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ABSTRACT

Field studies were conducted in the years 2003-2005 in the Experimental Farm of the University of Life
Sciences in Lublin. Beans from four cultivars — ‘Paulista’ and ‘Hit’ (green pods) and ‘Korona’ and ‘Galopka’
(yellow pods) — were grown on fawn soil, formed of loess deposits, on chalky marls, containing 1.4% organic
substances on average. There were six sowing terms, every 6-7 days starting from the middle of May to the end
of June. French bean harvest was performed once, when about 75% of the pods on the plants were in the phase
of technological maturity, which fell between the third ten days of July and the first ten days of September. From
the plot and plant the number and yield of the pods were determined: total, marketable and non-marketable
small pods, unshapely and overripe pods, as well as those with symptoms of disease. The highest total and
marketable pod yields — on average, 15.45 and 11.06 t ha’!, respectively — were obtained from plants sown in
the first ten days of June, whereas the lowest — 12.54 and 9.54 t ha' — were from those sown in the middle of
May. As a result of performing a one-time French bean pod harvest, the share of non-marketable pod yield in
the total yield was on a similar level (24-28%), depending on the growing term. Variability was demonstrated
in the share of particular non-marketable yield fractions (small pods, undersized, unshapely, and overripe pods,
as well as those with disease symptoms), depending on the sowing date. Growing four French bean cultivars
from sowing in the period from the middle of May to the end of June allowed us to extend the period of fresh

pod harvest to six or seven weeks.
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INTRODUCTION

Growing French beans for processing is of crucial
importance in Poland. It comprises an area of about
7.5 thousand ha. The production exceeds 52 thousand
tonnes, of which most is designed for freezing and
canning. The export of frozen French beans in the
years 2007-2009 reached 25-28 thousand tonnes
(Milczynska and Lenartowicz 2007, Nosecka et al.
2009, Nosecka and Bugata 2010).

In growing French beans for processing, a long
period of delivering material for processing, lasting
several weeks, is significant. In addition, there are
strict requirements concerning the quality of pods

designed for freezing and canning. At present,
material for processing is possible from both
French bean cultivars with green and yellow pods
(Elkner and Nowakowska 2000, Anonymous 2002,
Bakowski 2002). The yielding of French beans
and the accessibility of material for processing
depend on many factors — the cultivar, sowing date,
harvest method and, above all, on environmental
conditions (Gross and Kigel 1994, Rolbiecki and
Rzekanowski 1996, Mouhouche et al. 1998, L.abuda
et al. 2006, Labuda and Brodaczewska 2007 b).
Studies concerning growing French beans for
processing, conducted some time ago (Plucinska
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et al. 1977, Kossowski et al. 1978), revealed
that the genetic features of cultivars affected the
concentration and evenness of pod setting to the
greatest extent, as well as yielding structure.

The consumption of fresh French bean pods is
on a low level, is of a distinctly seasonal character,
and falls mainly in the period of harvest from field
growing. What contributes to the increase of French
bean pod consumption is growing beans in foil
tunnels (Labuda and Brodaczewska 2007 a), and,
above all, a broader application of frozen French
beans in everyday diets (Gorska-Warsewicz 2003).

French bean, as a thermophilous plant with
a short vegetation period, can be grown from sowing,
starting from the middle of May to the end of June,
which, with the selection of several cultivars, allows
for an extension of the harvest from about the middle
of July to the first ten days of September.

The aim of the present study was to get acquainted
with and trace the yielding of French bean grown
for processing after sowing on various dates
— from the middle of May to the end of June. It was
significant to determine the length of the harvest
period, the structure of pod yield, considering
cultivars with yellow and green pods, as well as to
apply a one-time pod harvest in the optimal phase
of technological maturity for processing.

MATERIAL AND METHODS

Field studies were conducted in the years 2003-2005
in the Felin Experimental Farm of the University of

Life Sciences in Lublin. Beans were grown on fawn
soil, formed of loess deposits, on chalky marls,
containing on average 1.4% of organic substance.
Fertilisation was based on the results of soil analysis
(Tab. 1); only the content of mineral nitrogen was
supplemented to 30 mg dm? of soil (ammonium
saltpetre was applied) during the study period.

The experiments were established as two-factor
one, using the method of random blocks in four
repetitions. The experiment factors were: A — six
sowing terms — in the period from the middle of
May, every 6-7 days to the end of June, and B — four
French bean cultivars: ‘Paulista’ and ‘Hit” (green
pods) and ‘Korona’ and ‘Galopka’ (yellow pods)
(Tab. 2). The plot surface was 4.05 m* (length:
3.0 m and width: 1.35 m), with a plant spacing of
0.45 m x 0.08 m. The dressed seeds (Funaben T +
Marshal 250 DS) were sown in three rows, two in
each point, and stopped after plant germination.

The French bean harvest was performed once,
when about 75% of the pods on the plant were in
the phase of technological maturity, which fell from
the third ten days of July to the first ten days of
September (Tab. 2). The number and yield of pods
were determined from the plot: total, marketable and
non-marketable, small pods, undersized, unshapely
and overripe pods, as well as those with symptoms
of disease. The study results were statistically
elaborated by means of variance analysis and the
Tukey confidence intervals at a significance level
of p=10.05.

Table 1. Soil analysis results (on average from two soil samples) in study years

Salinity Macroelements

Forecrop Year pH,,0 g NaCl mg dm” soil

per L N-NO, P K Ca Mg
Onions 2003 6.17 0.15 11 88 165 450 74
Tomatoes, lettuce 2004 7.07 0.00 10 111 230 535 88
Onions 2005 6.36 0.12 17 88 160 455 84

Table 2. Seed sowing and French bean harvest dates (for processing) in the study years 2003-2005
Sowing date One-time pod harvest date gzigz_ﬁii?s)
Sowing term 2003 2004 2005 2003 2004 2005 2003 2004 2005 Mean
May (middle) 14.05. 18.05. 21.05. 21-23.07. 4-7.08. 27.07.-2.08. 69 80 72 74
May (3" ten days) 21.05. 26.05. 25.05. 21-29.07. 9-11.08. 2-5.08. 67 76 71 71
May/June 28.05. 01.06. 31.05. 29-31.07.  17-19.08. 5-10.08. 63 78 70 70
June (1* ten days) 04.06. 08.06. 07.06.  6-13.08. 19-26.08. 10-17.08. 68 77 69 71
June (middle) 12.06. 15.06. 13.06. 12-20.08. 1-3.09. 17-26.08. 66 79 72 72
June (3" ten days) 23.06. 23.06. 21.06. 20-26.08. 6-8.09. 31.08.-7.09. 62 77 76 72
Mean 66 78 72 72
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RESULTS AND DISCUSSION

Conducting French bean sowing in six assumed terms
had slight divergences of a few days in the study
years (Tab. 2), first of all due to different humidity
conditions (Tab. 3) and the possibility of appropriate
soil preparation. The difference between the earliest
and the last French bean sowing term was 31 days in
the year 2005, and 40 days in the year 2003.

Study results demonstrated that the number of
days from sowing to French bean pod harvest in the
phase of technological maturity varied from 62 to
80 days, depending on the sowing date and study
year (Tab. 2). Delaying the French bean sowing
date resulted in the slight shortening of the plant
vegetation period. However, larger differences
in the length of French bean plant vegetation
period resulted from different arrangement of
meteorological factors in the study years (Tab. 3).

In the year 2004, when mean air temperature
in the period from the second ten days of May to
the second days of July was lower, as compared to
the mean of 1951-2000, the French bean vegetation
period was the longest and equalled 76-80 days,
depending on the sowing date (Tabs 2 and 3).
However, in the year 2003, with higher daily mean
air temperature, as compared to the mean of 1951
-2000 in May (by 3.2°C), June (by 0.9°C) and July
(by 1.9°C), the plant vegetation period was the
shortest and equalled 62-69 days, depending on the
sowing date. The vegetation course of French bean
plants in the study years was differentiated and

depended upon environmental conditions. French
bean plants revealed the highest variability as to the
starting date of blooming, length of blooming phase
and the length of the period from the beginning of
pod setting to the harvest, which was presented in a
study by Labuda and Brodaczewska (2007 b), on the
biology of flowering of plants from the examined
sowing dates. The researchers’ studies reveal that
the beginning of French bean plant flowering from
the first two growing terms in 2004 fell after 42-43
days after emergence, and much faster in the year
2003, i.e. after 30-32 days after emergence.

The total pod yield and marketable yield of
French beans, with the application of a one-time
pod harvest, was significantly variable depending
on the sowing date, study year and cultivar features
(Tabs 4 and 5). On the basis of the results from
three study years, the highest total pod yield and
marketable French bean pod yield under field
growing conditions was obtained from the sowing
date that had fallen on the first ten days of June,
which was 15.45 and 11.06 t ha’!, respectively,
whereas the lowest total mean pod yield and
marketable yield was obtained from the first sowing
date, which fell upon the middle of May and was
12.54 and 9.54 t ha'!, respectively. A similar and
insignificantly different pod yield was obtained
from the last sowing date at the end of June. On
average from the three years of the study, six
growing terms and four cultivars, the total pod
yield and French bean marketable pod yield with
the application of a one-time harvest was 14.14 and

Table 3. Mean air temperature and total rainfall in 2003-2005 (experimental field Felin-Lublin)

Air temperature (C)

Sum of rainfall (mm)

Month Ten-day periods
2003 2004 2005 1951-2000 2003 2004 2005 1951-2000

| 16.5 13.6 10.8 11.6 8.9 10.1 32.8 16.6
May 11 14.3 10.8 10.5 13.6 40.6 11.3 65.0 18.3
I 17.8 11.4 18.0 13.7 21.9 16.6 0.2 235
I 19.1 15.7 134 16.0 2.6 3.7 47.1 20.8
June I 17.0 15.8 17.2 16.3 15.3 259 7.4 21.2
11 16.1 16.1 17.4 17.1 21.7 20.3 1.4 23.8
1 17.5 17.1 18.9 17.4 24.9 4.7 0.0 23.5
July I 19.4 17.3 19.9 18.2 43.7 27.5 22.4 25.7
11 22.4 20.0 20.4 18.0 29.5 58.3 87.4 29.0
I 20.1 19.0 16.5 18.5 0.7 14.7 103.9 23.8
August 11 19.2 19.2 16.4 17.4 6.7 9.1 32 27.0
111 17.5 17.0 17.8 159 19.6 24.7 1.6 19.3
I 12.3 14.0 16.8 14.8 2.7 1.2 0.0 19.1
September I 13.9 14.3 14.4 12.6 14.1 0.4 8.9 18.3
111 14.2 10.4 13.5 11.1 12.2 12.6 9.1 14.8
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10.46 t ha', respectively. Significant differences
occurred in the French bean yield quantity in
particular study years. In 2004, when the longest
plant vegetation period was reported, the highest
French bean pod yield was obtained in all of the
growing terms. On average it amounted to 18.21
t ha! (total pod yield), whereas the marketable pod
yield was 12.46 t ha''. At the same time, the share of
marketable pod yield in the total yield was low and
amounted only to 68.4% in 2004. In the weather
course conditions of 2004, when an uneven pace of

growth and pod formation was observed, the highest
share of non-marketable pods in the total yield
was demonstrated (on average 31.6%), which was
mainly constituted by unshapely and overripe pods.
However, in the years 2003 and 2005, the share of
marketable pod yield in the total yield was higher
and amounted to 79.4 and 76.7%, respectively. The
share of marketable French bean pod yield in the
total yield slightly varied, depending on the sowing
term, and it ranged from 72 to 76% on average
from the years and cultivars (Fig. 1). The lowest

Sowing term

May (middle)

May/June
5%

May (3" ten days)
S 3%

8%

June (1% ten days)
4%

June (middle)
4%

8%

June (3" ten days)
10% 3%

Ml Marketable yield
[] Small pods

B Unshapely pods
Overripe pods

Pods with disease symptoms

Figure 1. Share of marketable yield and non-marketable yield fraction in the total yield, determined by the French bean

sowing term (mean from cultivars and years)
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share of marketable yield in the total yield (72%)
was obtained in the French bean yield from May/
June sowing and from the first ten days of June. At
the same time we demonstrated that of the total pod
yield from these growing terms, the highest was the
share of small, undersized pods (7%). In addition,
we found that the undersized pods constituted 52
-53% of the total number of non-marketable pods
on a plant (Fig. 2).

On the basis of comparing the yielding of four
French bean cultivars — ‘Paulista’, ‘Hit’, ‘Korona’
and ‘Galopka’ — from six growing terms, with
the application of a one-time pod harvest, it can
be concluded that a satisfactory mean marketable
pod yield from the three years of the study was
obtained from sowing in the period from the third
ten days of May to the middle of June (Tab. 5).
Study results (Labuda and Brodaczewska 2008)
demonstrated that the quality of marketable
French bean pods obtained from all six sowing
dates was also satisfactory. However, the French
bean pods obtained from plants sown in June and
whose maturity was in August and the beginning
of September had the highest content of both dry
matter and total chlorophyll.

In studies with sweet corn, the application of
a few growing terms (from 20 April to 15 June), in
order to prolong the harvest period, demonstrated
that the highest corn cob yields of best quality were
obtained from sowing in the period from 20 April to
4 May. It was demonstrated that the weather course
in these years affected the yield and qualitative
features of cobs from different sowing terms
to the greatest extent. Delaying the sweet corn
sowing term caused a gradual shortening of the
vegetation period in warm and moderately dry, or
dry years, whereas in lower temperature conditions
and precipitation in the phase of generative
development, a prolongation of the plant vegetation
period was observed (Waligora and Kruczek 2003).
In the studies described in this article, the French
bean vegetation period (of the latest sowing term
at the end of June) was shortened in 2003 to 62
days during growing conditions with a higher air
temperature than the average air temperature in
this region, whereas it was prolonged to 76 days in
the year 2005, when water deficiency in the period
from mid-June to mid-July distinctly limited the
plant growth pace (Tabs 2 and 3).

Sowing term

May (middle)
7% 9%

49%

June (1% ten days)

IR, 527

BB Small pods

[-] Unshapely pods

B Overripe pods

] Pods with disease symptoms

May (3" ten days)

June (middle)

May/June
14%

Figure 2. Structure of non-marketable pod number on a French bean plant, determined by sowing term (mean from

cultivars and years)
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French bean is a plant characterised by a yielding
variability in particular years, due to a differentiated
course of atmospheric conditions; this mainly
concerns total precipitation and rainfall distribution,
as well as air temperature. The plants demonstrated
the highest sensitivity to water deficiency in July, so
irrigation is justifiable in this period (Rolbiecki and
Rzekanowski 1996, Rolbiecki et al. 2003).

The studies contained in this paper demonstrated
that the total French bean pod yield varied from
5.41 tha' in the ‘Galopka’ yellow pod cultivar from
mid-May sowing in the year 2003 to 24.97 t ha! in
the ‘Korona’ yellow pod cultivar, sown in the third
ten days of May 2004 (Tab. 4).

The obtained results confirm the reports of
other researchers on the high variability of yield-
creating features, including the number of pods set
on a plant, the environmental factors and cultivar
features (Beaver et al. 1994, Mouhouche et al. 1998,
Ferreira et al. 2000, Saglam et al. 2000, S¢kara and
Poniedziatek 2001).

Studies conducted in Croatia (Borosic et al.
2000) revealed that in growing French beans for
processing from sowing in the third ten days of June
and in mid-July, the prolongation of the yielding
period was extended to mid-October. Pod yield,
with the application of necessary watering (in this
growing period) was 9.5-14.0 t ha! depending on
the years, and the number of pods per plant varied
from 4.3 to 11.5 (Borosic et al. 2000).

Study results in other climatic conditions
(Bangladesh) also confirmed the significant effect
of the bean growing term upon the morphological
and reproductive features of plants, as well as on
yield quantity (Begum et al. 2003). The researchers’
study results show that higher bean seed and pod
yields were obtained from a January sowing,
compared to the February growing term. Labuda
and Brodaczewska (2007 b) demonstrated that in
French bean grown from different sowing dates,
the total pod number per plant was between 19.8 it.
(from mid-May sowing) and 26.7 it. (from late May
and early June sowing).

CONCLUSIONS

1. The application of several French bean sowing
dates, from the middle of May to the end of June
in one-week intervals, significantly affected
the quantity and structure of pod yield and the
yielding period. The highest total and marketable
pod yield, 15.45 and 11.06 t ha'!, respectively,
was obtained from plants sown in the first ten

days of June, whereas the lowest, 12.54 and
9.54 t ha'!, respectively, was from those sown in
the middle of May.

2. As a result of performing a one-time French
bean pod harvest, the share of non-marketable
pod yield in the total yield was on a similar
level (24-28%), depending on the growing
term. Variability was demonstrated in the share
of particular non-marketable yield fractions,
depending on the sowing date. The highest share
(9-10%) in total pod yield, obtained from the
terms in the middle and third ten days of May,
was constituted by unshapely pods, whereas
small, undersized pods were obtained (7%)
from the sowing in May/June and the first week
of June, and overripe pods (10%) from the end
of June sowing.

3. Growing four French bean -cultivars from
sowing in the period from the middle of May
to the end of June allowed for an extension in
the period of fresh pod harvest to six or seven
weeks. French bean pod harvest started in the
third ten days of July and lasted until the first ten
days of September.
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TERMIN SIEWU JAKO CZYNNIK
KSZTALTUJACY PLONOWANIE FASOLI
SZPARAGOWE] DO PRZETWORSTWA

Streszczenie: Badania polowe przeprowadzono w
latach2003-2005 w Gospodarstwie Doswiadczalnym
UP w Lublinie. Fasole czterech szparagowych
odmian: ‘Paulista’ 1 ‘Hit’ (zielonostrakowe),
‘Korona’ i ‘Galopka’ (zottostrakowe) uprawiano na
glebie ptowej wytworzonej z utwordéw lessowatych
na marglach kredowych, zwierajacej S$rednio
1,4% substancji organicznej. Nasiona wysiewano
w sze$ciu terminach w okresie od potowy maja co
6-7 dni do konca czerwca. Zbior fasoli szparagowej
przeprowadzano jednorazowo, gdy okoto 75%
strakow na roslinie bylo w fazie dojrzalosci
technologicznej, co przypadato od trzeciej dekady
lipca do pierwszej dekady wrzesnia. Okreslono
z poletka i z roéliny liczbe i plon strakow:
ogotem, handlowy i nichandlowy — straki mate
niewyksztatcone, nieksztattne, przejrzale 1 z
objawami chorobowymi. Najwigkszy plon strakow
ogotem i handlowy — $rednio odpowiednio 15,45
i 11,06 t ha! uzyskano z ro$lin pochodzacych
z siewu w pierwszej dekadzie czerwca, natomiast
najmniejszy — 12,54 19,54 t ha! z siewu w potowie
maja. W wyniku przeprowadzenia jednorazowego
zbioru strakow fasoli szparagowej udziat plonu
niechandlowego strakow w plonie ogdtem byl na
zblizonym poziomie (24-28%) w zalezno$ci od
terminu uprawy. Wykazano zmienno$¢ udziatu
poszczegdlnych frakcji plonu niehandlowego
(straki niewyksztatcone, nieksztattne, przejrzate i z
objawami chorobowymi) w zalezno$ci od terminu
siewu. Uprawa czterech odmian fasoli szparagowej
z siewu w okresie od polowy maja do konca czerwca
pozwolita na wydtuzenie okresu zbioréw §wiezych
strakoéw do sze$ciu, siedmiu tygodni.
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