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the importance of the vegetative cycle in the prediction of bankruptcy of agricultural firms, analysing the financial 
ratios proposed by the classical models of Altman (1983), Ohlson (1980) and Zmijewski (1984). We consider a total 
of 2 228 Portuguese firms, with 83 failing between 2015 and 2019. The findings confirm that the differences between 
healthy and bankrupt firms depend on  their vegetative cycle. Although predictors based on  liquidity are helpful 
only in predicting the bankruptcy of non-perennial crop firms, activity predictors are better in identifying healthy 
perennial crop firms. In addition, we show substantial statistical differences in terms of liquidity and profitability, but 
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of more accurate bankruptcy prediction models.
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eration crop and climate models, suggest significant 
effects on  the production of  different crops, with 
24% decreases in  corn, but 17% increases in  wheat 
(Jägermeyr et al. 2021). Although farmers recognize 
the negative effect of  these climate changes on  the 
productivity of  some crops, the predictions are that 
if they cannot adapt to land use, there will be substan-
tial losses in various economic outcomes (Burke and 
Emerik 2016).

However, the need for agriculture to adapt to a sus-
tainable development model and thus avoid global 
biodiversity loss is  very much on  the political agenda, 
particularly in  the European Union (EU). Citizens are 
pressing for the Common Agricultural Policy to  focus 

In an  agricultural project, different investment needs 
and risks depend on the longevity of the crops. The veg-
etative cycle is related to the risk of exposure to natural 
phenomena, specific cultivation practices, and threats 
transversal to  other activity sectors. Alone or  together, 
they can affect the survivability of the business.

Agricultural activity is  going through challenging 
times. Even though Malthusian predictions have been 
belied by  agricultural productivity increases, food 
shortages remain a severe threat because of the fini-
tude of available arable land (Lanz et al. 2017). Also, 
climate change is now dominating the concerns and 
agendas of  world leaders. Results from one study 
of  the effects of  the climate crisis, using latest-gen-
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more on  sustainable production methods. The  Euro-
pean Commission established a European Green Deal, 
with a target of at least 25% of the EU's agricultural land 
under organic farming (European Commission 2021).

Agriculture is an activity of diversified practices with 
different investment needs depending on  the crops. 
Agricultural firms rely on  indebtedness to  acquire 
land, machinery, and technology or manage working 
capital needs. Some of them, in this modernisation ef-
fort, succumb and go bankrupt. Also, for world gov-
ernments to  define better policies, particularly how 
support to  the agricultural sector should be  struc-
tured, it  is necessary to deepen the knowledge of  its 
characteristics.

It is  essential to  understand that certain decisions 
related to the vegetative cycle of crops may be associ-
ated with some financial fragility. Some farmers prefer 
annual crops because they generate income in  their 
first year, whereas non-perennial crops may require 
several years before the first harvest. Farmers making 
these choices demonstrate different risk behaviours 
(Özerol and Bressers 2017).

Identifying bankruptcy predictors is essential for credi-
tors to categorise borrowers' risk of default. Agricultural 
firms also depend on their vegetative cycle, which affects 
the investment cycle and, thus, their capital requirements. 
For example, the investment needed to plant a vineyard 
is significant, and the first harvest is obtained only years 
later. The same goes for a producer of olives or oranges. 
These perennial crops are characterised by a vegetative 
cycle that does not necessarily end with the death of the 
plant as  soon as  crops are harvested. Firms dedicated 
to these crops typically have high planting costs and low-
er maintenance investments in subsequent years.

Conversely, farmers who grow wheat, rice, or vege-
tables need to renew their investment at the end of the 
season. Therefore, these non-perennial crops require 
a  shorter asset turnover than do perennial crops. 
We illustrate the vegetative cycle of crops in Figure 1.

Dorohan-Pysarenko et  al. (2021) state that a long 
production cycle of  some agricultural products can 
be a  severe threat, as  it makes the firm unable to  re-
act quickly to changes in market conditions. Supposing 
there is  a  considerable time gap between investment 
and its associated return, inflationary conditions 
or rising interest rates can cause a firm to go bankrupt. 
Despite this possibility, most agricultural credit score 
models tend not to differentiate firms according to their 
growing cycle and understand them as having similar 
financial structures in terms of liquidity, solvency, lev-
erage, activity, and profitability. Here, we show that this 

can be dangerous, as the values of classical bankruptcy 
predictors vary with the vegetative cycle.

In this article, we analyse the financial variables tra-
ditionally used to  predict corporate bankruptcy. Be-
sides looking into the difference between healthy and 
bankrupt firms, we  focus on  how different these vari-
ables are according to their vegetative cycle. Concretely, 
for Portuguese agricultural firms, we  distinguish be-
tween firms dedicated to growing non-perennial crops 
and firms dedicated to growing perennial crops. We use 
the European Community statistical classification of the 
Nomenclature of Economic Activities NACE (Nomen-
clature statistique des activités économiques dans la 
Communauté européenne) Rev. 2 (European Commis-
sion 2008), according to the vegetative cycle of crops.

Literature review. Because of its unique character-
istics, agriculture has been widely studied in the credit 
risk literature. Focussed on understanding the predic-
tors of  the financial health of  agricultural firms, re-
searchers have been looking for more specific variables 
linked to the rural world.

Krause and Williams (1971) studied the behavioural 
personality of  farmers. Limsombunchai et  al. (2005) 
estimated a  credit risk model for farm lending intro-
ducing dummy variables distinguishing regions as well 
as the farm type (horticulture, orchard/vegetable, live-
stock/aquaculture and others). Rusiana et  al. (2017) 
looked into how experience, age of farmers, and farm 
size relate to  firms' financial strength. In  another ap-
proach, Dinterman et al. (2018) concluded that some 
macroeconomic factors are strong predictors of  farm 

Figure 1. Vegetative cycle of crops

Source: Own elaboration
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bankruptcies. Investigators of  some studies, such 
as  Hardy and Weed (1980) and Zech and Pederson 
(2002), looked into both qualitative and quantitative 
variables but concluded that only the quantitative vari-
ables tended to be statistically significant. More recent-
ly, and aware of the influence of climate on agricultural 
productivity and consequently on  the likely financial 
strength of  agricultural firms, Römer and Mußhoff 
(2018) introduced a  climate variable in  a  credit scor-
ing model for the first time. Their main conclusion was 
that the variable did not improve the model's accuracy. 
However, it  remains to  be  seen whether the conclu-
sions would not have been different if this climate vari-
able had been affected by  the type of agriculture and 
the vegetative cycle.

Through time, however, investigators of  most stud-
ies still focussed mainly on quantitative variables and, 
among them, on financial ratios. See, for instance, John-
son and Hagan (1973), Whittington (1980), Barry and 
Ellinger (1989), Laitinen (1993), De Jager and Swanep-
oel (1994), Lukason (2014), Klepáč and Hampel (2017), 
Valaskova et al. (2020), and Chen et al. (2021). 'Financial 
ratios provide important information about a firm's past 
performance, predicting a  firm's future performance 
prospects, assessing management's decision-mak-
ing, risk assessment, and are a  critical tool employed 
in  lending agreements to  control a  firm's activities' 
(Faello, 2015). Among particularly well-known studies 
in this category, Altman (1968) and Altman (1983) used 
multivariate discriminant analysis and considered both 
listed and non-listed firms, respectively; Ohlson (1980) 
used the logistic scoring model; Zmijewski (1984) used 
a probit model.

The literature on credit risk in the agricultural sector 
deserves a  deeper understanding of  the unique char-
acteristics of  its bankruptcy predictors. In  particular, 
we aim to understand better how the vegetative cycle 
of plantations is a factor to be considered in determin-
ing the survival of the non-listed agricultural business. 
Our analysis is based on a Portuguese data set. To our 
knowledge, it is also the first study on Portuguese agri-
cultural bankruptcy predictors.

We test the following hypotheses:
H1: The distribution of financial ratios between bank-

rupt and healthy firms is the same.
H2: In  the subsample of  non-perennial crop firms, 

the distribution of  financial ratios between bankrupt 
and healthy firms is the same.

H3: In  the subsample of  perennial crop firms, the 
distribution of financial ratios between bankrupt and 
healthy firms is the same.

H4: The distribution of financial ratios between non-
perennial and perennial crop firms is the same.

H5: In the subsample of healthy firms, the distribu-
tion of financial ratios between non-perennial and per-
ennial crop firms is the same.

H6: In  the subsample of  bankrupt firms, the distri-
bution of  financial ratios between non-perennial and 
perennial crop firms is the same.

We consider the predictors used in  the key refer-
ences of  Altman (1983), Ohlson (1980) and Zmijew-
ski (1984) and categorise the financial ratios used into 
five groups: i) liquidity ratios show the ability of firms 
to use short-term assets to pay their short-term obliga-
tions, ii) solvency ratios refer to a firm's ability to hon-
our long-term obligations and continue operating 
in  the future, iii) leverage ratios measure debt levels, 
iv) activity ratios measure how well a firm can turn its 
resources into sales, and v) profitability ratios measure 
the ability to generate gains through efficient resource 
management.

MATERIAL AND METHODS

Data sources. In this study, we focussed on financial 
predictors for Portuguese agricultural firms. We con-
sidered a  firm bankrupt if one of  three occurrences 
happened:  i) bankruptcy at  the firm's request, with 
a court decision, ii) bankruptcy at the lender's request, 
with a court decision, and iii) bankruptcy at the firm's 
request or the lender's request but without a court de-
cision. The  electronic supplementary material (ESM) 
provides Table S1 with the distribution of firms accord-
ing to  the type of bankruptcy (for ESM, see the elec-
tronic version).

The data source is the Amadeus database, provided 
by  Bureau van Dijk (2021). To  identify which firms 
were bankrupt from 2015 to 2019, we consulted Iber-
inform (a  subsidiary of  Crédito y  Caución, a  leading 
global credit insurance operator). 

We considered as  healthy all Portuguese agricultural 
firms with complete financial sheets and income 
statements from 2014 to  2018. We  excluded firms that 
did not comply with their reporting obligations during 
that period. We  selected the last financial statements 
available before the bankruptcy for bankrupt firms and 
the 2018 financial statements for healthy firms. Of  the 
total of 2 228 firms, 83 were considered bankrupt. Also, 
1 039 were classified as growing non-perennial crops and 
1 189 were classified as growing perennial crops, accord-
ing to the statistical classification of economic activities 
in the European Community (NACE Rev. 2). Table 1 pre-

https://www.agriculturejournals.cz/web/agricecon.htm?type=easForDoiArticle&id=206_2022-AGRICECON
https://www.agriculturejournals.cz/web/agricecon.htm?type=easForDoiArticle&id=206_2022-AGRICECON
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sents the the firms' distributions according to these clas-
sifications.

In terms of bankruptcy predictors, we analysed the 
ratios proposed by Altman (1983), Ohlson (1980) and 
Zmijewski (1984) listed in Table 2.

For descriptive statistics, see Table  S2 in  the ESM 
(for ESM, see the electronic version).

Methodology. The  emphasis of  the analysis is  not 
on obtaining a bankruptcy estimation model. Empiri-
cally the tests were performed to  analyse the differ-
ences between financial ratios according to  financial 
health (bankrupt versus non-bankrupt firms) and the 
vegetative cycle (non-perennial crop versus peren-
nial crop firms). Our main goal was to test differences 
in bankruptcy predictors.

From a  statistical point of  view, removing outli-
ers is  an  acceptable practice. 'The inclusion of  a  few 
outliers could result in the sample's mean and variance 
and regression's variable coefficients being significantly 
different from the results that are truly representative 
of the data set' (Faello, 2015). However, that is not the 
case for bankruptcy studies. Hossari et al. (2007) ana-
lysed 46 different studies on bankruptcy prediction and 
found that the outliers were not removed in 39 (85%). 
In  this study, we  also chose to  maintain outliers. Fi-
nancial ratios tend to present skewed distributions, al-
though some have a shape similar to that of the normal 
distribution. Figure S1 in the ESM, showing distribu-
tion charts, and Table S3 in the ESM, showing standard 
Kolmogorov-Smirnov test results confirming our ex-
pectations about the non-normality of ratios are avail-
able in the ESM (for ESM, see the electronic version).

To compare financial ratios across subsamples and giv-
en the descriptive analysis described, we opted to perform 
a non-parametric test proposed by Mann and Whitney 
(1947). The Mann-Whitney U test can be considered the 
non-parametric version of the parametric t-test and tests 
the null hypothesis that a randomly selected value from 
one sample is likely to be significantly greater or less than 

Table 2. Investigated predictors

Ratios Description Altman (1983) Ohlson (1980) Zmijewski (1984)
Liquidity
WCTA working capital : total assets x x –
LIQ current assets : current liabilities – – x
CLCA current liabilities : current assets – x –
FUTL funds provided by operations : total liabilities – x –
Solvency
RETA retained earnings : total assets x – –
BVEBVL book value of equity : book value of total liabilities x – –
Leverage
TLTA (FINL) total liabilities : total assets – x x
OENEG 1 if total liabilities exceed total assets, 0 otherwise – x –
Activity
STA sales : total assets x – –
Profitability
EBITTA EBIT : total assets x – –
ROA (NITA) net income : total assets – x x
INTWO 1 if net income negative last two years, 0 otherwise – x –
CHIN (NIt – NIt – 1) : (|NIt| + |NIt – 1|) – x –
Dimension
SIZE log(total assets : GNP price-level index) – x –

GNP – gross national product; NI – net income; EBIT – earnings before interest and taxes
Source: Own elaboration

Table 1. Distribution of samples

Classification Healthy Bankrupt Total
Non-perennial crop firms 985 54 1 039
Perennial crop firms 1 160 29 1 189

Total 2 145 83 2 228

Source: Own elaboration

https://www.agriculturejournals.cz/web/agricecon.htm?type=easForDoiArticle&id=206_2022-AGRICECON
https://www.agriculturejournals.cz/web/agricecon.htm?type=easForDoiArticle&id=206_2022-AGRICECON


449

Agricultural Economics – Czech, 68, 2022 (12): 445–454	 Original Paper

https://doi.org/10.17221/206/2022-AGRICECON

a randomly selected value from a second sample. For this 
purpose, the samples must be independent, which is the 
case. The U statistic is defined as follows:

+
= + −

+
= + −

1 1
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2 2
1 2 2
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where: n1 – the number of observations available from 
the first population; n2 –  the number of observations 
from the second; R1 and R2 – the sum of the ranks of the 
observations from the first and second populations, 
respectively.

For variables OENEG (1 if total liabilities exceed total 
assets) and INTWO (1 if net income negative last two 
years), which assume a binomial distribution, we per-
formed a χ2 test, defined as follows:
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where: k – the number of classes; Oi – observed frequen-
cies; Ei –  expected frequencies; i –  the total number 
of independent observations.

RESULTS AND DISCUSSION

One factor that assumes importance in interpreting 
the results is that the financial ratios are not evenly dis-
tributed around the mean. Thus, except for the OENEG 
and CHIN [(NIt – NIt – 1) : (|NIt| + |NIt – 1|)] variables, 
we performed non-parametric tests to compare medi-
ans of subsamples.

Tables  3 and 4 summarise the Mann-Whitney U  and 
χ2 tests test results for the comparison of healthy and bank-
rupt firms.

Tables 5 and 6 summarise the Mann-Whitney U test 
and χ2 test results for the vegetative cycle, considering 
whether the firms were bankrupt or healthy.

Table 7 summarises the results of the Mann-Whitney 
U and χ2 tests in terms of significance. The left-hand side 
shows differences in predictors of healthy and bankrupt 
firms (in the full sample and for the different vegetative 
cycles). The  right-hand side shows differences in  pre-
dictors according to firms' vegetative cycle (in the full 
sample, just healthy or bankrupt firms).

The results imply that we reject the null hypotheses 
(H1, H2 and H3) for almost all financial ratios. Except for 
STA (sales : total assets), SIZE [log(total assets  : GNP 
price-level index)] and CHIN, most financial ratios 
were statistically different when in  the comparison 

Table 3. Mann-Whitney U test according to the financial health

Ratios

Full sample (H1) Non-perennial crop firms (H2) Perennial crop firms (H3)

Mann-
Whitney U  z-score P-value 

(2-tailed)
Mann-

Whitney U z-score P-value 
(2-tailed)

Mann-
Whitney U  z-score P-value 

(2-tailed)

WCTA 63 158 –4.497 0.000*** 17 320 –4.320 0.000*** 13 269 –1.944 0.052
LIQ 58 875 –5.087 0.000*** 16 647 –4.633 0.000*** 12 027 –2.348 0.019**
CLCA 63 165 –4.496 0.000*** 16 647 –4.633 0.000*** 14 347 –1.354 0.176
FUTL 29 142 –7.855 0.000*** 7 516 –6.995 0.000*** 6 707 –3.816 0.000***
RETA 48 072 –7.120 0.000*** 11 860 –6.863 0.000*** 11 812 –2.742 0.006***
BVEBVL 47 973 –7.137 0.000*** 12 839 –6.407 0.000*** 10 876 –3.254 0.001***
TLTA 47 973 –7.137 0.000*** 12 839 –6.407 0.000*** 10 876 –3.254 0.001***
STA 63 692 –0.984 0.325 19 124 –0.575 0.565 10 089 –2.004 0.045**
EBITTA 41 283 –7.609 0.000*** 11 179 –6.690 0.000*** 8 885 –3.848 0.000***
ROA 38 793 –8.056 0.000*** 10 513 –7.009 0.000*** 8 497 –4.068 0.000***
CHIN 58 888 –1.541 0.123 15 977 –1.786 0.074* 12 580 –0.470 0.639
SIZE 84 605 –0.767 0.443 24 004 –1.207 0.228 16 141 –0.372 0.710

***, ** and * significance levels at 0.01, 0.05 and 0.10, respectively; WCTA – working capital : total assets; LIQ – current 
assets : current liabilities; CLCA – current liabilities : current assets; FUTL – funds provided by operations : total liabili-
ties; RETA – retained earnings : total assets; BVEBVL – book value of equity : book value of total liabilities; TLTA – total 
liabilities : total assets; STA – sales : total assets; EBITTA – EBIT : total assets; EBIT – earnings before interest and taxes; 
ROA – net income : total assets; CHIN – (NIt – NIt – 1) : (|NIt| + |NIt – 1|); SIZE – log(total assets : GNP price-level index); 
GNP – gross national product
Source: Own elaboration
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Table 4. χ2 tests according to the financial health

Ratios

Full sample (H1) Non-perennial crop firms (H2) Perennial crop firms (H3)

N χ2 df P-value 
(2-tailed) N χ2 df P-value 

(2-tailed) N χ2 df P-value 
(2-tailed)

OENEG 2 228 71.218 1 0.000*** 1 039 68.867 1 0.000*** 1 189 8.245 1 0.004***
INTWO 2 208 47.325 1 0.000*** 1 025 41.267 1 0.000*** 1 183 8.944 1 0.003***

*** significance level at 0.01; N – sample size; OENEG – 1 if total liabilities exceed total assets, 0 otherwise; INTWO – 1 if net 
income negative last two years
Source: Own elaboration

Table 6. χ2 tests according to the vegetative cycle of crops

Ratios
Full sample (H4) Healthy firms (H5) Bankrupt firms (H6)

N χ2 df P-value 
(2-tailed) N χ2 df P-value 

(2-tailed) N χ2 df P-value 
(2-tailed)

OENEG 2 228 0.204 1 0.652 2 145 0.476 1 0.490 83 3.309 1 0.069*
INTWO 2 208 0.040 1 0.841 2 145 0.746 1 0.380 63 1.046 1 0.306

* significance level at 0.10; N – sample size; OENEG – 1 if total liabilities exceed total assets, 0 otherwise; INTWO – 1 if net 
income negative last two years
Source: Own elaboration

Table 5. Mann-Whitney U test according to the vegetative cycle of crops

Ratios
Full sample (H4) Healthy firms (H5) Bankrupt firms (H6)

Mann-
Whitney U  z-score P-value 

(2-tailed)
Mann-

Whitney U z-score P-value 
(2-tailed)

Mann-
Whitney U  z-score P-value 

(2-tailed)
WCTA 574 771 –2.833 0.005*** 522 908 –3.385 0.001*** 700 –0.793 0.428
LIQ 599 414 –1.173 0.241 561 321 –0.698 0.485 738 –0.176 0.860
CLCA 598 375 –1.275 0.202 561 321 –0.698 0.485 684 –0.946 0.344
FUTL 583 475 –1.570 0.116 539 029 –2.258 0.024** 363 –1.399 0.162
RETA 605 595 –0.798 0.425 547 516 –1.664 0.096* 5 930 –1.815 0.070*
BVEBVL 602 509 –1.002 0.316 567 645 –0.256 0.798 595 –1.796 0.073*
TLTA 602 509 –1.002 0.316 567 645 –0.256 0.798 595 –1.796 0.073*
STA 426 066 –12.094 0.000*** 400 070 –11.979 0.000*** 317 –2.162 0.031**
EBITTA 586 971 –1.848 0.065* 534 390 –2.582 0.010*** 625 –0.667 0.505
ROA 599 079 –1.046 0.296 545 489 –1.806 0.071* 618 –0.740 0.459
CHIN 579 544 –1.755 0.079* 543 722 –1.933 0.053* 431 –0.256 0.798
SIZE 617 149 –0.035 0.972 568 579 –0.190 0.849 699 –0.802 0.422

***, ** and * significance levels at 0.01, 0.05 and 0.10, respectively; WCTA – working capital : total assets; LIQ – current 
assets : current liabilities; CLCA – current liabilities : current assets; FUTL – funds provided by operations : total liabili-
ties; RETA – retained earnings : total assets; BVEBVL – book value of equity : book value of total liabilities; TLTA– total 
liabilities : total assets; STA – sales : total assets; EBITTA – EBIT : total assets; EBIT – earnings before interest and taxes; 
ROA – net income : total assets; CHIN – (NIt – NIt – 1) : (|NIt| + |NIt – 1|); SIZE – log(total assets : GNP price-level index); 
GNP – gross national product
Source: Own elaboration

of  healthy and bankrupt firms. The  results obtained 
support the thesis that the bankruptcy predictors used 
by Altman (1983), Ohlson (1980) and Zmijewski (1984) 
usefully discriminate between bankrupt and non-bank-
rupt agricultural firms. The  importance of  financial 

ratios on the basis of  liquidity, solvency, and leverage 
in differentiating between healthy and bankrupt firms 
was confirmed. Only the CHIN ratio does not reject the 
null hypothesis in profitability ratios. This ratio analy-
ses the change in  earnings in  two consecutive years, 



451

Agricultural Economics – Czech, 68, 2022 (12): 445–454	 Original Paper

https://doi.org/10.17221/206/2022-AGRICECON

Table 7. Results summary table

Ratios
According to financial health According to vegetative cycle

full sample non-perennial 
crop firms

perennial 
crop firms full sample healthy firms bankrupt firms

Liquidity
WCTA *** *** – *** *** –
LIQ *** *** ** – – –
CLCA *** *** – – – –
FUTL *** *** *** – ** –
Solvency
RETA *** *** *** – * *
BVEBVL *** *** *** – – *
Leverage
TLTA *** *** *** – – *
OENEG *** *** *** – – *
Activity
STA – – ** *** *** **
Profitability
EBITTA *** *** *** * ** –
ROA *** *** *** – * –
INTWO *** *** *** – – –
CHIN – * – * *** –
Dimension
SIZE – – – – – –

***, ** and * significance levels at 0.01, 0.05 and 0.10, respectively; WCTA – working capital : total assets; LIQ – cur-
rent assets : current liabilities; CLCA – current liabilities : current assets; FUTL – funds provided by operations : total 
liabilities; RETA – retained earnings : total assets; BVEBVL – book value of equity : book value of total liabilities; 
TLTA – total liabilities : total assets; OENEG – 1 if total liabilities exceed total assets, 0 otherwise; STA – sales : total assets; 
EBITTA – EBIT : total assets; EBIT – earnings before interest and taxes; ROA – net income : total assets; INTWO – 1 if net 
income negative last two years; CHIN – (NIt – NIt – 1) : (|NIt| + |NIt – 1|); SIZE – log(total assets : GNP price-level index); 
GNP – gross national product
Source: Own elaboration

so  a  firm in  financial difficulties would be  expected 
to show a more significant negative change than would 
a  healthy firm. We  also noticed that the differences 
in the SIZE ratio between bankrupt and healthy firms 
was not statistically significant, regardless of  wheth-
er they were perennial or  non-perennial crop firms. 
In addition, the WCTA (working capital : total assets) 
and CLCA (current liabilities : current assets) financial 
ratios showed statistically significant differences at 1% 
in  non-perennial crop firms. However, they did not 
show differences in the group of perennial crop firms. 
The  CLCA ratio was strongly associated with liquid-
ity, so  it was a  strong candidate for predicting bank-
ruptcies for agricultural activities dedicated to  crops 
with a shorter vegetative cycle. However, the STA ratio 
was statistically different at  a  significance level of  5% 

according to  financial health in  perennial crop firms, 
but it  did not show any difference in  non-perennial 
crop firms. In other words, the STA ratio did not seem 
to  predict failure if agricultural firms were engaged 
in short-cycle plantations.

When we  subdivided according to vegetative cycle 
(hypotheses H4, H5 and H6), the STA ratio, which 
measures the relationship between sales and total as-
sets, presented solid statistical evidence (at 1% signifi-
cance) depending on the vegetative cycle. This finding 
is  understandable, given the greater expression that 
this ratio assumed in firms engaged in non-perenni-
al crops compared with those engaged in  perennial 
crops. In  other words, the transformation of  assets 
into sales was higher in  plantations with a  shorter 
vegetative cycle. Interestingly, some financial ra-
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tios showed statistically significant differences when 
firms were healthy. However, they lost some signifi-
cance when firms were bankrupt. This is the case the 
WCTA, FUTL (funds provided by operations : total li-
abilities), STA, EBITTA [earnings before interest and 
taxes (EBIT) : total assets], ROA (net income : total 
assets) and CHIN. We can infer that only when firms 
are in regular operation, without difficulties that affect 
their survival, can they show different financial struc-
tures according to  the vegetative cycle of  the planta-
tions. The WCTA ratio, which in the group of healthy 
firms presented solid statistical evidence of the differ-
ences between firms with different vegetative cycles, 
lost all significance in the bankrupt ones. We can in-
fer that when a firm is bankrupt, the vegetative cycle 
does not affect the short-term cash balance measured 
by this ratio that measures short-term financial health. 
This is  an  interesting finding, mainly because work-
ing capital measures a firm's ability to meet its current 
liability commitments by  using current assets. Fur-
thermore, EBITTA, which was strongly differentiated 
between the vegetative cycles of healthy firms, lost this 
differentiation in the bankrupt firms. This finding sug-
gests that, for agricultural firms without financial dif-
ficulties, there are differences in this profitability ratio 
depending on  the vegetative cycle, but that it  shows 
no difference if the firms are bankrupt.

We found some similarities with other studies con-
cerning the characterisation of plantations, but never 
specifically to the vegetative cycle. This similarity is the 
case of the study by Hardy and Weed (1980), who cov-
ered plantations and livestock, as well as Limsombun-
chai et al. (2005), who considered not only vegetables 
but even aquaculture.

Structural, climatic and biophysical characteristics 
can be  decisive in  bankruptcy prediction. Exposure 
to uncertainty varies depending on the lifespan of the 
plantations. For  example, the probability of  a  vine-
yard being affected by a climatic phenomenon during 
its long life is  different from that of  a  rice plantation 
that lasts only one year. Also, the charges are differ-
ent depending on the crop cycle. Thus, we must assess 
whether a model for predicting bankruptcy should not 
consider these differences, knowing that some finan-
cial ratios are also different.

Our findings suggest that the vegetative cycle can af-
fect the differentiation between healthy and bankrupt 
firms, which motivates several reflections. Vegetative 
cycle considerations are pretty much absent from pre-
vious studies on bankruptcy in the agricultural sector. 
The analysis we presented here exposes that as a limita-

tion. Indeed, model accuracy can be improved by con-
sidering different vegetative cycles. In terms of future 
studies, contextualised with the threat of  climate 
change and its influence on  farmers' preferences for 
different vegetative cycles of  crops, it  is  essential 
to create credit risk models sensitive to cycles. Finally, 
although not always transversal between economic 
blocks or countries, the structures for classifying eco-
nomic activities should allow for the identification 
of the vegetative cycle.

Agricultural firms, the healthy ones more than the 
bankrupt ones, presented statistically different ratios 
between vegetative states, mainly in terms of liquidity 
and profitability. These findings, extrapolated to other 
areas of economic study, open a great potential for new 
findings unrelated to bankruptcy prediction.

CONCLUSION

In this article, we  empirically examined a  large 
sample of  firms in  the Portuguese agricultural sec-
tor. We compared various financial ratios used in the 
original studies by Altman (1983), Ohlson (1980), and 
Zmijewski (1984) by  doing a  cross-analysis accord-
ing to the financial health of firms and the vegetative 
cycle of plantations.

Our results identify how useful the classical predic-
tors are for differentiating the financial health of  ag-
ricultural firms dedicating themselves to  crops with 
different vegetative cycles. Some ratios revealed the 
ability to  differentiate between two categories (per-
ennial crop and non-perennial crop firms). However, 
others revealed this ability in  only one of  the groups 
studied. Our findings indicate that the financial predic-
tors of bankruptcy generally differed between groups 
of firms according to their category (liquidity, solvency, 
leverage, profitability, and dimension). In liquidity ra-
tios, there was a  lack of  statistical evidence in  differ-
entiating healthy firms from bankrupt ones when they 
were dedicated to  plantations with a  vegetative cycle 
renewed annually (non-perennial crop firms). Howev-
er, the activity ratio was different only in perennial crop 
firms. In the second group of findings, we obtained sta-
tistical evidence that some liquidity and profitability 
ratios were different in  differentiating the vegetative 
cycles only when firms were healthy. In  none of  the 
tests performed did the size of the firms show any sta-
tistical ability to  differentiate the financial condition 
of the firms.

Implications for theory, practice and policy 
makers. Stakeholders must understand agriculture 
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as  an  activity full of  specifics that react differently 
to  exogenous factors. Economic policies also have 
a  significant effect on  farm profitability. Farmers, 
when faced with difficulties, adapt quickly to  differ-
entiated agronomic practices. However, the results 
depend on investment cycles, and the uncertainty in-
creases the longer the vegetative cycle. In the future, 
the effect of  climate change on  farmers' investment 
decisions can be  significant, including from a  credit 
risk perspective. For economic survival, farmers can 
opt for crops with more resilient vegetative cycles. 
Understanding how the predictors of  financial dis-
tress are revealed among different cycles is an essen-
tial tool for those who support agricultural activity, 
whether financial institutions, suppliers or  policy-
makers, regardless of  whether they are in  economic 
blocks, as is the case of the EU.

Limitations. Some limitations should be considered 
when interpreting these results. The  first limitation 
is  that the variables studied are not necessarily those 
that could be the most significant in a statistical estima-
tion context. We simply took the predictors from the 
previous literature. Another limitation is the fact that 
we  focussed on  Portugal alone. The  national context 
and the potential mismatch of  transnational realities 
owing to  the heterogeneity of  the agricultural sector 
require care when extrapolating to other situations.

In this article, we discussed the relevance of consid-
ering the vegetative cycle when predicting bankruptcy. 
Future bankruptcy models also may include this as-
pect. Furhermore, it would make sense to extend the 
empirical analysis to  a  transnational context. Finally, 
this analysis also opens the door to  the possibility 
of considering the relevance of different crops and not 
just their vegetative cycle type.

REFERENCES

Altman E. (1968): Financial ratios, discriminant analysis 
and the prediction of corporate bankruptcy. The Journal 
of Finance, 23: 589–609.

Altman E. (1983): Corporate Financial Distress: A Complete 
Guide to  Predicting, Avoiding, and Dealing with Bank-
ruptcy. New York, US, John Wiley & Sons: 368.

Barry P.J., Ellinger P.N. (1989): Credit scoring, loan pricing, 
and farm business performance. Western Journal of Agri-
cultural Economics, 14: 45–55.

Bureau van Dijk (2021): Amadeus – A database of comparable 
financial information for public and private companies 
across Europe. Available at https://www.bvdinfo.com (ac-
cessed Oct 22, 2021).

Burke M., Emerick K. (2016): Adaptation to climate change: 
Evidence from US agriculture. American Economic Jour-
nal: Economic Policy, 8: 106–140.

Chen J., Katchova A.L., Zhou C. (2021): Agricultural loan 
delinquency prediction using machine learning methods. 
International Food and Agribusiness Management Review, 
24: 797–812.

De  Jager F., Swanepoel V. (1994): Factors associated with 
farm financial failure in  the northern springbok flats. 
Agrekon, 33: 242–247.

Dinterman R., Katchova A.L., Harris J.M. (2018): Financial 
stress and farm bankruptcies in US agriculture. Agricul-
tural Finance Review, 78 : 441–456.

Dorohan-Pysarenko L., Rębilas R., Yehirova O., Yasnolob I., 
Kononenko Z. (2021): Methodological peculiarities 
of probability estimation of bankruptcy of agrarian enter-
prises in Ukraine. Agricultural and Resource Economics: 
International Scientific E-Journal, 7: 20–39.

European Commission (2008): NACE Rev.  2 statistical 
classification of  economic activities in  the European 
community. Available at  https://ec.europa.eu/eurostat/
documents/3859598/5902521/KS-RA-07-015-EN.PDF 
(accessed July 15, 2022).

European Commission (2021): On  an action plan for the 
development of  organic production (Communication 
from the Commission to  the European Parliament, the 
Council,  the European Economic and Social Committee 
and the Committee of  the Regions COM 141 final/2). 
[Dataset]. Available at  https://eur-lex.europa.eu/legal-
content/EN/ALL/?uri=CELEX%3A52021DC0141 (ac-
cessed Sept 10, 2022).

Faello J. (2015): Understanding the limitations of financial 
ratios. Academy of  Accounting and Financial Studies 
Journal, 19: 75.

Hardy W.E., Weed J.B. (1980): Objective evaluation for 
agricultural lending. Journal of Agricultural and Applied 
Economics, 12 : 159–164.

Hossari G., Rahman S.F., Ratnatunga J. (2007): An empirical 
evaluation of sampling controversies n ratio-based model-
ling of corporate collapse.The Journal of Applied Research 
in Accounting and Finance (JARAF), 2: 15–26.

Jägermeyr J., Müller C., Ruane A.C., Elliott J., Balkovic J., 
Castillo O., Faye B., Franke J.A. et al. (2021): Climate im-
pacts on global agriculture emerge earlier in new genera-
tion of climate and crop models. Nature Food, 2: 873–885.

Johnson R.B., Hagan A.R. (1973): Agricultural loan evalu-
ation with discriminant analysis. Journal of Agricultural 
and Applied Economics, 5: 57–62.

Klepáč V., Hampel D. (2017): Predicting financial distress 
of agriculture companies in EU. Agricultural Economics 
– Czech, 63: 347–355.



454

Original Paper	 Agricultural Economics – Czech, 68, 2022 (12): 445–454

https://doi.org/10.17221/206/2022-AGRICECON

Krause K.R., Williams P.L. (1971): Personality characteristics 
and successful use of  credit by  farm families. American 
Journal of Agricultural Economics, 53: 619–624.

Laitinen E.K. (1993): Financial predictors for different phases 
of the failure process. Omega, 21: 215–228.

Lanz B., Dietz S., Swanson T. (2017): Global population 
growth, technology, and Malthusian constraints: A quan-
titative growth theoretic perspective. International Eco-
nomic Review, 58: 973–1006.

Limsombunchai V., Gan C., Lee M. (2005): An  analysis 
of credit scoring for agricultural loans in Thailand. Ameri-
can Journal of Applied Sciences, 2: 1198–1205.

Lukason O. (2014): Why and how agricultural firms fail: 
evidence from Estonia. Bulgarian Journal of Agricultural 
Science, 20: 5–11.

Mann H.B., Whitney D.R. (1947): On a test of whether one 
of two random variables is stochastically larger than the 
other. The Annals of Mathematical Statistics, 18: 50–60.

Ohlson J.A. (1980): Financial ratios and the probabilistic 
prediction of bankruptcy. Journal of Accounting Research, 
18: 109–131.

Özerol G., Bressers H. (2017): How do farmers align with 
the agri-environmental changes in  irrigated agriculture? 

A case study from the Harran Plain, Turkey. Irrigation and 
Drainage, 66: 45–59.

Römer U., Mußhoff O. (2018): Can agricultural credit scor-
ing for microfinance institutions be  implemented and 
improved by weather data? Agricultural Finance Review, 
78: 83–97.

Rusiana H., Brewer B., Escalante C. (2017): Effects of busi-
ness maturity, experience, and size on  farms economic 
vitality: A credit migration analysis of farm service agency 
borrowers. Agricultural Finance Review, 77: 153–163.

Valaskova K., Durana P., Adamko P., Jaros J. (2020): Financial 
compass for Slovak enterprises: Modeling economic stabil-
ity of agricultural entities. Journal of Risk and Financial 
Management, 13: 92.

Whittington G. (1980): Some basic properties of account-
ing ratios. Journal of  Business Finance & Accounting, 
7: 219–232.

Zech L., Pederson G. (2002): Predictors of farm performance 
and repayment ability as factors for use in risk-rating mod-
els. Agricultural Finance Review, 63: 41–54.

Zmijewski M.E. (1984): Methodological issues related to the 
estimation of financial distress prediction models. Journal 
of Accounting Research, 22: 59–82.

Received: July 11, 2022
Accepted: November 9, 2022

Published online: December 12, 2022


