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Abstract. 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 soil 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 doecrease in soil moisture were a correspondingly progressive reduction in leaf area
and delayed development of the whole plants. Plants with 609, soil moisture attained the same
leaf area as those with 909, 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 efc.). 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. IWAKI 1959,
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Koroiwa 1959, SAEkr 1960, 1961, 1963, DoNaLp 1961, MILTHORPE 1961
BLaoRMAN 1962, MoNTEITH 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. Stupickd rand) were cultivated singly
in Mitscherlich’s vegetation pots (d = 20 cm) filled with sandy clay soil
(pedological characteristics see VACLAVIK 1967) in the greenhouse from
22. 5. to 18. 8. 1964.

There were three watering treatments with the constant soil moisture
kept at 40, 60 and 909, 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 by means of a syringe (VAcLavix
1966b). The surface of the pots was covered by appropriate PVC discs to
prevent water loss by evaporation.

The area of the individual leaf blade was determined by multiplying the
maximal length by 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 time 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 (WaTsox 1958) according to formula:

Rao, — e —hds 40
ty — 4
where A, is the leaf area at the beginning and A, at the end of the time
interval t, — t,. :

Plant development was studied according to the average number of all

leaves formed and to the time-course of flowering of male flowers.

Results and Diseussion

The slight first maximum in the growth of leaf area appeared in all the
treatments in the phase of 5—8 leaves (Fig. 1—3). 60 and 909, treatments
reached this maximum between the 32nd and 39th day after planting, the
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409, 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 (VAcLAVIK 1966a).

The growth of leaf area between the 25th and 46th day in the 409, 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. The growth of total leaf area.
Abscissa: Number of days from planting. Ordinate: Total leaf area in dm?.
...... 409, treatment, ------ 609, treatment, --- --- 909, treatment.
Number denotes growth phases (number of leaves, appearance of male flowers in per cent).

(Fig. 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 909, 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 409, treatment corresponded with the first maximum of leaf area growth
in the phase of 5 —8 leaves. Under the 409, treatment the prefloral maximum
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Fig. 2. Graphical expression of leaf area duration (L.A.D.).
Abscissa: Number of days from planting. Ordinate: Increments in leaf area in dm?*/week.
...... 40% treatment, ---.-- 609, treatment, --- --- 909, treatment.
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Fig. 3. Relative growth rate of the leaf area (Ra).
Abscissa: Number of days from planting. Ordinate: The relative growth rate in per cent.
...... 409, treatment, ----.- 60%, treatment, --- --- 909, treatment.
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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. The absolute
maximum of the leaf area was attained in the 60 and 909, treatments on the
67th day and in the 409, 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 909, 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
occured. This difference reached the value of one and half leaf (higher rate
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Fig. 4a. Stem elongation. .
Abscissa: Number of days from planting. Ordinate: Stem length in cm.
...... 409, treatment, ------ 609, treatment, --- --- 90%, treatment.

Fig. 4b. Average number of leaves formed during the vegetation period.
Abscissa: Number of days from planting. Ordinate: Average number of leaves.
...... 409, treatment, ------ 609, treatment, --- --- 90%, treatment.
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of development in the 909, 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 909, treatment during the vegetative period, it is under-
standable that significant differences between these two treatments occured
even in the vertical distribution of the leaf area (Fig. 5).
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Fig. 5. Vertical distribution of the leaf area on 32nd, 46th, 60th, 74th and 88th day from planting.
, Abscissa (below): leaf area in dm?. Ordinate: Height from the surface of the pot in em.
, (Numbers indicate the age of leaves represented at different insertion levels).
...... 409, treatment, ------ 60%, treatment, --- --- 909, treatment.

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 409, of the maximum capillary capacity caused a clear —
cut prolongation of the life span of elder leaves (especially in the 3rd, 7th



74 J VACLAVIK
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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 em?.
(The roman numerals indicate the order of leaf insertion from base to the apex.)

Fig. 6a — 909, treatment
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Fig. 6c. 2m -

Fig. 6¢c — 409, treatment

leaf). The dynamics of the plant growth (R.G.R.) were influenced by
the anticipated adaptation process (VAcravir 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
909, 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 909, treatments were characterized
rather by progressively increasing maxima of the leaf area with increasing
insertion levels in the 909, treatment than by the duration of ontogenesis
of similar leaves. This led to the above mentionéd differences in the growth
of the total leaf area. ‘
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Byl hodnocen vliv riizné konstantni pidni vlhkosti (90, 60 a 40 % maximéalni kapildrni ka-
pacity), aplikované od vysevu nakli¢enych obilek, na vyvoj listové plochy kukutice v souvislosti
se zménami plochy rizné starych listi bdhem jejich ontogenese. Bez ohledu na pudni vlhkost
projevily se v rastu celkové listové plochy, charakterisovaném integrélni listovou plochou
a specifickou rychlosti rustu listové plochy, dvé maxima: ménd vyrazné primérni maximum ve
fazi 5—8 listh a absolutn{ sekundirni maximum pfed zatidtkem kveteni ve fazi 10—12 listh.
Vliv trvalého sniZeni ptdni vlihkosti se projevil, podle stupné sniZeni, progresivné menéf listovou
plochou a zpoZddnim ve vyvoji celych rostlin. Na rozdil od suché varianty (40%), dostihla
varianta 8 vyS8i padaf vlhkosti (60%,) velikosti své listové plochy kontrolni variantu (90%),
aviak teprve po skonéeni vegetativni faze rtstu. Nejvétsf vyvojova diference mezi jednotlivymi
zévlahovymi variantami byla zjisténa v dobd nejintensivngjiiho rastu listové plochy kontrolni
varianty. Trvalé sni%eni pidni vlhkosti ovlivnilo vyraznd prabséh ontogenese jednotlivych listo-
vych pater (zvlasté starsich listt). U suché varianty doslo zjevnd k prodlouZeni ontogenese,
zatimeo u variant 8 vyS3i padni vlhkosti spife k dfivéjiimu omezeni a¥% zastaveni ristu po do-
sazeni uréitého maxima.

J1. Bannasuk, Uncruryr sxcnepuMentaibuoil 6orannkr YCAH, ornenenme gusmonornn
pacrennii, Ilpara: JleficTBae pasimYHBIX HOCTOSNHHBIX YPOBHEll BIAKHOCTH NOYBBI HA pas-
BUTHE JHCTOBOI ILIACTHHKA Y KYRypy3bl. — Biol. Plant. 11 : 68—78, 1969.

Usyuasock BAnsHAe Pa3aAMIHOM nocTrosHAOH Bia)umocT nousk (90, 60 m 409, ot Makcn-
MaJIbHOH KaUMILISIPHOH BJIATOEMKOCTH), B YCJOBHAX KOTOPOH pacTeHHA HaXOXWIAChH OT
[OCeBa HPOPOCIINX 3ePHOBOK, HA Pa3BHTHe W JUHAMHUKY POCTa JIICTHEB KYKYPY3Hl B CBAZH
¢ M3MEHEeHHAMHE IIOMAM JIXCTHeB PAa3HOTO BO3pACTa B TedeHHe UX OHTOreHesa. Hesasmemmo
OT NOYBEHMHOM BJIA}KHOCTH B Hpolnecce pocra obmedl JmcToBOH NJIOmagd, XapaKTePH30-
BaHHO HATErpasibHOH JIMCTOBOH IIOMANbio M cHenumIecKOR CKOPOCTHI0 PocTa JHCTOBOM
IVIOWA/Y, BLIABIEHO ABA MAKCHMyMa: MecHee BHIDa3HTeNIbHEIH NePBAYHEIA MaKkcHMyM B dase
5—8 mucTheB M aGCOMIOTHEIN BTOPMYHHIN MaKCHMYM Iepel HauajoM NBeTenns B ase 10—12
JAcTheB. BidsAHAE NOCTOAHHOTO CHAMKEHHA BIIAKHOCTH IOYBLI MPOABHIIOCH, COOTBETCTBEHHO
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CTETIeHA CHYKEHHs, Bee Gojiee yMeHBITAIOIMCHCA DIOMARBI0 JIMCTa W 8afePRKOR pasBuTAR
BCCIO pacTennsi. B o1imume ot cyxoro BapmadTa (40), BapmaHT ¢ GoJiee BLICOKHM ypOBHEM
BJIaMHOCTA NOUBH (60) cpaBEANICA Be/MYMHOH CBOEH JIMCTOBOM INIOWIANA ¢ KOHTPOJLAEIM
BapuanToM (90), oHaKO ML MOcJle OKOHYAHMA BereTaTWBHOM (aswsr pocra. Hanboabmee
pasjizyme B Pa3BATHA MEMIy OTACILHLIMA BADHAHTAMHI TI0 BIKHOCTH HAJEHO B NCPHON
Hambosiee CHALHOIO POCTA JIMCTOBOM INIOIMAAW KOHTPOJIGHOIO BapmanTa. IlocTOSHHOE CHE-
JCHAe BJIAMHOCTH NOYBLI MMeJI0 BHIDABHTC/IBHOE JeHCTBHe HA XOJ OHTOTeHe3a OTHACTLHLIX
aTasKcl AACThEB (0c0CeHHO JIICTHEB CTAPIIMX 10 Pa3BUTHIO). ¥ CYXOro BapHanTa NPOH30ULIO
¢ OYCBHJIHOCTBIO Y/UIMHEGHHC OHTOICHe3a, B TO BPCMA KAaK y BapHAHTOB ¢ G0Jice BLICOKAM
YPOBHCM BJIAJKHOCTH LOYBHL BAcTyNajxo GoJiee paHHCe OTPAHHYEHAe MM Jae NPeKpaleHme
pocTa COyCTA TOro, KaK OHH JOCTHINIA HEKOTODLIE MaKCHAMYM.



