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Summary

The subject of the experiment were three cultivars representing three dif-
ferent kinds of cauliflower: white (‘Planita F,"), green (‘Trevi F;") and ro-
manesco (Amfora F,’). All plants were cultivated from transplants of various
age (ca. 30 and 40 days) prepared in different size pots (96 and 160 cells/tray).
The parameters of transplants ready for planting were determined and the yield
level as well as commercial quality of curds was assessed. The fresh mass of
overground part and root system of transplants of all cauliflower types was
higher in case of older transplants and transplants grown in pots of larger cell
volume. The commercial yield and the average curd weight were highest for
white cauliflower cultivar, lower for green cultivar and the lowest for the ro-
manesco type variety. All three cauliflower varieties reached their maximal
values in this respect with the older-transplant and larger pot size. Most curds of
grade I and the biggest diameter were formed in case of white cauliflower
plants, slightly fewer of green variety and the least of the romanesco type. In
case of all cauliflower varieties plants cultivated from older transplants had a
larger root system, which ensured the best quality and most favourable market-
able curds. Particular cauliflower types differed quite considerably in respect to
their tendency to form curd defects (green bracts, hollow stem, riciness and
browning). White cauliflower was the least susceptible to disorder in curd forma-
tion with the romanesco being the most sensitive type. In case of white cauli-
flower, transplants obtained from smaller pots, particularly in the case of younger
transplants, resulted in the increased number of defects. However, in case of green
and romanesco forms transplants produced in larger pots resulted in the occur-
rence of higher number of curd defects, particularly for older transplants.
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INTRODUCTION

The manner of transplant production is of considerable importance in cau-
liflower cultivation. Cauliflower, to a much higher degree than other vegetable
species, strongly reacts to transplant condition, the fact which is manifested in
yield quantity and curd quality. In transplant production, the size of pots used as
well as the time of production are crucial and play an important role in the final
condition of plants (Godoy & Cardoso 2005).

The tendency to decrease the cell volume in trays during vegetable pro-
duction has been observed for a long time. The use of smaller pots allows to
obtain more plants from the same unit area. In effect, the cultivation area is used
more effectively, the amount of substrate can be decreased and, in consequence,
production costs go down (NeSmith & Duval 1998). However, diminishing the
pot size may lead to root system growth reduction and, in effect, to a weaker
development of the overground transplant mass, which may negatively influ-
ence the further plant growth following planting in the field (Booij 1990, Wiebe
1981).

On the other hand, adequate transplant age ensures continuous and uniform
growth of plants after planting, which results in the higher effectiveness and the
yield quality. Occasionally, during early spring cultivation there is a necessity to
extend the transplant production period due to unfavourable weather conditions,
however in autumn transplants should be planted at their optimal development
phase. Planting older transplants shortens the vegetative growth period of plants
in the field and accelerates the plant’s entering the phase of generative initiation
which does not always favour the right curd development (Lewandowska 1992,
Wurr et al. 1986). In case of age-advanced cauliflower transplants it may influ-
ence curd future growth more negatively (Vavrina 1998), than in case of closely
related species - broccoli (Damato et. al. 1994, Lamont 1992).

All the aspects mentioned above have been widely discussed in the litera-
ture in regard to white curd cauliflower, however the knowledge regarding
green and romanesco cultivars is still very scarce.

The purpose of these experiments was to determine the effect of manner
transplant production in respect to pot size and transplant age and the internal
relations between these factors on the yield and marketable quality of curds on
all three types of cauliflower.

MATERIAL AND METHODS

The field research was carried out at the MydIniki Research Station of the
Agricultural University in Krakow in 2002-2004. The subjects of experiments
were three types of cauliflower: white (Planita F;), green (Trevi F;) and ro-
manesco (Amfora F;), cultivated from transplants of various age prepared in
different size pots. Seeds were sown on two different dates: at the end of the
second and in the third decade of May, at 10 days intervals, to 42 x 42 mm (96
cells/tray) and 32 x 32 mm multipots (160 cells/tray) filled with peat substrate.
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The peat pH was at the level of 6.5 and was fertilized with the mix of MIS-4 in
the amount of 3.5 kg of the part containing macroelements and 135 g microele-
ments for 1 m” of the substrate. During the production period transplants were
fertilized two or three times with 0.1% water solution of multicomponent fer-
tilizer (Superba brown), starting fertilization at 15 days prior to planting. Trans-
plants produced in nursery-greenhouse were systematically watered when nec-
essary. At the time of planting in the field cauliflower transplants were ca. 30
and 40 days old. Prior to planting in the field the fresh and dry matter of the
overground part and transplant root system were determined. At that time,
growth parameters were assessed based on the measurements carried out on 6
plants selected from every experimental object.

The transplants were planted in the field at 67.5 x 50 cm spacing in the last
decade of June. The 3-factor experiment (cauliflower forms, seedling age and
pot size) was established in a randomized block design, with four replicates.
The size of the experimental plot was as follows: 2.70 m (4 rows of plants) x
3.50 m (7 plants) = 9.45 m? (the total plot size). In total, there were 28 plants on
each experimental plot of which four edge plants constituted protective belts
and measurements were carried out on 24 plants (harvest plot = 8.10 m?).

During vegetation period treatment procedures were performed (weed and
pest control, fertilization, watering, curd protection against the sun) according to
recommendations for this species.

Curds were harvested systematically, usually twice a week, starting from
the end of August and throughout September and October. At each harvest time
the yield was determined taking into account the mass and the number of curds.
Additionally, their commercial value was assessed. In the analysis the share of
particular grades was taken into consideration (I, Il and unmarketable) in total
yield and curd size class in marketable yield, defined as the diameter measured
along the arch (A > 30 cm, B 25-30 cm, C 20-25 cm, D 15-20 cm). Further-
more, all defects in curds were assessed, i.e. green bracts, riciness, hollow stem
and browning. During harvest both cauliflower curds quality and curd size were
taken into account so it was possible to place six heads in a universal plastic
box, which is a standard packaging in trade.

The finale results are presented as means for three years of trials due to the
fact that obtained dependences were very close in particular years. Statistical
evaluation was executed using analysis of variance (Duncan test) at P=0.95.

RESULTS AND DISCUSSION

At the time of planting in the field the fresh mass of the overground part of
the transplant for all types of cauliflower depended on its age and was almost
two times higher in the case of older transplants as compared to the younger
ones (Table 1). It was also higher in the case of larger pots. Fresh mass of root
system, similarly to overground part, depended on transplant age and pot size
without any of these factors being a dominant one. However, dry matter content
both in green parts and in roots was slightly higher for plants obtained from
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smaller pots. On the other hand, a longer production time increased dry matter
content in overground part and decreased in the underground one.

Table 1. Fresh weight and dry matter content in over-ground parts and roots of cauli-
flower transplants

Fresh weight (g - plant™) Dry matter (%)
Type of Kind of Over- Over-
cauliffower transplants  o.ynd  Roots  Total ground Roots  Mean
parts parts

30/96* 2.84 0.39 3.23 13.56  21.58 17.57
30/160 1.64 0.22 1.86 1446 2384  19.15

White 40/96 572 060 632 1396 17.10  15.53
40/160 316 038 354 1587 19.16 1752

30/96 249 032 281 1248 19.10 15.79

Green 30/160 165 031 196 13.62 2032 1697
40/96 585 085 670  14.09 18.64 1637

40/160 278 042 320 1456  19.18  16.87

30/96 346 059 405 1240 1799 1520

Romancscg | 30/160 238 033 271 1161 2621 1891
40/96 547 058 605 1314 1757 1536

40/160 4.38 0.58 4.96 14.28  26.74  20.51

* Note: first numerals means age of transplants and the second one number of cells per tray

The extension of transplant production time by ten days resulted in the in-
crease of both the green mass and the root system. This is a well known effect
of summing up daily biomass increases, i.e. the function of time, the fact also
confirmed by other authors (Vavrina 1998). However, demonstrating more vig-
orous transplant growth in larger pots is justified simply by more favourable
conditions of plants development (more substrate, better water and nutrients
availability), which, in case of smaller pots could be a limiting factor (NeSmith
& Duval 1998, Wiebe 1981). Such an explanation can also be confirmed by
results of dry matter content in both transplant parts which was higher in larger
pots. However, it needs to be stressed that results presented in this study, even
though repetitive in three consecutive years were obtained based on measure-
ments carried out on small transplant population and did not allow to perform
the statistical analysis. Therefore, they should be deemed rather as characteris-
tics of ready to planting seedlings than a comparison of research objects.

Commercial yield measured in t-ha™ was the highest in case of white cauli-
flower type and its value ranged from 28.80 to 36.52 t-ha”', lower in case of
green type (26.11-30.28 t-ha™) and the lowest for romanesco (16.31-23.71 t-ha™)
(Table 2). All three varieties of cauliflower achieved their maximum yields in
case of older transplants and the larger pot size. Similar dependence was also
observed for average curd weight, which in case of white variety ranged from
1.36-1.53 kg, for green variety from 0.97-1.16 kg and in case of romanesco
type variety it was between 0.86-0.96 kg. However, it was difficult to observe
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such a trend in case of the number of marketable cauliflower curds from one
unit of study area.

Table 2. Marketable yield and mean weight of cauliflower curds

Type of cauli- Kind of Marketable yield Mean weight
flower transplants t- ha number - ha”  of curds (kg)
30/96* 28.80 efg** 20 678 abc 140 e
White 30/160 31.05¢g 22 015 bed l4le
40/96 36.52h 23 865 def 1.53f
40/160 30.72 fg 22 633 cde 1.36¢
30/96 29.52 efg 26 128 fg 1.13d
Green 30/160 26.11 de 26853 ¢g 0.97 be
40/96 30.28 fg 26 128 fg 1.16d
40/160 27.35 ef 27058 g 1.0l ¢
30/96 21.68 be 22 765 cde 0.95 be
Romanesco 30/160 1631 a 19088 a 0.86a
40/96 2371 cd 24 588 efg 0.96 be
40/160 18.48 ab 19 685 ab 094 b

* Note: See Table 1
Note: Values in columns marked with the same letter do not differ significantly at P=0.05

The highest share of grade I in total yield was obtained for white cauli-
flower variety (90.4-93.3%), slightly lower for green type variety (85.2-91.4%)
and significantly lower for romanesco variety (75.7-82.3%) (Fig.1). Similar
results were obtained when three cauliflower types were compared in respect to
curd size measured along the arch, with the domination of white cultivar over
the other two being more evident (Fig. 2). Thus, most valuable curds of class A
were found in case of white cauliflower where the value ranged from 82.7 to
93.8%, with 75.5-85.3% for the green variety and 73.7-87.6% for the ro-
manesco type. It is interesting that for all three types of cauliflower, plants cul-
tivated from older transplants with bigger root system resulted in high market-
able value curds.

A transplants with well developed strong root system, are probably much
better prepared for a stress connected with planting in the field and such plants
usually produce and higher quality marketable curds. This trend was observed
for all three cauliflower varieties and is consistent with the results obtained by
other authors (Booij 1990, Godoy & Cardoso 2005, Wurr et al. 1986). How-
ever, some discrepancies of particular authors findings exist in this aspect. Le-
wandowska (1992) claims that younger transplants give higher yield, however
in that particular case this might be a result of higher age differentiation (3-7
weeks) than in presented experiments. It seems that searching for cost cuts (us-
ing smaller pots, shortening production period) at the stage of transplant pro-
duction does not deserve recommendation.
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Fig. 1. Structure of cauliflower yield (% of total number of curds)
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Particular cauliflower types differed considerably in respect to disorder in
curd formation (Fig. 3). Generally, white cauliflower was the most resistant to
curd defect formation and romanesco was the most sensitive type. As far as
types of defects are concerned, browning and riciness were the most rare, whilst
green bracts occurred more often and hollow stems where the most popular.
Defects were diversified between particular varieties. In case of white variety
green bracts were the most common and other defects appeared less often.
Green cauliflower was the type where green bracts and hollow stems were the
most common defects. However, in case of romanesco type cauliflower even
more than 30% of curds were affected with hollow stems, several times more
than with green bracts. A relationship between the transplant age and the man-
ner in which it was produced and the scale of curd deformation occurrence was
observed during conducted experiments. It differed between particular cauli-
flower types. In case of white cauliflower the transplants obtained from smaller
pots caused the increase in the number of defects, the fact that particularly af-
fected younger transplants. Fewest defects were observed in case of older trans-
plants with better developed root system. The reaction was contrary for green
and romanesco type cauliflowers, namely the transplants cultivated in larger
pots had more curd defects, which concerned mostly older transplants.
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Fig. 3. Disorder in cauliflower curd formation (% of total number of curds)



S. CEBULA — THE EFFECT OF POT SIZE AND TRANSPLANT AGE ... 109

Most of described curd defects are caused by variable thermal conditions,
usually excessively high or low temperatures at certain growth periods (Grevsen
& Olesen 1994, Grevsen et al. 2003), but sometimes also by mistakes made in
plant nutrition. A different reaction of the studied cauliflower varieties to the
usability features under analysis, manifesting itself in the domination of the
white variety over the other two types, also confirmed in previous studies (Ce-
bula et al. 2005), might have resulted from individual features of each variety.
However, breeding studies for particular cultivars are carried out in a different
way. White cauliflower is the oldest of all known types, still undergoing im-
provements and in the course of many years of experiments new, well-tested
cultivars were developed. Green and romanesco cauliflowers have been culti-
vated for a short time and the number of cultivars is limited. Hopefully, the
continuous advancement in breeding will allow developing cultivars of a quality
comparable to the white cauliflower.

CONCLUSIONS

1. Fresh mass of overground part and root system of transplants ready for
planting in case of all cauliflower types were considerably higher from
older plants, grown in pots of larger volume. Such dependence was not con-
firmed when assessing dry matter content.

2. The commercial yield and the average curd weight were highest for white
type cauliflower, lower for green variety and the lowest for romanesco type.
All three types achieved their maximal values with the older transplant and
bigger pot size.

3. Most curds of grade I, of the largest diameter (class A) were determined for
white cauliflower, slightly fewer those of green type, and the fewest of ro-
manesco variety, cultivated from older transplants and with larger root sys-
tem.

4. Particular cauliflower forms differed quite appreciably in respect to their
tendency to form curd defects (green bracts, hollow stems, riciness, and
browning). The least susceptible to disorder in curd formation was white
cauliflower with romanesco being the most sensitive type.
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WPLYW WIELKOSCI DONICZEK I WIEKU ROZSADY NA PLONOWANIE
1JAKOSC ROZ KALAFIORA BIALEGO, ZIELONEGO I ROMANESCO

Streszczenie

Przedmiotem badan byt kalafior o rézach biatych odmiany Planita F,, zielonych
Trevi F; i romanesco Amfora F,, uprawiany z rozsady o zréznicowanym wieku (okoto
30 i 40 dni) oraz przygotowanej w roznej wielkosci doniczkach (96 i 160 komo-
rek/paletg). Okre§lono parametry rozsady gotowej do sadzenia, oszacowano poziom
plonowania oraz jako$¢ handlowa réz. Swieza masa czeéci nadziemnej i systemu korze-
niowego rozsady u wszystkich form kalafiora byta zdecydowanie wyzsza u rozsady
starszej oraz z doniczek o wigkszej objetosci. Wielko$¢ plonu handlowego oraz $rednia
masa 10z byla najwyzsza u kalafiora biatego, nizsza u zielonego, a najnizsza u romane-
sco. Wszystkie trzy formy kalafiora osiagnelty maksymalne warto$ci plonu i masy r6z w
obiektach ze starsza rozsada i wigkszymi doniczkami. Wigcej 16z I wyboru, o najwigk-
szej Srednicy, wyksztalcity rosliny kalafiora bialego, nieco mniej zielonego i wyraznie
mniej romanesco. U wszystkich trzech rodzajow kalafiora, rosliny uprawiane z rozsady
starszej 1 posiadajace wigksza bryle korzeniowa, zapewnily uzyskanie r6z o najkorzyst-
niejszych walorach handlowych. Poszczegolne formy kalafiora roznity si¢ dos¢ istotnie
sktonnoscia do wystgpowania zaburzen w rozwoju r6z (przeros$nigcie lisémi, jamisto$é
glaba, omszenie, zbrunatnienie). Najmniej podatnym na powstawanie zaburzen w roz-
woju ro6z byl kalafior bialy, a najbardziej wrazliwy romanesco. U kalafiora biatego
rozsada uzyskana z mniejszych doniczek, zwtaszcza mlodsza, spowodowata zwigksze-
nie liczby r6z z zaburzeniami, natomiast u zielonego i romanesco rozsada wyproduko-
wana w wigkszych doniczkach, szczegdlnie bardziej zaawansowana wiekiem, decydo-
wala o wystapieniu wigkszej ilo$ci 16z z wadami.



