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Abstract: Relationship between roots and shoots of Pimplnella saxi]raga L., Petroselinum 
hortcnse HOFFM., LacSuca sativa L., and Beta vulgaris subsp, esculenta (S.~LmBU~Y) GORKE ear. 
altissima ROESSm was studied in irrigated and non-irrigated plants. I t  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 PimpineUa saxi]raga L., 2 : 1 for Petroselinum 
hortense HOFF•., 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. 

I n  our  earl ier  w o r k  we  f o u n d  . that  t he  appl ied  i r r iga t ion  p r o d u c e d  m o r p h o -  
logical  changes  (shape a n d  sur face  area)  in  roo t s  a n d  s h o o t  p a r t s  o f  e x p e r i m e n t a l  
p l an t s  (PE~KA 1953, 1958a, b,  1962, 1963 etc.) .  There fo re ,  in  this  p a p e r  we 
are  t r y i n g  t o  solve e x p e r i m e n t a l l y  t he  p r o b l e m  o f  w h e t h e r  i r r iga t ion  w a t e r  
is a f a c t o r  w h i c h  c ha nge s  t h e  w e i g h t  ra t io ,  a n d  hence  also the  re la t ionsh ip ,  
co r r e l a t ion  b e t w e e n  roo t s  a n d  shoo t s  o f  t he  p lan ts .  

Material and Methods 

:For ou r  e x p e r i m e n t s  t he  fo l lowing p l a n t s  were  used :  P i m p i n e l l a  sax i f raga  L . ,  
P e t r o s e l i n u m  hortense HOFFM. Sowing  of  these  species o f  p l a n t s  o f  the  D a u -  
caceae  f a m i l y  wa s  car r ied  o u t  on  Apr i l  26, 1958, on  a field d iv ided  to  parce ls  
10 m long a n d  1.5 m b road ,  in rows  20 cm apa r t .  T h e  soil was  p l o u g h e d  a l r eady  
the  p reced ing  a u t u m n  a n d  fer t i l ized w i t h  s tab le  m a n u r e .  T h e  a n t e c e d e n t  
cu l tu re  was  clover .  E a c h  piece o f  l a n d  w a s  d iv ided  in to  t w o  halves ,  one  o f  
wh ich  was  r egu la r ly  i r r iga ted ,  while on  the  o t h e r  t he  p l a n t s  g rew u n d e r  n a t u r a l  
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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. VII., 1. VIII. ,  19. VIII. ,  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 da ta  
were also observed during the cultivation. Par t  of our results will be discussed 
and published elsewhere. 

I should like to express my  gratitude to the Mrs. M. ~tursovs M. ~ebovs 
and A. Valesk~ 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 

Fig. 1. Fig. 2. 
Fig. 1: The rat io of fresh weights of shoot par ts  and  of roots in experimental  p lants  of PimpineUa 

aa~]raga L. (1958). On the  y axis --  the  to ta l  fresh weight represented by  a column 
equal to 100~/o ; the  port ion of the  column completely blackened represents the  percentage 
of the fresh weight of roots, while the  remaining (white) port ion represents the  percent-  
age of the  fresh weight of aerial parts.  I n  the case of irrigated plants  the  columns are 
drawn in th ick line (Z), for non-irrlgated plants  theco lnmns  are drawn in a th in  line (N). 
Average values for irrigated plants  are represented by  a full line, for non-irr igated 
plants ,  by a dot ted line. On the  x axis -- t ime in days. 

Fig. 2: The ratio of dry  mat te r ,  of shoot  par ts  and  of roots in experimental  p lants  of PimFinella 
eax'i]raga L. (1958). For  detailed description see legend to Fig. 1. 
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Fig. S. Fig. 4. 

Fig. 3: The rat io of fresh weights of shoot  par ts  and  of roots in experimental  p lants  of Petroseli~num 
hort~r~e HOFFM. (1958). For  detailed description see legend to Fig. I. 

Fig. 4: The ratio of dry  mat te r ,  of shoot p a r t s a n d  of roots of experimental  plants  of Petrosdinur~ 
] u ~ r ~ e  HOFF~. (1958). For  detailed description see legend to Fig. 1. 

Fig. 5. Fig. 6. 

Fig. 5: The rat io of fresh weight of shoot par t s  and of roots of exper imental  plants  of Lacturx~ 
aativa L. (1963). For  detailed description see legend to Fig. 1. 

Fig. 6: The ratio of dry  mat te r ,  ' of shoot par ts  and  of roots of experimental  plants  of LaeAuc~ 
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 sativa L. cultivated in 1963 (see Figs 5 and 6), and those obtained by 
BA~OCH and SLEPISKA (1963) with beetroot (Beta vulgaris subsp, esculenta 
(SALISBURY) G~YRKE var. altissima I~OESSm), 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 p!ants 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; KREZqKE 1950; Cm~LYAK~IA~ 
1955, 1958; DOSTA, L 1959; KURSX~OV 1960; Bm)WER 1962a, b; DOBBEN 1962, 
and others). 

I t  was found that  the most important and limiting factors able to change 
distinctly the root-shoot ratio are glucides, minerals, and water (KuRsAsov 
1960; BROVWER 1962a, b, and others). Any intervention changing the amount 
of glueides 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 pa r t s  and the roots, 
between the intake and the distribution of glueides, minerals and water can 
be explained in this m~nner. This functional equilibrium changes in every 
plant in the course of its individual development. DosaEzr (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 rip3ness. 

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- 
undant ly  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. ]Fig. 8. 

Fig.  7: The  ra t io  o f  we igh t s  (crops) o f  shoo t  p a r t s  a n d  of  roo t s  of  e x p e r i m e n t a l  p l a n t s  Beta 
vulgaris subsp ,  esculenta (SALISBURY) GiJlU~E var .  altissima Ro~.ssIG. ]For de ta i led  de- 
scr ip t ion  see legend  to  Fig. 1. - -  Z~ - -  i r r iga t ion  was  d e p e n d e n t  on soil h u m i d i t y ,  wh ich  
w a s  control led  a n d  carr ied  ou t  w i t h  smal le r  doses  of  wate r ,  b u t  g iven  more  often;  K 
- -  w i th  n a t u r a l  d e v e l o p m e n t  of  soil h u m i d i t y ;  H 1 - -  low mine ra l  a n d  organic  fertilizing. 
As  t h e  bas is  for t h e  ca lcu la t ion  of  ra t io  o f  leaves  a n d  roots  expressed  in a re la t ive  way ,  t h e  
abso lu te  va lue s  f r om t h e  pape r  b y  BA~OCE a n d  SL~Px6gA (1963) were used.  

]Fig. 8: The  ra t io  of  essent ia l  oil c o n t e n t  o f  shoo t  p a r t s  a n d  o f  roo t s  of  e x p e r i m e n t a l  p l an t s  o f  
Pimpinella saxi]raga L.  (1958). ]For de ta i led  descr ip t ion  see legend  to  Fig.  1. 

8elinum hortense HooFs .  (in the first year), 9 : 1 for Lactuca sativa L. (in the 
first year), and 1 : 1 for beetroot (in the first year). I f  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 ofPimpinella saxifraga L., the 
value of this ratio increased with age 
(see Fig. 1 and Fig. 2), while with Pe- 
troselinum hortense HOFFM. it decreased 
(Figs 3 and 4). Lactuca sativa L. (see Figs 
5 and 6) and beetroot (Fig. 7) behaved 

Fig.  9" The  ra t io  o f  essent la l  oil c o n t e n t  o f  shoo t s  
p a r t s  a n d  o f  roo t s  o f  e x p e r i m e n t a l  p l a n t  
of  Petroselinttm hortense HOFrM. (1958). 
Fo r  de ta i led  desc r ip t ion  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. I t  is interesting that  the accumulation of es- 
sential oils was also greater in roots thanin  shoot parts of the 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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M. PENKA, Katedra lesniek6 botaniky a fytocenologie lesniek6 fakulty V~Z v Brn~: P o m ~ r  
lodytMho a ko~enov~ho syst~mu u zavl~ovan~ch rostlln. ~ Biol. Plant. 7: 129--135, 1965. 

Byl sledov~n pom~r mezi lody~.nim a ko~enov~hn syst6mem zavla~ovan:~ch a nezavla~ovan~ch 
rostlin Pimpinel la  saxi]raga L. ,  Petroselinum hortense HOFFM., Lac$tJ~ca 8at~va L .  a Beta trulgaris 
subsp, e~culenta (SAT.ISSURY) GiiRK~ var. a/$@s/ma Ro~ssm.  Bylo zjiltti!no, ~ie z~vlaha z~eteln~t 
neovlivnila pom~r mezi Iody~inim a ko~enovr2Ta syst~mem pokusnffch rostlin. Z hlediska statick~ho 
bylo moi~no tento pomitr vyjs u zavla~ovan~eh i nezavla~ovan~rch rostlin Pimpinel la  aaxi. 
]raga L. vztahem 3 : I, Petroselinum horser~e Ho~F~x. -- 2 : 1, Laetuca sativa --  9 : 1 a u rostlin 
cukrovky --  1 : 1. Z hlediska dynamiek~ho bylo mo~ino Hci, ~te se tento pomitr v prdb~ihu indi- 
viduklniho wj~oje m~tni. U rostlin p~stovan~ch pro nadzerani ~hst se stAV_m zvyw a u ros t l in  
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p~fstovan@ch pro ko~enovou 5~s~ se s t ~ i m  sniP.oval. Daleko v:~razn~ji pozm~nila z~vlahov~ voda 
morfologii (tvar a velikost povrchu) lody~.nlho a ko~enov6ho syst~mu pokusn@ch rostlin. 

M. HER~A, t (a~e~pa 5 o T a ~ n ~  ~eca ~ ~ T o ~ e ~ o ~ o r n g  ~ecoxoauficTBeH~oro ~a~y~bTeTa 
BHcmefi ceJIt, CtCOXOa~CTBettHOfl mtcoJILI, Bpno: OTHOmeHHe cTe6.~eBo~ H KopHeBOfi CMCTe~V,I 
y opomaeM~x paCTeHnfi. - -  Biol. P lan t .  7 : 129--135, 1965. 

I/Iay,~a~ocb OTaOmeH~e ~opaeno~ ~ CTe6~eBOI] C~CTeM~ o p o m a e ~ x  ~ ~eopomaeM~x 
pacTeanfi Pimpinella saxi/raga L., Petroselinum hortense HOFF~., Lactaca sativa L. v[ Beta 
vulgaris subsp, escalenta (SxLismrRY) Giira~. -car. altissima Bo~.ssiG. YCTaHOBaeHO, qTO 
oponIea ,e  He oKaa~BaeT 3aMeTnoro B~II~a~na Ha OT~Ome~i~le cTeS~ieBofI ~ nopHenofi cncxeM~. 
C T o q ~  3 p e ~ a  CTaTHCTHKH BO3~O~I(ttO 3TO OTnOmeH~e B~paa~T~ y opomaeM~x ~ neopo- 
maeM~x pacTe~nfi Pimpinella saxifraga L. OTHOme~eM 3 : l ,  Petroselinum hortense H o F ~ .  
2 : t ,  Lactuca sativa 9 : i ~ y p a c T e u ~  caxapHof~ c B e n ~  t : t .  C ~I~HaM~'~ec~0~ ~ 0 ~  
apeHnu BOaMOB~tIO yTnep~RaT~,, qTO ~a~Hoe OTHOmeH~e n Teqe~ne ~n~n~Rya~,HOrO paa- 
BHTtIH MeH~eTC~. u pacTeH~fi n~pa~I~BaeM~IX paa~ Ha~3eMHO~ qaCT~ OTO O~HOme~e 
c BoapacToM rioBMmaJ~oc~ ~ y pacTe~nfi aupamHBaeu~x p a ~  RopHeBO~ qaCTII C BoapaCTOM 
no~n~a~oc~,. Fopaa;~o a~aq~Te~,nee naMettnao opome~ne Mop~o~orn~o (~opMy ~ ~ e a ~ H y  
noBepxHocTn) cTeSaeBofl ~ ~op~eBofi cncTeM~ HO~OI~TH~X pacTe~fL  


