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The content of net energy in the conversion to the whole hop plant and differ-
ent organs is significantly affected by irrigation. Differences between irrigated
and non-irrigated plants in the amount of accumulated energy between irri-
gated and non-irrigated plants are in July, i.e. in the formation of hop cones.
Significant differences are also in the amount of accumulated energy in hop
cones when in irrigated plants more net energy by 23.33 to 30.46% was
measured than in non-irrigated ones.

hop; irrigation; accumulation of net energy

INTRODUCTION

The study of energy accumulation in plant tissue allows to evaluate effi-
ciency of energy conversion in photosynthesis on the basis of increments of
internal energy in tissue (Sestak, Catsky, 1966). With respect to dif-
ferent values of energy of containing substances and their different represen-
tation in plants but also in their different organs, energy is not accumulated
evenly by plant species or their organs. It follows from it that the energy
content has a dynamic character in plants during the vegetation (Golley,
1961; Lieth, 1977). The growth of energy is therefore bound to the content
of substances produced by photosynthesis and their further metabolic trans-
formations. Except the effect of intensity of photosynthesis, the effect of
genotype and action of external environment participates in energy value of
biomass, as reported by Goll ey (1961).

The hop growth, and hence biomass production and energy accumulation,
4 much affected by sum of precipitation and their correct distribution during
Vegetation. Therefore, in our trials we were dealing with the effect of irriga-
tion on accumulation of net energy into vegetative and generative organs of
hops during vegetation. Amount of accumulated net energy is correlated with
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amount of produced dry matter both in the whole hop plant anq in different
organs. Despite it the study of net energy gives more exact picture on the
prgduction consumption and transport of assimilates produced by photosyn-
thesis.

MATERIAL AND METHODS

The experimental plant material were plant.s of Saaz §em1‘-'ef1r.l.y ‘re‘d;hmc
hop, clone 72. Field trials were estab‘lxshed in two yarlagt.s.: 1r1'1gt1[:i?b‘;,1‘l]d
non-irrigated ones. Irrigation was provided .through trickle nllgatmn.’msmb-
uted above the rows of hops. Irrigation regime was controlled kjy p’[(‘}%ﬂ()gls
of consumption of efficient irrigation rates in weekly balanc; C)l/)dei (1“@,1b 0.
During vegetation traditional cultural practices were used mh Ot?_\’ﬂi;ants.
The sampling date of experimental plants was.deter}mned tot ‘e.mdimk 1)\"[§eq
in the growth of a hop plant. The first samph.ng of plants was in t']j, pi(,ll()d
after establishment of hop bines on hop training to tt‘le height of sm;?u 2 m
(May), the second sampling was done at the height of stand 2 tof4hm“s,\]‘ime),
the third sampling was at the height .of stand 4 m to the to? of hop frame
(Tuly), the last sampling was before ripeness of cones (August). N

For each sampling above-ground part of four average hop plants Wd:é‘ e?
from 40 plants in the stand. As the top stem grows to 9 m, abqve—g1 O;zﬁn part
of these plants was divided into three storeys. Each storey of. hop ?ijtwqrs]
analysed according to the organ structure into leave§ on butxes, L:.«.n\ %bt‘o
shoots, bines and small bines of shoots, including leaf stalks and generative

: and cones. .
Org/il’:'tsérﬂc?rv;iel:; Ci(l)lv:lr)e drying room to the constant weight, We;gm of .dry
matter of ()rga;s of hop plants in different storeys was .determm_efi. ?C\;c?a:rg(c)
1 g samples were prepared from dry matter to determine burrll\l/.nqc o .was
measure burning heat, adiabatic burning calorimeter LAGET MS 1

1. Survey of supplied amount of irrigation water

used. Burning heat was calculated using the Czechoslovak Standard CSN
44 1352 (without correction to solving heat of sulphuric acid and nitric acid).

Burning of each sample was replicated three times. The total content of
net energy (energy without ashes) in KJ in dry matter of different organs of
hop plant was determined from the values obtained.

RESULTS AND DISCUSSION

Weather conditions of both experimental years were not favourable for the
growth and development of hops. Both the years were above average regard-
ing temperature, but below the average for precipitation. In 1997 the sum of
precipitation for the period April to August was 210.8 mm, what is less by
59.2 mm than the normal (long-time average). In 1998 in the same period the
sum of precipitation was 188.0 mm, what is less by 82.0 mm than the normal
(Table II). Precipitation deficit which arose was controlled by irrigation. In
1997 in experimental area 43.8 mm of precipitation was substituted by irri-
gation and in 1998 79.08 mm of precipitation (Table I).

Such unfavourable years for the growth of hop reflected both in the yield
formation and in the total accumulation of net and in different organs, as well
as in the whole plant, of course.

During the vegetation the content of energy in the above-ground part of
hop plant was increasing gradually in the whole above-ground part of hop
plant in both variants and experimental years, what is given by increasing
amount of biomass.

When evaluating the effect of the year as affected accumulation of energy
in the above-ground part of plant, there was no statistically significant differ-
ence between experimental years. This was evidently caused by the fact that

in 1998 when more energy was accumulated per unit of dry matter when less
biomass was produced.

IL Survey of average temperatures and precipitation in different decades from April to August
1997 and 1998 - Zatec

3. =1 Amount of water per efficiently
ihtnont o B irrigated area (mm) |
Date
1998
1997 1998 1997 —
Mug 15 52 9.25 32.
421
June 27 23 16.65 17 "
July 20 29 1235 17.
14.81
August 9 25 555 —_——‘;9,58/
Total 71 129 43.80 .
48
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Mionth Average daily temperature (°C) Sum of precipitation (mm)
normal (°C) 1997 1998 normal (mm) 1997 1998
April 7.8 6.2 10.4 29.0 22.8 14.6
May 12.6 14.5 15.1 59.0 26.8 7.4
June 16.0 16.4 18.7 56.0 44.6 75.0
July 17.5 17.8 18.3 71.0 712 59.0
LAugust | 167 18.9 18.1 55.0 39.4 32.0
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‘ ‘ In both experimental years more energy was in irrigated plants durin the I
i whole vegetation compared with non-irrigated ones. Greatest differenceg i 187"
i the content of net energy between non-irrigated and irrigated variants Were 16}

i recorded in mid-July, i.e. in the period of formation of hop cones. In 1997 {,

i this period in one irrigated plant was accumulated 7 460.43 KJ on average, 1,4 )
\ what is more energy by 30.54% than in non-irrigated plants (5 181.70 K. 1,2
“i In 1998 5 724.36 KI were accumulated in irrigated plants in the same period, 1 v
“: i.e. more by 29.00% than in non-irrigated plants (4 064.28 KJ). In the perjoq °v8*'"’/~/ i

‘ before the harvest of hop bines was in one hop plant concentrated frop
“U‘ 6 675.2 KJ to 9 702.9 KJ (Table III). It follows from these results that
“ i irrigation of hop plants increases significantly the total amount of net energy
in above-ground part of hop plant.
H‘ This result corresponds to the conclusions made by Cislak, Held;
(1984) who report an example of the following crops: winter wheat, maize,
H | sugar beet and annual fodder crops that total production of energy was always
| 1 higher in irrigated plants. ‘
| Differences in accumulation of net energy can be also found on the level
of different organs of a hop plant (Table IV).

In hop cones is a marked difference in the content of energy not only

between variants but also between experimental years. In 1997 in non-irri- b . ‘ _ .
gated variant was 2 320.32 KJ of energy and in irrigated variant it was also in irrigated plants in which the yield of dry hop cones amounted to

—1 o 5 5 e
3 336.75 KJ, i. e. 30.46% growth. In 1998 1 081.19 KJ in non-irrigated and 0-712 ha and L1 b ' only (Fig. 1) in non-irrigated plants.
1 410.19 KJ in irrigated variant, i.e. 23.33% increase. Decrease in the content L gelgy' actc“m:;]fgzd 11; hop cones in 199.7 represents 29.18% in non-irri-
of energy in hop cones in was 46.60% in non-irrigated variant and 42.26 % gn ; V?rlalngg?gn' 40% in irrigated variant of the total ‘amount of net
in irrigated variant. These marked differences between experimental years ergy. In in hop cones of the total amount of energy in non-irrigated

1997

1. Yield of dry hop cones (1997 and 1998)

x-axis — year of experiment, y-axis — yield of dry hop cones (t.hzf')
non-irrigated variant, [ irrigated variant

were caused by the fact that in 1998 due to the deficit of moisture less hop
cones were produced compared with 1997.

These results correspond with the yields of hop cones. In 1997 t I
of dry hop cones 1.64 t.ha™ was recorded in irrigated plants and 1.2 5 F'hﬂ
in non-irrigated ones. In 1998 a marked precipitation deficit was manifested

I1L. Total net energy in above-ground part of a hop plant N

Total net energy in KJ -

1997 1998 |

date of sampling
17.8.

Variant 26.5. 16.6. 14.7. 13.8. 18.5. 9.6. 15.7. J—/
25 |6 675.22

Non-irrigated | 561.88 |2 784.73 |5 181.7 |7951.41| 615.28 |1 969.72|4 064_4‘\16 675 ]
y 2 369.9

Irrigated 730.05 |2 990.54 |7 460.43 |9 702.94 | 726.64 |2 427.34 5 724.36 i’%/

date of sampling
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variant was only 16.20% and 16.85% in irrigated variant. These data can be
compared with the results obtained by Kafka (1983) who gives that 25 to
35% of energy is accumulated in hop cones of the total amount of energy.

The effect of the year was not significantly reflected in accumulation of
energy in leaves on shoots. Certain differences were recorded in the content
of energy in these leaves between variants when in mid-July much more
f‘-nf:rgy was accumulated in leaves on shoots in irrigated variant than in non-
Irmgated variant.

Di_fferences in accumulation of energy between the years were reported
fllSO in hop bines. In 1997 much more energy was accumulated in hop bines
In the period from 16 June to 14 July compared with the fact that in 1997
Were more favourable conditions for their intensive growth. In addition, in
(11997 in the period before the harvest the content of energy in hop bines
inecreased.' In 1998, on the conFrary, the content of energy in hop bine rose

the period before harvest. Simultaneously with it, there were differences
“tween variants in accumulation of energy into bine. More energy was

S
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{ i
1 accumulated in hop bine in irrigated variant compared with non-irrigated
\ { legslg s s E variant one. o
‘ “lg g g? % § g @ = Th‘e only organ .where differences between variants were not significantly
‘ Sl A B A I e manifested were bine leaves.
| ‘ Based on the knowledge of the content of energy in one average time of
‘ ‘ A ERIETRE % a hop plant (including cones) the total amount of energy produced per hectare
\ of Bl oy = o ol (3 Ix 3 5 can be estimated. In 1997 in the period before the harvest 53.00 GJ.ha™" were
| E|2IR &8 & 5|d @ o« ! o P T g
i _E == i = accumulated in non-irrigated variant and 64.68 GJl.ha~' in irrigated variant.
M| gl 3 In 1998 44.50 GJ.ha™' were accumulated in non-irrigated variant and
|5 o Q= % & & 55.79 Gl.ha™ in irrigated variant. The total amount of energy comprised in
% gl © % | E EE 3 hop mashlp61: hectare was ;tudied b)./.Ka flf a (1983) who reports that 59 to
= — 97 GJ.ha™ of energy remain non-utilised after the harvest.
Increased amount of energy in irrigated variant compared with non-irri-
5 T 3 |z =® gated variant in 1997 amounted to 11.68 GJ.ha™' and 11.29 GI.ha™' in 1998,
£ | @ o 5 : (S ' Increased energy after irrigation in some crops was reported by Stragil
& « “ (1987). It follows from the results that irrigation in both experimental years
g - - markedly increased not only the amount of energy accumulated by plants, but
o0 ‘ 5 . . ~
B a4 3 § E O silmultaneously with it also the amount of energy accumulated per hectare of
o0 0
3 I A hop garden.
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HNILICKOVA, H. — NOVAK, V. (Ceska zem&dé&lska univerzita, Agronomicka f;.
kulta, Praha, Cesk4 republika):

Zmény obsahu energie ve vegetativnich a generativnich organech chmele (r7,.
mulus lupulus L.) béhem vegetace.

Scientia Agric. Bohem., 31, 2000: 241-248.

Akumulace energie ma béhem vegetace dynamicky charakter a je ovliviioving
genotypem a prib&hem povétrnostnich podminek (Golley, 1961; Lieth, 1977)
Chmel je rostlina velmi ndrofnd na mnoZstvi a sprdvné rozloZeni sriZek béhem
vegetace. Nedostatek srdzek lze fesit zavlaZovanim, na které chmel citliveé re:
Proto jsme se v letech 1997 a 1998 zabyvali fotosyntetickou akumulaci ene
jednotlivych nadzemnich orgdnd u zavlaZovanych a nezavlaZovanych chmel
rostlin (Osvaldav klon 72).

Na zaklad& vysledkd Ize konstatovat, Ze zavlazovéani vyznamné zvySuje mnozstvi
akumulované netto energie v chmelové rostliné. Nejvétsi rozdily v obsahu
energie mezi nezavlaZovanou a zavlaZovanou variantou byly v poloviné Cervence,
tedy v obdobi tvorby chmelovych hldvek. V roce 1997 bylo v tomto obdobi u zavla-
fovanych rostlin v priméru o 30,54 % vice energie neZ u nezavlaZovanych rostli
v roce 1998 pak 0 29,00 % vice (tab. IIT). Vyznamné rozdily jsou rovnéZ v mnoz
energie akumulované v chmelovych hldvkach, kdy u zavlaZovanych rostlin bylo na-
méfeno o 23,33 az 30,46 % vice netto energie neZ u nezavlazovanych rostlin. Tyto
vysledky jsou v souladu s vynosem chmelovych hldvek. V 1oce 1997 byl u z
vanych rostlin vynos suchych chmelovych hlavek 1,64 tha! au nez’nla ‘ovanych
rostlin 1,35 tha™l. V roce 1998 se vyrazny srazkovy deficit projevil i u zavlaZova-
nych rostlin, u kterych byl vynos suchych chmelovych hlavek 0,76 t.ha™', zatimco
u nezavlaZovanych rostlin byl pouze 0,18 t.ha” I (obr. 1). Na zdkladg znalosti primér-
ného mnoZstvi energie v jedné chmelové rostling lze odhadnout celkové mnoZstvi
energie nahromad&né v rostlindch rostoucich na jednom hektaru chmelového porostu.
V roce 1997 mk bylo v obdobi pred sklizni akumulovano u nezavlaZzované varianty
53,00 Gl.ha™" a u zavlazované varianty 64,68 GJ.ha™'. V roce 1998 bylo u nezavla-
7ované varianty akumulovino 44,50 GJ.ha™ 1 a u zavlaZované varianty 55,79 GJ. ha™'.
ZvySeni mnoZstvi energie u zavlaZzované varianty oproti nezavh/ovane varianté ¢inilo
v roce 1997 11,68 GJ.ha™' a v roce 1998 11,29 GJ.ha™'
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