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Irrigation of hop plants in the period of moisture deficiency is increasing an
amount of produced dry matter in conversion per hop plant statistically sig-
nificantly. In 1997 more dry matter by 31.58% was produced in irrigated plants
and in 1998 by 22.37% more dry matter than in non-irrigated ones. Significant
differences between non-irrigated and irrigated plants were recorded in dry
matter of hop cones. In 1997 more dry matter of hop cones by 32.37% was in
irrigated variant compared with non-irrigated variant, and in 1998 it was more
by 28.75%. Irrigation also increases assimilation leaf area of a hop plant sta-
tistically significantly. In 1997 maximum leaf area found on 13 August was
4.736 m? in irrigated variant and 3.455 m® in non-irrigated variant. In 1998
maximum leaf area was 3.160 m?® in irrigated variant with respect to more
frequent start of vegetation already on 15 July. Maximum leaf area was
2.946 m* in non-irrigated variant on 17 August.

hop; irrigation; dry matter; leaf area

INTRODUCTION

Hop is a plant much demanding for amount of precipitation and predomi-
1antly on their suitable distribution during vegetation. Different authors re-
'ort different amount of water needed for hop growth and development. As
ported Mohl (1924), the annual sum of precipitation ranging from 450
2600 mm is needed. Linke and Rebel (1950) consider 300 1 water
Ohsumption per each kilogram of hop organic matter. Vent (1963) reports
1500 1 of water is needed to produce 1 kg of green matter. Zdzvorka
?d Zima (1956) calculated the need of precipitation according to the
)0 uction of dry matter per 1 hectare and came to the amount of precipita-

" 235 mm, However, optimal ratio of precipitation and temperatures is
Prerequisite of the yield.
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nions among the different authors on the period,

There are different opi
demanding for plenitude of precipitation.
he months May, June and July

where the hop is the most

A correct distribution of precipitation in t
is a prerequisite of good yield as considered by Linke (1942) and Z4az-
vorka, Zima (1956). On the contrary, according to Osvald (cit
Vent, 1963), May precipitation is less important than precipilation in June
and July. This has been also confirmed by Klapal and Klap al (1963),
but only under presupposi{ion that April was rich in precipitation.

Slavik (1971) states that the hop has the maximum demands for pre-
cipitation in the time of the most intensive growth, 1.e. in June. Almost two
thirds of the total biomass of plant and shoots grow in this month. Lower
amount of precipitation is more suitable in August, i.e. tO the end of vegeta-
tion, as their high amount has adverse effects on the quality of cones.

Hautke and pettfilek (1972) report that the yield level is much
affected by precipitation in the last third of July and first half of August.
Pastyiik (1973) is also of the similar opinion, and he gives, that the hop
yield is very influenced by precipila\ion in July and August.

Based on the knowing of the demands of hop for amount of precipitation
and their distribution during vegetation, problems of the utilisation of irriga-
tion to increase the hop yields was studied in detail.

Sachl and Kopecky (1972) in field trials proved 25.99% increase of
the yield by application of single irrigation rates amounting to 30 mm at the
onset of anthesis and in the period of cone formation. Along with it, a good
effect of irrigation on the hop quality and the content of brewer’s most
important components were found.

Ristic (1986) was dealing with the hop yield with irrigation and without
it. He found that when the hop was cultivated in conditions with irrigation,
the yield increased from 851 to 22.13% compared with the hop cultivaté

without irrigation.

the quality

Kopecky (1991) studied the effect of trickle irrigation on
and yield of hop cones. He reports that replicated trickle irrigation in a sult-
Yield in-

ve effect on the yield and quality of cones.
compared with the i:ontl‘ql.

irrigation regime uttl-

able date has a positi
crease for the studied period was 26% on average,

Sasin (1993) compared the methods of control of
izing meteorological data and physiological parameters. Statistically signift”
cantly highest yield was achieved at the control of irrigation by the melh})(

-igﬂtloﬂ

of measurement of osmotic potential. In addition he presents that it
orOW

applied 1t time in the second half of June will cause that plants will gro¥ ;
to the height of frame and thus the formation of conic habitat will be el
nated. Together with it will be improved branchi

ng of shoots. L&
applied before a hesis will im rove 5
pp p

nthesis and in the time of ant
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of flowers and will provi :
oo, provide balance of hop cones in the period before
cone

Slavik and Ko :
s pecky (1994) hav
- . iy . ave pr " e
. ive Irrigation rates ‘ of 13.16 t.ha™ was
jrrigat -1 & s, what represents o >
RE =t s The gualiyy in e e o
irrigation significantly. given trials was not affected by
Decrease of the yield b
i y 0.22 tha™, i.e. by 229 )
1997), occurred when moisture deficits W.Creyi;{; (Slavik, Kopecky
acted. ?

MATERIAL AND METHODS

Plants of Saaz semi
: mi-early red-bi
perlmental plant material F)ield .t.’llle hap, Osvald®s glons 72, were d
irrigated and irrigated onéx‘ Feri tr 1.als were established in two ,v"tr' ‘_16 ex-
distributed abovglhe row “-ffllganon was provided through triclil lamg on-
vegetation traditional 0o ho[? controlled in weekly balance ¢ ¢ trrigation
L (a] agrotechnics was used in both vari ce cycles. During
enta plan[s was determi ariants. The sampling
growth of hop plant. The fi as determined to catch the mai SampHng
: ant. The first sampli ; e main stages in the
establishment of h : ampling of plants was i = €
op bines on h s was in the pel'iOd fier
the second sampli op training to the hei . after
sampling was at the hei ) e height of stand 2 m (M:
B it ihe height of at the height 2 to 4 m (J nd ay),
ght of stand 4 m t une), the third sampli
sampli . R o the top of ho arden T ampling
A]:; ng was before ripeness of cones r()Auauslz)g arden frame (July), the last
OVegrOqu part of f <) .
. our Sel -
Z?cglsamplmg. As the hop stem :;;[\z(sl [a"[elraic hop plants was taken during
ese plants for fur stem grows o the eight of 9 m ) 5
storey of hop plartfmthel Processing was diViged into [ﬁab()veglound part
leaves nt was analysed b ; ree storeys. Bach
on shoots, bine : y organ structure into | : .
organs _ f , bine and bine of shoots, includi ! eaves on bines
ower, flower cover , including leaf stalks and o
cover and cones. Weight of dry matter (%?ﬁa“ve
atter of different

organs and

Ty the whole

Materija]. ; hop plant was determined from the sampl {
samples of plant

Alono wi
g with it, leaf
Were , leaf area of leaves !
Mmeasured. Th eaves on bines and
3 e . ! S 4 on shoots
method of determination of leaf area wqcsmba hgp piant
¢ a was based on the

Pringi
Ple Qf d .
of eterminati S
g weight of d;y (r)nn tOf assimilation area of average sample of |
atter N . ) £gC 54 2 0 5
atter and conversion into the total %amplc of 1 el &
S eaves.

The
results obtaj
aine v b d il
Tables | d were statistically evaluated by analysis of vari

e ariance.

lrrig . and II pr
at present we: <t s _
i0n rate, eather characteristics of experimental yea d
al years an
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g ipitati 7atec 1997, 1998)

- daily temperature and sum of precipitation (Zatec ‘

e Sum of precipitation (mm)
T

1998

Average daily temperature ©C)

Month

April 7.8 -
May 12.6 o
June 16.0 o
July 17.5 o0
August \ 16.7 |

R ot
I1. Survey of irrigation rates 1n jrrigated varia

Amount of water per efficiently W
irrigated area (mm)

1998

3
Amount (mm”)

Date

- 14.21
o 17.97
July

August =

In total

RESULTS AND DISCUSSION
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111. The total amount of dry matter produced in different organs in conversion per hop plant

1997 1998

variant | Dry matter in g date of sampling date of sampling
26.5. | 166. | 14.7. | 13.8. | 18.5.| 9.6. 157, | 17.8.
leaves on bines |17.22] 79.01|109.66|148.76 |24.37 | 69.22| 97.54| 95.86
leaves on shoots| - 11.78 | 61.00| 93.76| - 4.63| 49.20( 71.83
?:gl;ned bine 16.85| 77.461200.08|118.92|15.95| 42.07|118.08|190.76
cones o - 19.66(172.21| - 0.15 745 79.44
in total 34.07 | 168.25]390.40 | 533.65|40.32 | 116.07 | 272.27 | 437.89
leaves on bines |22.01| 78.11|141.42|146.72|27.30 | 82.52|126.37|103.70
leaves on shoots| — 15.141105.68|150.07| - 11.48| 80.29105.85
Irrigated | pine 21.60| 86.43]305.84|227.93|19.13| 53.62]136.55|243.05
cones - & 28.131254.64| - 0.9 15.69(111.50
in total 43.611179.68|581.07|779.36 | 46.43 | 148.52|358.90 | 564.10

IV. Statistical evaluation of amount of dry matter in experimental variant

Variant of the trial Number Average Homogenous groups
Non-irrigated 4 249.12 ¥
Irrigated 4 337.71 *

It follows from the results obtained, that irrigation of hop in the period of
deficiency of precipitation increases an amount of dry matter in hop plants
Statistically significantly (Table IV). In 1997 the amount of dry matter in-
creased by 31.58%. In 1998, when precipitation deficiency was more marked
than in 1997, more dry matter only by 22.37% was produced in irrigated
Plants compared with non-irrigated ones.
prolg preCiPitationjd(.zi'iciency year of 1998 less dry matter by 17.94% was
2 6;;Ed In non-xrrlgated variant and in irrigated variant it was less by
m(;re sD dr‘y“ matter thgq in 1997. It follows fror.nw it, that in the years with
prOducégmhcam precipitation dghcwncy, the difference in the amount of

dry matter between irrigated and non-irrigated plants is falling.
fdre fecorded the changes in the share of different organs on the amount

cameytrnatter of the whole plant during vegetation. Rybagek et al. (1979)
O the same conclusion.
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Dry matter of leaves on bines prcdominamly reached the highest values in
hop plant to the mid-June. In the half of July dry matter of hop bines pre-
vailed, that fell before the harvest of hop. In the period before harvest dry
matter of hop cones reached maximums in both variants in 1997.

In the experimental year 1998 there was other share of different organs in
the total dry matter before the harvest of hops. Dry matter of hop cones did
not reach maximum in that pcriod, but dry matter of hop bines was dominant.
In the latter the weight of dry matter did not fall as it was in the previous
year. These differences arc apparently caused by the fact that in 1998 hop
bines were still growing, but in 1997 in the period of ripening of cones the
hop bine was not increasing.

The difference in the production of dry matter of particular organs between
non-irrigated and irrigated variant was recorded also in leaves On shoots and
on bines prior to harvest. In irrigated variant in this period dry matter of
leaves on shoots was prevalent in contrast to non-irrigated variant, where dry
matter of leaves on bines prevailed. It follows from this result that irrigation
had a good effect on formation of leaves oOn shoots. On the contrary., defi-
ciency of water reduces it.

In connection with dry matter of leaves, Rybac ek et al. (1979) present

that at the beginning of vegetation — the beginning of June, assimilation
the end of vegetation,

capacity is determined by leaves on bines, while at
when these leaves arc turning yellow and dying away, they are falling down.
pronounced differences between non-irrigated and irrigated plants were
recorded in the dry matter of hop cones. In 1997 in irrigated variant more dry
matter of hop cones was produced by 32.37% compared with non-irrigated
one, and in 1998 by 28.75%.

This result can be compared with the data of other authors studying the
yield increase in irrigated plants against non-irrigated ones.

Sach! and Kopec ky (1972) confirmed 25.9% yield increase in irri-
gated plants in their trials. Némec (1984) reports that yield increase by 21%
was in irrigated variant.

Ristic (1986) presents yield increase by 8.51 t
vated with irrigation. Kopecky (1991) reports that in irrigated p
average yield increase amounted to 26% compared with the control over the
period under study.

Slavik and Kopecky (1997) found that 22% yield increase
corded in irrigated plants.

Higher precipitation deficiency in 1998 affecte
ter of hop cones. In non-irrigated variant it was less dry matter by
than in 1997 and in irrigated variant in 1998 less dry matter by 56.2

produced compared with 1997.

0 22.13% in hops culti-
lants on

was e

d sienificantly the dry mal
g y 53,87“70

196 W

-1
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Of the total dry matter 32.2
: 27 to 32.67% fell ¢
1098 it was only 18.15 to 15.77% .67% fell on hop cones in 1997 and in

Hop plant has owi - .
hotosymhetic assiml'?g.to great leaf area given prerequisites for i i
Eumber P perl altlo? while, as reported by Kisgeci (l(;r;ile)lm;fle
is affected by weatheriggd’-;}ndwpamcumrl)’ the number of leaves on sf;olote*
B eiental yeurs i[l 1‘(’)ns. Whgn compared the growth of leaf area LS
yoars are statistically ins’io can be said, that differences between b h‘ in
g < gnificant, because more k 0[‘ the
cipitation in 1998 was recorded. marked deficiency of pre-
It follows from the results obtained, that i
the whole vegetati . TeslF an atin both experimental year i
in non—irrigat{id Otrll(c): %rl:::i; ffe . ot e pracuséd in i”igﬂfédygrllzllit(iulr}?g
B mxioum leaf z.\rea Wa: Oﬁr(;r;g‘;ﬁyjf:t?ti(}ﬂﬂ}/ significant (Table V) ‘;2
‘0 non-irrigate . S gust (in irrigated varia i
' irrigateg vafia‘/rirlvc:/riltthi%l.‘ZlSS 1?1 )- In 1998 maximum leaf axelll??rgg :112 anc%
W iratcd variant es{pe'gl to earlier start of vegetation yel. on 15 was
maximum leaf area 2.946 m* was n 15 July.
s on 17 August

(Table VI).

Zazvorka and Zim: .
B o before harvgst fégrr(l)amglifd@)cg}VB] the highest values of the leaf area
B e contrary, Sklad: R igler (1980) came to similar o
N Weei’of }(ull ; d Adclc é:lt dql. (197?{) stated that the grcatestlrlr;;lt‘“uqrr;jlixl/lfs.
C . - ¢ to b 4.5 dlid as
peaks of the siz . ) mnglo Ry aCek etal (1976 .
one in the firs:l\f/e(;fl(le(’rl'fsared' One is in the last week of(July '3nt(}1lilre ﬂ}C S
Blois Rybicek a(:uj I(“:Iptcmiber due to continuing incremcn(tq of 11(;15:%“(1
B chicvi radecka (1985) pr : § ot leaves on
Ecyhlevmg the greatest leaf is in the period) frr):)?ae?; ltr; ()Zt’?egmals the date
namics in the growth of 1 - ugust.
It follow of leaf area is different in diff .
prevails zsmfir(;nmlahe asniis that to the mid-July leaf(;girzr;tltypcs of leaves.
Prevalent. These rzsll)lelgod bell‘i)rc the harvest leaf area of lewziw(: 50;11 bz“?S
(197 el roughly correspond - ~AVES Q1L SHoOLS 15
4 and Rybacek et al. (1976), who o s llwiemeration. o KCAS e
; report that in leaves on bines area

increagse
S to the per' : .
. iod of antl i
even in i ! anthesis, while leaves ~ e
the period of the growth of cones aves on shoots increase leaf area

The )
: Xception was -
Vailed during the Whotlhe year 1997, when leaf area of leaves on bines pr
icontrary’ B iced e vegletatlon period in non-irrigated variant hgs plhe-
n th; ariant leaves . . fgated variant. ©n the
har‘flléstyear T ———— binc; ittlsl;;nzsg(%%ts had assimilation area 2.500 m?
St assimilatj - s it had 2.236 m”. In 1998 i o
o - ation leaf are s ) » in the per -
in%‘lrrlgated vari le_df area of leaves on bines was dominant inpbnli)(j pelore
Tigateq variantc.liam' leaves on shoots 1.534 m?, leaves on bi ot yarlanss
8¢ values Ca;] Eavcg on shoots 1.791 m? and leaves on hi:::%llf(lz i 8
A % o S S 2
e compared with the results of KiSgeci (19-7»47)9 mh).
& , who
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ental variants and experimental years yI1. The development of leaf area in different storeys in conversion per hop plant

\Y Statistical evaluation of the size of leaf area 1 experim — _— =
) ; Leaf area 1998
Variant of the trial ) g inm date of sampling date of sampling
and expcrimcmal year 26.5. | 16.6. | 147. | 13.8. | 18.5. 9.6. 157. | 17.8
Non-irrigated b Ist storey | 0.173 | 0.667 | 1.203 | 1.565 | 0.192 | 0.577 | 0.626 | 1.231

[rrigated irrigated 2nd storey | 0.102 | 0.763 | 1.077 | 1.417 | 0.189 | 0.490 | 1.027 | 1.381
3rd storey | 0.033 | 0.205 | 0.504 | 0.475 | 0.049 | 0.167 | 0.413 | 0.334
Ist storey 0.174 | 0.864 | 1.804 | 2.115 | 0.215 | 0.677 | 1.180 | 1.484

nversion per hop Irrigated 2nd storey | 0.200 | 0.799 | 1.664 | 1.726 | 0.216 | 0.715 | 1.497 | 1.287

evel ent O eaf area in lea es on ines an eaves on shoots 1N C

V1. The
plant

VIIL Statistical evaluation of leaf area size between different storeys of hop plant

Store
orey Number Average Homogenous groups
s Ist store 4
leaves On bines ¥ 032 '
S - aves on shoots g 2nd storey 4 091 ¥
irrigated d
e 3rd storey 4 0.92 *

leaves on bines

leaves on shoots
too, reports that the size of leaf area of leaves on bines increases during the

growth from 1 5 o ;
plant. m lower leaves to those placed in the third fourth part of a hop

in total

2
eaf area is ranging from 1.035 to 2.804 m

S bines 1
e 8 26 10 8.331 M-

Refe
hoots from 2.5 rences

reports that in lea

| < on shoots
and in leaves on S b

d variant leave

in irrigate 7t
. ; csults that 1n 1rriga . yon-11tl ClG L s L .
1t is evident from the \:  JHIOTE markedly compared wub theglm who Slunel%;iﬁ; VLL S,ledovam radiatnich poméra v porostu chmele z hlediska vyuZiti energie
prevaﬂed over leaves on mg o e Obqervation of Kisgect (1 /~.-;q‘nOOtS P ofoeiz::rem (fThe study of radiation situation in the hop stand in the regard of the exploi
. YQ o s 1o > - 1S 3 iati . o -
gated variant. This L.Orre\ipgngoocl cffects on the qumber of leaves On zemidelsks. gy from solar radiation). [Graduation thesis.] Praha, 1980. — Vysoki kola
: that irrigation ha HAUTKE, p. _ pETRIC .
plesents o be S (Th » P. — PETRICEK, D.: Vztah mezi klimatem, vynosy a chemickym sloZeni
I and V1ID). ) . i ncerned, 1t can © relationship bet : . o y a chemickym slozenim chmele
(Ta‘zle?(‘?]ag the Vertica\ structure of leaf areadlblcgves p Ehoots was in both 11(972: 810, p between climate, yield and chemical composition of hop). Chmelafstvi, 45,
§idl = ; bines and 1€ . e SIZO e . o
; a of leaves on ) cerarences N C >0 E K Prispsvek k . ) ) o
the greatest 16&{ are 1 seenmd storeys of a hop plant. le.fe.l"e o, Hiié hir p°10y1né e I()T;Z ) et _SI;ud'lu heterogenity fotosyntézy fcvovych listd chmele v prvé
variants in the first and S€ R Smtmicaﬂy inSlgmflcam. B "‘canﬂY On bineg (f B ?E f]l‘ ution to the study of heterogeneity of photosynthesis of leaves
) are stalit T Gaiil o irst ha i i - ;
of leaf area between these storey: 1 both variants statlSllcany signitl Ze;geGdﬂské- rst half of vegetation). [Graduation thesis.] Praha, 1972. — Vysoka gkola
X . lant leaf area wa ) f q ECl, I Vodni s s R .
storey of hop plé it in e fime 0 “harene. e, Odrﬁl re'l{lll.blljaka hmelja u razli¢itim uslovima avodnjavanja i mineralne
lower (Table b2 to different results and reports ha ;i hop }lx(LAPAL I Kil melj i sirak, VI, 1974: 20-21.
: ; " ey o L~ R .
Cig ler (1980) ) came dO i ———— leaf area 10 the second Slf)k(qj (1972), Cat o gy, growghAPAL"M” Vliv vody a tepla na vzrist a vynos chmele (Effects of water and
harvest leaves 01 bines had th B ot i B third storey- Kafka and yield of hop). Chmelaistvi, 36, 1963: 98-100.
plant, leaves on shoots had this 1 A2 SCIENTY, AGR
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Chmel je rostlina zna¢né naro¢nd na mnoZstvi sri
B e ot evtazovint nozstvi srazek a predevsi jeji :
- Chmelf(:)%ztdr(;)cs.tlzis;/lclllzivzll(lz)lnclzm/el()V)'Ich rostlirll)vy;rras;r?l;zgl?ij\lzcﬁf;jvehsgze
- / a ecném duasledku vyn yc tvek.
Vlaiovany[;h :;ecc;};jf;zlgvp;rrlo}ohsledoyali tvorbu susiny a \/}vaocfj ?i];?c])iléov}l,:)hl -
i e dOSll)V/c ‘r(‘)sth’n chmele. Uvadéné hodnoty jsou p?e Zz? -
B ek iy V(’zenygh Vvysle(jkl.‘l vyplyva, Ze zavlaZovani chmelrz; : egy na}
TV roce 1957 oo yznravml?ch\fysuje mnozstvi suSiny u chmelovy K ; do'bl
R ot not « rocezvlysgr;l ¢inilo 31,58 %. V roce 1998, kdy bylys"mSEI'lg
B v suting et u nczm , bylo’ u ;avlaiovanYch rostlin vytvofcn}(l)mzneJSl
e mgt“ncv aZované varianty. Vyznamné rozdily mezi nez: plOlize
O ———] u‘Zav]aann byl}’r v olbou pokusnych letech v suSiné chmc‘i:/) a’Z(')l_
B oo 1998 0 28 75( ;va?e var&mty oproti nezavlaZzované varianté Z"V‘vtz/“
Chmelova rostlina méa dik}yf VYSZlchéClciﬂstisu’ly lChmeIOV)"Ch e .
o e stové ploSe dany pie -
Ea b Zszzjt;t;cnl;e a;r::lacs:. Pfiée{ni, jak uvddi K}ilg)gbeds ?k(llag’)/;l]; l'netenszm'ml"’
 — VYS]edkg - lp‘i/ioc}mvych listd ovlivnén klimatick)'/mi)3)05;?1?6;115{}1
Vejg;:ltace u zavlaZovanych fozllliar; 3():4:'/0?::1); pv(t)i(’usn}’,Ch Sl o prﬁbéhnu T:llc
! ! : vEtsi listova z
niféclnirolsitsliz.v;“eg;zcrl:dill Jf: Vstatis(icky prflkazns)}/ I(ltiilt(:.vi/)p.l%hr?):eezl 9u917]e;a\]1ai0w'1_
T Variaﬁjtlst;za 13.2 srpna (u zavlaZzované variant 4yl7a?mam_
B o e v.zlr- 455 m®). V roce 1998 byla maximadlni li}s,to 51 ot
b U( mn%y vzvhledem k Casné€jsimu nastupu vegetac Vb'l o
o : nezavlaZované varianty byla maxima { o Z’dzname_
- konstat(})\/ﬂ({:n;ﬁl? sgpna (tab. VI). Z hlediska verlikélnia:t(;lrln]jtlm lll'Stova [
E ki u obou variant byla nejveétsi listova -ha 6 Ury’ A
tu v prvnim a ve druhém patfe chmelové 1'(225?n51(()l:l:; i/el\;oz){j?llz)l pasecher

chmel; 74
; zavlaha; suSina; listové plocha
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