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Abstract: Relationship between roots and shoots of Pimpinella saxifraga L., Petroselinum
hortense Horrm., Lactuca sativa L.,and Beta vulgaris subsp. esculenta (SALISBURY) GURKE var.
altissima RoESS1G was studied in irrigated and non-irrigated plants. It was found that the irriga-
tion water did not influence distinctly the root-shoot ratio of the experimental plants. From the
statical point of view, this relationship could be expressed by the following quantitative ratios
for irrigated and non-irrigated plants: 3 : 1 for Pimpinella sawifraga L., 2 : 1 for Petroselinum
hortense Horrm., 9 : 1 for Lactuca sativa L., and 1 :1 for beetroot. From the dynamic point
of view it is possible to state that this ratio changes in the course of individual development.
With plants cultivated for their aerial parts, it increased with age, while with plants cultivated
for their roots, it decreased with age. The irrigation water produced much greater morphological
changes (the shape and the surface area) in the root and shoot system of experimental plants.

In our earlier work we found that the applied irrigation produced morpho-
logical changes (shape and surface area)in roots and shoot parts of experimental
plants (PENKA 1953, 19584, b, 1962, 1963 etc.). Therefore, in this paper we
are trying to solve experlmenta,lly the problem of whether irrigation water
is a factor which changes the weight ratio, and hence also the relationship,
correlation betweeri roots and shoots of the plants.

Material and Methods

For our experiments the following plants were used: Pimpinella saxifraga L.,
Petroselinum hortense HorrM. Sowing of these species of plants of the Dau-
caceae family was carried out on April 26, 1958, on a field divided to parcels
10 m long and 1.5 m broad, in rows 20 cm apart. The soil was ploughed already
the preceding autumn and fertilized with stable manure. The antecedent
culture was clover. Each piece of land was divided into two halves, one of
which was regularly irrigated, while on the other the plants grew under natural
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conditions. The monthly dose of irrigation was approximately 60 mm of
precipitation water. Irrigation was carried out between 6 and 7 p.m.

In the course of vegetation, fresh weight, dry matter, water content, and
the length of aerial parts as well as of roots were determined.

The samples of Daucaceae plants were collected from the field for analysis
on the following days: 23. VI., 3. VII,, 18. VIL, 1. VIIL, 19. VIIL, 2. IX.
and 20. IX. The samples were taken at midday (between noon and one p.m.),
because the plants were also analysed for their content of essential oils (ac-
cording to Czechoslovak Pharmacopoeia 1954). Certain meteorological data
were also observed during the cultivation. Part of our results will be discussed
and published elsewhere.

I should like to express my gratitude to the Mrs. M. Stursova, M. Sebova,
and A. Valeska for their technical assistance.

Results

Figures 1—4 show the ratios for fresh weight and dry weight of roots and
shoot parts of the same experimental plant. The horizontal line (full line for
irrigated, dotted line for non-irrigated plants) represents the average of these
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Fig. 1. Fig. 2.

Fig. 1: The ratio of fresh weights of shoot parts and of roots in experimental plants of Pimpinella
sazifraga L. (1958). On the y axis — the total fresh weight represented by a column
equal to 100%,; the portion of the column completely blackened represents the percentage
of the fresh weight of roots, while the remaining (white) portion represents the percent-
age of the fresh weight of aerial parts. In the case of irrigated plants the columns are
drawn in thick line (Z), for non-irrigated plants the columns are drawn in a thin line (N).
Average values for irrigated plants are represented by a full line, for non-irrigated
plants, by a dotted line. On the x axis — time in days.

Fig. 2: The ratio of dry matter, of shoot parts and of roots in experimental plants of Pimpinella
saxifraga L. (1958). For detailed description see legend to Fig. 1.
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Fig. 3: The ratio of fresh weights of shoot parts and of roots in experimental plants of Petroselinum
hortense Horru. (1958). For detailed description see legend to Fig. 1.

Fig. 4: The ratio of dry matter, of shoot partsand of roots of experimental plants of Petroselinum
hortense Horrm. (1958). For detailed description see legend to Fig. 1.
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Fig. 5: The ratio of fresh weight of shoot parts and of roots of experimental plants of Lactuca
sativa L. (1963). For detailed description see legend to Fig. 1.

Fig. 6: The ratio of dry matter, of shoot parts and of roots of experimental plants of Lacluca
sativa L. (1963). For detailed description see legend to Fig. 1.
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values, calculated for the whole vegetation period. The results obtained with
Lactuca sative L. cultivated in 1963 (see Figs 5 and 6), and those obtained by
BavXocr and SrEPI¢RA (1963) with beetroot (Befa vulgaris subsp. esculenta
(SAL1SBURY) GURKE var. altissima Rorssig), cultivated with irrigation and
without irrigation (see Fig. 7), were worked up in a similar manner. In order
to complete and illustrate our results we give in Figs 8 and 9 the ratio for
essential oil content of experimental plants of the Daucaceae family, represented
in the same manner.

Diseussion

Views concerning the root system and shoot parts of plants can differ from
theoretical as well as from practical points of view. From the practical point
of view the mass of these two systems is usually reduced (lessened) by those
parts which are uneasily accessible (hairs of roots, endings of main and side
roots, fallen leaves etc.). The main purpose for which the plants are cultivated
{whether for aerial or for underground parts) influences the choice of plants
and the method of their cultivation, and, therefore, also their shape and size,
but also the root-shoot ratio. Numerous authors pay attention to the relation-
ship of these two systems in plants (LoEB 1924; KRENKE 1950; CHALYAKHIAN
1955, 1958; DostTiL 1959; KursaNov 1960; BRowERr 1962a, b; DoBBEN 1962,
and others).

It was found that the most important and limiting factors able to change
distinctly the root-shoot ratio are glucides, minerals, and water (Kursanov
1960; BROUWER 1962a, b, and others). Any intervention changing the amount
of glucides in the shoot parts of the plants stimulates simultaneously the
growth of roots. On the other hand, any intervention increasing the intake
of minerals and water enhances more the growth of the shoot parts than of
the roots. The functional equilibrium between the aerial parts and the roots,
between the intake and the distribution of glucides, minerals and water can
be explained in this manner. This functional equilibrium changes in every
plant in the course of its individual developmsnt. DoBBEN (1962) states, for
example, that during the germination period of cereals the root-shoot ratio
remains rather low. In subsequent stages of development this value increases
and reaches its maximum during ripzness.

When studying morphological changes in plants used in this work we found
that the shoot parts of the irrigated plants were strongly developed and ab-
undantly branched, while the roots consisted of a strong main root and a re-
stricted number of side branches (roots). In contrast to this, the aerial parts
of non-irrigated plants were smaller and poorly branched, while the roots
were also smaller but abundantly branched.

In view of these morphological changes it is presumed that it is the irrigation
water which distinctly changes the root-shoot ratio of experimental plants.
However, when the values for weights of fresh and dried experimental plants
were compared (see Figs 1 to 7) it was found that the resulting root-shoot
ratio for irrigated and non-irrigated plants was substantially the same. The
following values were found: 3 : 1 for Pimpinella saxifraga L., 2 : 1 for Petro-
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Fig. 7: The ratio of weights (crops) of shoot parts and of roots of experimental plants Beta
vulgaris subsp. esculenta (SALISBURY) GURKE var. altissima RoEssic. For detailed de-
scription see legend to Fig. 1. — Z, — irrigation was dependent on soil humidity, which
was controlled and carried out with smaller doses of water, but given more often; K
— with natural development of soil humidity; H; — low mineral and organic fertilizing.
As the basis for the calculation of ratio of leaves and roots expressed in a relative way, the
absolute values from the paper by BaNocr and SLEPI8KA (1963) were used.

Fig. 8: The ratio of essential oil content of shoot parts and of roots of experimental plants of
Pimpinella saxifraga L. (1958). For detailed description see legend to Fig. 1.

selinum hortense HorvrM. (in the first year), 9 : 1 for Lactuca sativa L. (in the
first year), and 1 : 1 for beetroot (in the first year). If we evaluate the obtained
results from the dynamic point of view, it becomes obvious that the root-shoot
ratio changes in the course of the in-
dividual development of the plants. In
the case of Pimpinella saxifraga L., the :
value of this ratio increased with age (i | i
(see Fig. 1 and Fig. 2), while with Pe- i [
troselinum hortense Horrm. it decreased .|| || || ||
(Figs 3 and 4). Lactuca sativa L. (see Figs (.| '
5 and 6) and beetroot (Fig.7) behaved | | || | !

Fig. 9: The ratio of essential oil content of shoots
parts and of roots of experimental plant
of Petroselinum hortense Horrm. (1958).
For detailed description see legend to
Fig. 1.
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in a similar manner. This was caused by the fact that in plants cultivated
for their shoot parts water accumulated more intensely in shoots, while in
plants cultivated for their roots, solid components (non-volatile matter) were
accumulated at a greater rate. It is interesting that the accumulation of es-
sential oils was also greaterinroots than in shoot parts ofthe experimental plants
(see Figs 8 and 9).

Hence, irrigation distinctly influenced the root-shoot ratio of experimental
plants. However, the changes in morphology (the shape and the area of the
surface) and the growth intensity of roots and shoot parts of these plants
were_much more conspicuous.
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Byl sledovén pomér mezi lodyZnim a kofenovym systémem zavlaZovanych a nezavlaZovanych
rostlin Pimpinella saxifraga L., Petroselinum hortense HorFM., Lactuca sativa L. a Beta vulgaris
subsp. esculenta (SALISBURY) GURKE var. altissima RoEessia. Bylo zjidténo, e zdvlaha zfetelns
neovlivnila pomér mezi lody#nim a kofenovym systémem pokusnych rostlin. Z hlediska statického
bylo mo#no tento pomér vyjidiit u zavlafovanych i nezavlaZovanych rostlin Pimpinella saxi-
fraga L. vztahem 3 : 1, Petroselinum hortense Hoxrm. — 2 : 1, Lactuca sativa — 9 : 1 a u rostlin
cukrovky — 1 :1. Z hlediska dynamického bylo mo%no Fici, %e se tento pomé&r v prubshu indi-
viduélniho vyvoje méni. U rostlin péstovanych pro nadzemni é4st se stéfim zvy$oval a u rostlin’
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péstovanych pro kofenovou ¢ast se staiim snifoval. Daleko vyrazndji pozménila zédvlahové voda
morfologii (tvar a velikost povrchu) lody#niho a kofenového systému pokusnych rostlin,

M. Ilerra, Hadenpa GoraHukE neca m QUTONEHOIOTNY JlecOX03AMCTEEHHOTO ParyIbTETa
Brrcuredt cenpcroxossiicrBennoil muronsl, bpro: OtHomenne ereGaeBoif 1 KopHEBOIT creTeMbI
y opomraeMuix pacrenmii. — Biol. Plant. 7 : 129—135, 1965.

Uay4asocs OTHOIIEHWE KOPHEBOH M cTeGIeBOH CHCTEMEI OpOIIAEMHX W HEOPOIIAEMEIX
pacrennit Pimpinella saxifraga L., Petroselinum hortense Horrm., Lactuca sativa L. 1 Beta
vulgaris subsp. esculenta (SALsBURY) GURKE var. altissima Romssie. VcrTaHOBIEHO, YTO
OpOLIeHNEe He OKASKIBACT 3aMETHOTO BIIMAHMA Ha OTHOmIeHNe crebiieBoll m KOpHeBOH cHCTEMBI.
C TOYKN 3DPeHHSA CTATHCTHMKA BO3MOKHO 3TO OTHOIIEHNE BEIPA3WTH y OPOUIaeMBIX M HeOopo-
uaeMuix pacrenni Pimpinella saxifraga L. otHOmennem 3 : 1, Petroselinum hortense Horrm.
2:1, Lactuca sativa 9:1 n y pacrenmit caxapuolt ceenut 1 : 1. C auHaMuuecKo# TOUKH
3peHHss BO3MOKHO YTBepKAaTh, 4TO JaHHOe OTHOIIEHHE B TeYeHWe WHIMBUAYAJIBHOTO pas-
BUTUsI MeHsIeTCsI. ¥ PAacTeHnmil BHIPAIMWBAEMEIX DPajW HAN3¢MHOA 9YacTH BTO OTHOIIEHHWE
¢ BO3PACTOM IOBHIIAIOCH ¥ Y PACTeHNH BHPAIINBAEMBIX DAy KOPHEBOH YAacTH ¢ BO3PACTOM
noHwRajocs. ['opasno 3HaunTebHEE WAMEHWIO Opomerne MopQosormio (GopMy ¥ BeTHMIAHY
noBepxHocTH) crebineBol M KOpHEBOH cHCTeMH MOJONKTHHX pacTeHHi.



