaji, Ze dalsi- ekolo-
gické studie poskytnou ddaje, umoziiuji-
ci dalsi zvySovani zemédélské produkti-
vity, aniZ by byly zbyteéné narufovany
ekologické procesy a prostiedi u trav-
nich a jetelotravnich porosti (luk a past-
vin), kde se ofekava znaéné zvyseni pro-
duktivity pouzitim pesticidi, které se na
tomto useku zemédélské vyroby dosud
pouzivaji pomérné malo.

Dalsi prace (W. Streifer) je véno-
véna realistickym modelim v populaéni
ekologii. Prdce zpracovavd matematic-
ky problematiku vztahti vzhledem k ve-
likosti a stafi élent populace uvnit¥ dru-
hu a dale interakce dvou a vice druh.

Posledni prace ve sborniku se tyka po-
pulaénich cykli u drobnych savet (C. J.
Krebs, J. H Mayersova). Zaujima

Ing. Jiti Kuéera, CSc.,

131 stran véetné deseti stran literatury.
Prace se zabyva malymi hlodavei, hra-
bo$i a lumiky a v souvislosti s tim né-
kterymi jinymi druhy savcu. Cyklické
pfemnozovani hrabosu je znamé jiz cela
tisicileti, presto se posud populaéni cykly
nepodarilo uspokojivé vysvétlit. U ma-
lych hlodavet jsou obvyklé populaéni
cykly v obdobi tii az étyr let.

Autofi se zabyvaji podrobné udaji
o populaénich cyklech hrabosi, véetné
hrabose polniho Microtus agrestis, vlast-
ni citované prace a pokusy se zabyvaji
americkymi druhy. Shrnuji a hodnoti do-
savadni poznatky o pfi¢inach populaé¢nich
cykl(i. Razné hypotézy vysvétluji popu-
laéni cykly ve vztahu k potravnim moz-
nostem, vlivu organisma zivicich se
drobnymi hlodavei, vlivu klimatu a pra-
béhu pocéasi a hledaji vysvétleni podsta-
ty pravidelného vzniku pfemnoZeni a
opétného poklesu, kterda spoc¢iva v biolo-
gickém charakteru jednotlivych druhu.
Zabyvaji se proto zejména hypotézami
vlivu stresu, chovdni a dédiénosti. Tyto
vlivy vzajemné souviseji, protoZe stres
ovliviiu)e chovani, které je zavislé na
dédi¢nych faktorech a pifi rustu popula-
ce, dosazeni vrcholu i opétném poklesu

-se uplatiiuje ruzné selekce podle chovani

i jinych znakt a vlastnosti. Pfi rustu
populace se ziejmé uplatiiuji a mnozi
produktivni a ,uéenlivé“ typy, s pfemno-
Zenim se pravdépodobné uplatiiuje vys-
§i agresivita na ukor produktivity. Po-
pulaéni cykly vznikly evoluéné a maji
zl'ejmé vyznam-pro zachovani a evoluci
druhu. Lze piedpokladat, Ze tento auto-
regulaéni systém se udrzuje piirodnim
vybérem v zavislosti na genetické pod-
minénosti a vyhodnosti cyklickych zmé&n
populaci.

Prace je zameérena na zdkladni vyzkum
problematiky, ale ma bezprostfedni vy-
znam pro vyzkum aplikovany.

Sbornik je doplnén autorskym a véc-
nym rejstiikem. Lze ocenit dukladnost
jednotlivych praci a kriticky p¥istup
k dosud ziskanym poznatkim vé&etné
vlas;rr:ﬁich vyzkumnych praci. jednotlivych
autort.

UVTI, oddéleni pro studium svétového zemédélstvi a lesnictvi, Praha

Podepsano k tisku 28. listopadu 1975



OBSAH

Cerny V.: Uvodnik . . . . 798
Cerny V.: Produktivita polmch plodm nékterych stanovn§£ v Cechach 807
Hru$8ka L., Janiéek J, Bednafova E.: Produktivita hlavnich pol-

nich plodin na jizni Moravé v ¥ . 816
Vrkoé¢ F.: Vliv agrotechnickych opatieni a stanowStmch podmmek na dyna--
miku rastu a produktivitu hlavnich polnich plodin . . .. 822
Krisfan F.: Zvyseni produkce blomasy hlavnich polmch plodm na nékolika
lokalitach v Cechéch . . « = 885
Repka J, Kostrej A.: Zavxslosc produkéneho procesu na 7menach kli-
matickych faktorov P .. . B84
Simon J.: Produkce blomasy nekterych polmch plodm pri Ldvlaze na lehké
pudé s % . . 859

Kopecky M thr L Pealk . Zemanek M Zenlﬁéeva )
Fyziologicka chara}\tenstlka a odrudova technologie péstovam vysoce vVynos-
nych odrad jarniho je¢mene a ozimé pSenice . . . w om B2

Strnad P.: Produkce biomasy obilnin pfi jejich péstovam v monokulture 884

Petr J.: Fotosynteticka produkthta mzk?ch a vysokych odrad hrachu (Pi-
sum sativum L.) . .. 894

Ulehla J, chhova L Vodm potenc1al v éepehch cukrovky péstované
v polnich podmmkach a potencidlni evapotranspirace . . . 905

Rybacé¢ek V.: Vliv biologického véku na nékteré ristové a reprodukém cha-
rakteristiky u tfiletych rostlin chmele (Humulus lupulus L.) . . . 919

Recenze

Souborné prace o pokroku v ekologickém vyzkumu . . . . . 906 a 920
COIEPXAHHE

Yepusn B.:. IlepemoBas crates . - . . . . . . . . . . . . 797
Yepun B.: Ypomaﬁnocrb NOJIeBBIX KyATYp B Heko'ropux MecTax INPOH3pacTaHMs
Yexuun , . . el & . . . . . 808
IF'pymxka JI, }Iﬂuqex I/I Bennap)xona 3 Ypomai’mom TIaBHBIX I10JIEBBIX
KyJbTYp B IOKHOM MopaBu# . . . . . . . . . . . . . . 816
Bpxou @.: BiusHHMe arpOTeXHMKM M MECTHHIX YCJIOBMI HAa IMHAMHKY pOCTA M IIpO-
OyKTUBHOCTh IJIaBHBIX IOJEBBIX KyJABTYP . . . . . . . . . . . 823
Kpxumrara P.. Yperuuenue 6mOMacchl T/IaBHLIX II0JEBBIX KyJbTYp Ha HECKOJBKUX
mecrax Yexum . . & % w @ w B @ s @& @ w© a O35
Penxa W, Koc'rpe u A 3asncuMoc1'b nponecca 0O6pa3OBaHUA IPONYKLHH OT Ile-
peMeHbl KIMMAaTHUYeCKuX (aKTOpoOB e E. B B &8 ™ ow s & & o 544
Mumon MN.: Hponyklma 6uoMacchl HEKOTOPBIX IOJIEBBIX KyJBTYD B YCJOBHAX OpOlle-
HHMA JIETKMX TIOYB s § 2. & s w3 859

Koneuxkui M., Han Jl l’lemux I(I 3eMaHex M., 3eﬁuuxena JL.:
Duauonoruyeckas xapakTePUCTHKA M COPTOBAA ArpoTeXHWKAa BBLICOKOYPOKANHBEIX COPTOB

APOBOTO AYMEHSA M O3UMOM IIMEHUIEI S & w8 W & & e m % @ 1013
Crpuan II: Ilponykuumss 6HOMAaccsl 3epHOBBIX MPH MX BHPAUIMBAHMM B MOHO-
KyJbType 2w T e Sl W8 % W ¥ 8 & & o3 o@m % @ @ B84
Merp W.: @orocuHTeTHYECKAas NPOAYKTHBHOCT HM3KO- H BHICOKOCTeGENBHBIX COPTOB
ropoxa ¢ 8 5 = oM 8 s ¢ & w & s @ ‘895

Ynerna ﬂ 3nxosa J'I Bonuelit moTeHHMan B MIACTHHKAX THCTHEB CaxapHOU
CBeKJIBI, nupamusaeuoi’i B IIOJEBBIX YCJOBUAX, M OTHOWMIEHHE MEXNy aKTyaJIbHOH M NOTEH-

OHaNbHON SBAaNOTPAHCIMPALUAME S & B B i & » 3 @ o« 905
Pumb6agex B.. Biumsane 6mosormyeckoro Bospacra Ha HEKOTOphle XapaKTEPUCTHKH poOcTa
U BOCMPOMSBONCTBA y 3-7M€THMX pacTeHW¥i xmens . . . . . . . . .. 919

Peuensus
CopoxynHas pabora O mporpecce B IKOJOTHYECKOM HAyYHOM MCCJeNOBAHHH 906 u 920




47231

CONTENTS

Cerny V.: Editorial s s w8 & s e _w w & % w  w w199
Cerny V.: Dry Matter Production of Field Crops at Some Localities in
Bohemia 2 s G, W ‘ s . o & ; .. 801
Hru§ka L., Jani¢ek J, Bednarova E.: l’mducl.\lly 0[ Main Field
Crops in Southern Moravia . . . 809
Vrkoc¢ F.: The Effect of Cultt ml Pla('tlu‘s (m(l (nndllm‘)s of Locality on
Growth Dynamics and Productivity of Main Field Crops . . . 817
Krisfan F.: Culturai Practices and Phytomass Production in Field Crops at
Several Localities in Bohemia . . . 825
Repka J, Kostrej A.: Depe nde.nne oi thc Pr ocnuctxon ch»cess on Changes
of Climatic Factors . . 837
Simon J.: The Pmducwn ()l I"*\lf)mass in Qome F1e1d C1 ops under Irrigation
on Light Soils . . . . . . . 845

Kopecky M., Niatr 1., I’wéf!\' Fes Zemixnelc M., /enlsceVd Liss
Physiological Characterictics and Varietal Growing Technology of High Yield-

ing Spring Barley =znd \Winte:r Wh>eat Varieties . . . . . . . 861
Strnad P.: Phytomass Preiductic: in Cereals Cultivated in Monocul-
ture . 5 . 5 " . ; g . % . 3 . 875
Petr J.: Photosynthetic Preductivity of Ta]l and D\\alf Vanetles of Pea
(Pisum sativum L.) . = 3 = . . 885
Ulehla J, Zichova L.: Water Potentml in Leaf Blades of Field-Grown

Sugar Beet Plants and the .“ctual to Potential Evapotranspiration Ratio . 897
Rybacek V.: The Influence of Biological Age on Some Growth and Re-
production Characteristics in Three-Year Old Hop Plants (Humulus lupu-

lus L.). , 907
Book-Review

Advances in Ecological Research . . . . . . . . . 906 and 920
INHALT

Cerny V.: Einleitung . . 4 W e s s s e w (res. EMOT)
Cerny V.: Die Pxoduktlvxtat von Feldfriichten einiger Standorte in
Bohmen . . . . . . . . (res. E/801)
Hru$Ska L., Janic¢ek J, Bednalova E Dle Pxodukthtat von wich-
tigsten Feldfruchten in Sudmahren i . (res. E'809)

Vrkoé¢ F.: Der Einflul von anbautechmschen MaBnahmen und Standort-
bedingungen auf die Wachstumsdynamik und Produktivitdt der wichtigsten

Feldfriichte 3 .. (res. E'817)
Kristan F.: D1e Frhohung dex Blomasseprodul\txon bel wichtigsten Feld-
friichten an einigen Lokalititen in Béhmen . . . . (res. E/825)
Repka J, Kostrej A.: Die Abhingigkeit des Pxoduktlonspxozesses von
den Vex"ainderungen der klimatischen Faktoren . . (res. E/837)
Simon J.: Die Biomasseproduktion einiger Feld[riichte bei Bewisserung
auf leichtem Boden . . . . . . .. (res. E/845)

Kopecky M, Natr L., PesSik J., Zemanek M Zenisc¢eva L.:
Die physiologische Charakteristik und die Sonentechnologxe des Anbaus von
hoch ertragreichen Sommergersten- und Winterweizensorten . (res. E/861)
Strnad P.: Die Biomasseproduktion der Getreidearten bei deren Anbau
in Monokultut . . (res. E/875)
Petr J.: Die photosynthetxsche Produl\tlvxtat dex me’ingen und hohen Erbsen-
sorten (stum sativum L.) . . (res. E/885)
Ulehla J, Zichova L. Das Wasserpotentxal in den Blattflachen bei der
Feldbedmgungen angebauten Zuckerriibe und das Verhiltnis der aktuellen und
potentiellen Evapotranspiration . . . (res. E/897)
Rybac¢ek V.: Der Einflufl des bxologlschen Altexs auf einige Wachstums-
und Reproduktionscharakteristiken bei dreijihrigen Hopfenpflanzen (Humulus
Wwpalus L) o « w & & o« 0w % w o ow @ & o« w a w (TeS:Ef90T)

Buchbesprechung

Umifassende Arbeiten iiber den Fortschritt in der okologischen Forschung .
o o w e (res. E/906 und 920)

Rozsifuje Postovni novinové sluzba. Objednavky a pfedplatné pfijima PNS —
ustfedni expedice tisku, administrace odborného tisku, Jindfisska ulice 14,
11000 Praha 1. Lze téZ objednat u ka?dé podty i poitovniho dorucovatele.
Objednavky do zahrani®f vyfizuje PNS - ustfedni expedice tisku, oddéleni
vyvozu tisku, Jindfisska ulice 14, 11000 Praha 1. Vytiskl MIR, novinarské
zavody, n. p., zavod 6, Legerova ulice 22, 120 00 Praha 2.



