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Abstraet.  The effects of constant soil moisture levels of 90, 60 and 40% of the maximum 
capillary capacity, applied beginning from the planting of the germinated kernels, on the dy- 
namics of the foliage development of maize was studied in relation to ontogenical changes in 
leaf area of individual leaves. There were two maxima in the growth of total leaf area (charac- 
terized by leaf area duration and leaf area relative growth rate) unrelated to the soft moisture. 
The first maximum which was less marked, appeared in the phase of 5--8 leaves, the second 
and  main increase being observed before flowering in the phase of 10--12 leaves. The effects 
of continued decrease in soil moisture were a correspondingly progressive reduction in leaf area 
and delayed development of the whole plants. Plants with 60~o soil moisture at tained the same 
leaf area as those with 90% but only after the end of the vegetative phase. The greatest dif- 
ferences in rate of development between watering treatments  appeared at  the time of greatest 
increase in leaf area of control plants. Continued decrease in soil moisture markedly affected 
the development of the leaves at  different insertion levels (especially in elder leaves). Clear-cut 
prolongation of ontogenesis took place under dry conditions. In  conditions of higher soil moisture 
growth was rather limited or stopped after reaching a certain maximum. 

Water stress brings about not only the reduction in total plant growth 
as characterized by production, but also profound qualitative growth 
changes (root-shoot ratio often increases, sometimes leaf area is reduced, 
thickness of the leaves is increased etc.). Using methods of growth analysis 
it was found in maize that under conditions of different soil moisture levels 
(held constant after planting) the differences in relative growth rate (R.G.R.) 
were caused chiefly by lower values of leaf-area ratio (L.A.R.) i.e. by the 
character of the leaf apparatus (VAcLAViK 1967). 

The leaf apparatus is often considered to be an homogenous functional 
unit as it is treated in works dealing with production activity, growth 
analysis etc. Only small attention is usually devoted to the vertical structure 
and its changes during the vegetative period despite the fact that all such 
data may bear a great theoretical and practical significance (e.g. IwAxI 1959, 
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KuI~)IwA 1959, SXV.KI 1960, 1961, 1963, DONALD 1961, MZLTHO~P~. 1961 
B~CK~AIr 1962, MO~TEZTH 1965, de WIT 1965). 

We therefore found it useful to complete the data  on the total  leaf area 
growth in the experiment  mentioned above by  further characteristics of the  
dynamics of leaf area growth which are directly related to the  development  
and ontogenical course of the individual leaves. 

Material and Methods 

Maize plants (Zea mays L. cv. Stupieks ran&) were cult ivated singly 
in Mitseherlich's vegetat ion pots  (d----20 em) filled with sandy clay soil 
(pedological characteristics see VXCLAViK 1967) in the  greenhouEe from 
22.5 .  to 18. 8. 1964. 

There were three watering t rea tments  with the  constant  soil moisture 
kept  at  40, 60 and 90 % of maximum capillary capacity.  The watering doses 
were determined gravimetrically and increments in plant  mass were con- 
sidered. The water  was added to the  soil b y  means of a syringe (VXCLAVlX 
1966b). The surface of the pots  was covered b y  appropriate PVC discs to 
prevent  water  loss b y  evaporation. 

The area of  the  individual leaf blade was determined b y  multiplying the 
maximal length b y  maximal width and correcting the values obtained ac- 
cording to a regression graph. All developed leaves were measured till 
their active assimilation area was greater then one half  of their total  area. 
When the leaf blade was clearly distinguishable from the sheath this was 
considered as a criterion for leaf "maturity". 

The total  leaf area (A) represents the  sum of average leaf areas at  dif- 
ferent insertion levels. Leaf  area duration (L.A.D.) was expressed graphically 
as an area limited by  the curve of increments of leaf area or ~ime changes of  
leaf area respectively (A/week). The relative growth rate of the leaf area (R) 
was determined in a similar way  as the relative growth rate of the whole 
plant  (WATSO~ 1958) according to formula: 

RA~o = lnA2 -- lnA1 �9 100, 
t 2 -- t ,  

where A1 is the leaf area at  the beginning and A 2 at  the end of the time 
interval  t 2 -- t 1. 

P lant  development  was studied according to the  average number  of all 
leaves formed and to the time-course of flowering of male flowers. 

Results and Discussion 

The slight first maximum in the growth of leaf area appeared in all the 
t reatments  in the  phase of 5 - -8  leaves (Fig. 1 --3). 60 and 90% treatments  
reached this maximum between the 32nd and 39 th  day  after planting, the 
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40% treatment between the 53rd and 60th day (three weeks retardation). 
The following transitional drop Was clearly caused by the intensive develop- 
ment of the root system during this period (V-~CLAVIK 1966a). 

The growth of leaf area between the 25th and 46th day in the 40 % treat- 
ment was so gradual (Fig. 1) that  the increments in leaf area showed a slight 
decrease (Fig. 2) during this period. The relative growth rate of the leaf area 
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Fig.  1. T h e  g r o w t h  o f  to ta l  leaf  area .  

Absc issa :  N u m b e r  o f  d a y s  f r o m  p lan t ing .  Ord ina te :  Total '  l eaf  a rea  in  a m  g. 
. . . . . .  40% t r e a t m e n t ,  - . . . . .  60% t r e a t m e n t ,  - . . . . .  90% t rea tment .  
N u m b e r  deno tes  g r o w t h  phase s  ( n u m b e r  o f  leaves,  appea rance  o f  ma l e  flowers in  pe r  cent ) .  

(Rig. 3) which exhibited a more or less downward trend from the beginning 
of vegetation started to rise quite abruptly in all the treatments on the 46th 
day after planting. The maximum was attained in the 60 and 90% treat-  
ments just before the appearance of male flowers in the phase of 10 -- 12 
leaves (from the 53rd to 60th day after planting). A similar increment in 
the 40 % treatment corresponded with the first maximum of leaf area growth 
in the phase of 5 -- 8 leaves. Under the 40 % treatment the prefloral maximum 
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Fig. 2. Graphica l  express ion  o f  l ea f  a r ea  d u r a t i o n  (L.A.D.) .  
Abscissa :  N u m b e r  o f  d a y s  f rom p lan t ing .  Ordin~tte: I n c r e m e n t s  in  leaf  a rea  in dml]week.  
. . . . . .  40% t r e a t m e n t ,  - . . . . .  60% t r e a t m e n t ,  - . . . . .  90%0 t r e a t m e n t .  
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Fig.  3. Re la t ive  g r o w t h  r a t e  of  t h e  leaf  a r ea  (RA). 
Abscissa :  N u m b e r  o f  d a y s  f rom p lan t ing .  Ord ina te :  The  re la t ive  g r o w t h  ra te  in  per  cent .  
. . . . . .  40%o t r e a t m e n t ,  - . . . . .  60% t r e a t m e n t ,  - . . . . .  90%0 t r e a t m e n t .  
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in the relative growth rate of the leaf area was reached in the same phase of 
development (10 to 12 leaves) only from the 67th to 74th days after plant- 
ing. The course of the leaf area increments (Fig. 2) in this period revealed 
the same trend as the relative growth rate of the leaf area�9 The absolute 
maximum of the leaf area was attained in the 60 and 90 % treatments on the 
67th day and in the 40% treatment on the 81st day after planting. 

The growth phases (number of leaves) and the course of flowering of male 
flowers are expressed numerically in the Fig. 1, which shows the leaf area 
growth. The variability in development which is not related to the soil 
moisture content increased during the vegetation period and hence it seems 
that  the progressive differences between the 60 and 90% treatments are 
restricted to differences in the leaf area. The graphical expression of the 
average leaf number during the vegetative period (Fig. 4b) shows that  even 
between these two treatments the difference in the rate of development 
oecured. This difference reached the value of one and half leaf (higher rate 
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Fig.  4a. S t e m  e longa t ion .  
Absc issa :  N u m b e r  o f  d a y s  f rom p lan t ing .  Ord ina te :  S t e m  l eng th  in era. 
. . . . . .  40% t r e a t m e n t ,  . . . . . .  60% t r e a t m e n t ,  - . . . . .  90% t r e a t m e n t .  

Fig.  4b. A v e r a g e  n u m b e r  o f  leaves  f o r m e d  d u r i n g  t h e  vege t a t i on  per iod.  
Absc issa :  N u m b e r  o f  d a y s  f r o m  p lan t ing .  Ord ina te :  Ave rage  n u m b e r  o f  leaves.  
. . . . . .  40~o t r e a t m e n t ,  - . . . . .  60~o t r e a t m e n t ,  - . . . . .  90% t r e a t m e n t .  
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of development in the 90 % treatment) at the time of the most intensive 
growth of the leaf area between the 53rd and 60th day. 

Taking into account the fact that  even elongation (Fig. 4a) was more 
intensive in the 90% treatment during the vegetative period, it is under- 
~tandable that  significant differences between these two treatments oceured 
even in the vertical distribution of the leaf area (Fig. 5). 
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Fig. 5. Vertical d is t r ibut ion of the leafa~ea on 32nd, 46th, 60th, 74th and  88th day  f rom plant ing.  

Abscissa (below): leaf azea in dms. Ordinate:  Height  f rom the surface ef  the  po t  in era. 
~ (hTumbers indicabe the  age of  leaves represented a t  different insertion levels). 

. . . . . .  40% t rea tment ,  - . . . . .  60% t rea tment ,  - . . . . .  90% t rea tment .  

The course of the leaf area growth in leaves of different age indirectly 
reflects even their viability (Fig. 6a--c). The permanent decrease in soil 
moisture up to 40% of the maximum capil]ary capacity caused a clear-- 
cut prolongation of the life span of elder leaves (especially in the 3rd, 7th 
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Fig. 6. The changes in leaf area of leaves of different age during their ontogenesis. 
Abscissa. Number of days from planting. 
Ordinate- Area of individual leaves in cm z. 
(The roman numerals indicate the order of leaf insertion from base to the apex.) 
Fig. 6a --  90% treatment  



F~. 6b. 

F O L I A G E  D E V E L O P M E N T  I N  M A I Z E  

500 f 

75 

400 

300 

200 

100 

32 44 

]Fig. 6b --  60% t r e a t m e n t  

60 

XVL 

A~// I. 

74 

1 

88 



76 

Fig. 6c. 200 

J . V ~ C L A V f K  

100 

0 
32 44 

Fig. 6e -- 40% treatment  

f ' - ~  

, , ,  

II/A7 
60 74 88 

leaf). The dynamics of the plant growth (R.G.R.) were influenced by 
the anticipated adaptation process (V/[CLAV~K 1967, 1968). One part of 
the plants in the phase of 3--4 leaves still capable of producing further 
leaves, lost the third and fourth leaf relatively soon (faster than 60 and 
90 % treatments). On the other hand the plants which were more influenced 
by soil moisture deficit retained the third and fourth leaf nearly up to the 
end of the vegetative period (decrease in the average area of the third and 
fourth leaf up to a certain value which was maintained; slow increment of 
the total leaf area in this period). 

The differences between the 60 and 90% treatments were characterized 
rather by progressively increasing maxima of the leaf area with increasing 
insertion levels in the 90 % treatment than by the duration of ontogenesis 
of similar leaves. This led to the above mentioned differences in the growth 
of the total leaf area. 
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Byl hodnocen vliv rfizn6 konstantnl  phdnf vlhkosti (90, 60 a 40 % maximhlnl kapilhrni ks- 
pacify), aplikovan6 od v~sevu nakliSon~eh obilek, na v~voj lister6 plochy kuku~ice v souvislosti 
so zm~nami plochy rflzn6 star~ch listfi b6hem jojich ontogenese. Bez ohledu na pfidni vlhkost 
projevfly se v rflstu celkov6 listov6 plochy, charakterisovan6m integrs listovou plochou 
a specifickou rychlosti rhstu lister6 plochy, dvit maxima: m6n6 v~razn6 primgwni maximum ve 
fhzi 5--8  listh a absolutnf sckund~rni maximum p~cd zaShtkcm kveteni ve f~zi 10--12 listfi. 
Vliv trval6ho sni~eni phdal  vlhkosti so projevil, podle stupn6 sni~.enf, progresivn6 men~ii listovou 
plochou a zpo~,d~tnim ve v~rvoji eol~ch rostlin, lga rozdfl od such6 varianty (40%), dostihla 
varianta s vyw167 pfidni vlhkosti (60%) velikost/ sv6 listov6 plochy kontroin/ variantu (90%), 
avw teprve pc skonSenl vegetativnl fhzo rdstu. Nejv6tw v~vojovg~ difcrencc mezi jednotliv~hni 
zg~vlahovshni variantami byla zjiw v dob6 nejintonsivn6j~fho rflstu lister6 plochy kontrolrd 
varianty. Trval4 snf~enl phdnl vlhkosti ovlivnflo vs~razn6 prhb/th ontogcnese jednotlivs~ch listo- 
v~ch pater (zvls167 starw listfi). U such6 varianty dow zjevn6 k prcdlou~enl ontogenese, 
zatimco u variant s vyw167 pfldnf vlhkostl spiw k dHv6jw omezonl a~. zastaveni rflstu pc do- 
sa~tonl ur6it6ho maxima. 

~ .  BARJJAH~, I/IHcTIITyT o~cnep~IMeHTanbHofi 6 0 T a H ~  q C A H ,  oT~enen~e q~ri3noxtor~ 
pacTeHnfi, Hpara:  ~efiCTBHe pa3an.Hh~X UOCvommb*X ypo.Hefi .aamHOCT. noqm.~ Ha paa- 
.UTHe aHCTOUOfi r~aCTHH~H y . y . y p y a u . -  Biol. P lan t .  i i  : 6 8 - - 7 8 ,  i969. 

Hayqa:Iocb Ba~uH~epaan~HOfi  ~OCTOa~Ofi Baa~HOCT~ noqnu (90, 60 ~ 40 % OT MaI(CH- 
MaJIbHO~ ~ a n . ~ u p ~ o H  BnaroeMI~OCTF[), B yCIIOBI~tX HOTOpO~ pacTeH~a H a x o A ~ C ~  OT 
noceBa ~popocm~x 3epnoBOK, Ha pa3B~tT~ie H ~HaMt~Ry poe t s  7t~IcTSeB ~y~ypya~  ~ CBaa~ 
C ~3MeHeH~IaMH nJIo~a)IH 7tl~CTSeB pa3Horo Bo3pacTa B TeqeH~te nx onToreue3a. He3aBYtCHMO 
OT IIOqBeHHO~ BJIa~HOCTII B npoliecce pocTa o6n~efi nrtCTOBOfi n~toI~aA~, xapa~Tepaao- 
BaHnofi ~HTerpa~IbHOfi JIHCTOBOfi nJ~oma~bm ~ cnelmqS~uec~ofi c~opocT~O pocTa JI~CTO~Ofi 
nnomaa~,  BUamleno aBa Mal~(:~rMyMa: Me.ee Bhlpa3gweJIbnhtft IiepBg~trthlH MaKCHMyM B ~?aae 
5 - - 8  ~Incrbea a a6COmOTHUfi BTOprmHrafi MaKc~IMyM nepe~ Haqa~IoM ~aeTe.~a a Oaae i 0 - - i 2  
ztaCT~.e.. B~I~an~e nocToanuoro curtmeaaa B~IaaCHOCT~I nOgBht npoa~rUlOCb, COOTneTCTBeHHO 
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cTeneH~ cggmen~tfl, Bce 6onee yMenLmammcficn n~oma~bm nffcTa ti aanepm~o~ paaBHWffa 
Bccro pacTenam B o ~ a q n e  OT cyxoro  BapHaHTa (40), nap~anw c 6onee BLmOKHM ypoBneM 
BJIaH~ItOCTH IlOqBbI (60) cpaBnnncH BenllqHHOfi cBoeH ~HOTOBO~ n n o m a a a  c ~OHTpOnbHhtM 
aaprIaHwoM (90), O~Hat~o nllml~ nocne oKonqanna  BCreTaTHBI~Ofi /pa8~ pocTa. H a n6oa bme e  
pa3n~qgo n pa3BffWHII Merely OT~CnhHMMH BapHaHTaMrt no Bn,2~I(tIOCTII Hafi~eno n nep~oa  
Ha~6oaee CHnbttOFO pocva nHCTOBOH i1Jtonla~II I(OttTponbltOrO BapHaHTa. I'IocTo~tIHOe cHII- 
men,re ~namHOCT~ n o q n u  ~Meao BIapa3IIwcnbtlOe JlefiCTBHe Ha XO~ onToreHeaa OW~0nbl~bIX 
aTamcfi nllcTbeB (OCO6etItIO nIIcTbeB CTapmHX no paaBHr~m). u cyxoro  BapHaHTa r[poH3oHIno 
c OqenH2lnOCTbm y~tanneHHo OHTOreHeaa, n TO BpeMg Ka~ y BapHaHTOB C 6once BIMCOI~HM 
ypOBHeM Bna}I(HOOTH I1OqBhl HacTynano 6once paHHee orpaHgqeHge Hng name n p e R p a n m ~ e  
pOCT3 cnyCT~ TOFO, Ran OH~ /I:OCTHrJIII HeKOTOp~ Ma~c~My~. 


