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Sample size for morphological traits of pigeonpea

Tamanho de amostra para caracteres morfológicos de feijão guandu
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Abstract

The objectives of this study were to determine the sample size (i.e., number of plants) required to 
accurately estimate the average of morphological traits of pigeonpea (Cajanus cajan L.) and to 
check for variability in sample size between evaluation periods and seasons. Two uniformity trials 
(i.e., experiments without treatment) were conducted for two growing seasons. In the first season 
(2011/2012), the seeds were sown by broadcast seeding, and in the second season (2012/2013), the 
seeds were sown in rows spaced 0.50 m apart. The ground area in each experiment was 1,848 m2, 
and 360 plants were marked in the central area, in a 2 m × 2 m grid. Three morphological traits (e.g., 
number of nodes, plant height and stem diameter) were evaluated 13 times during the first season and 22 
times in the second season. Measurements for all three morphological traits were normally distributed 
and confirmed through the Kolmogorov-Smirnov test. Randomness was confirmed using the Run Test, 
and the descriptive statistics were calculated. For each trait, the sample size (n) was calculated for 
the semiamplitudes of the confidence interval (i.e., estimation error) equal to 2, 4, 6, ..., 20% of the 
estimated mean with a confidence coefficient (1-α) of 95%. Subsequently, n was fixed at 360 plants, and 
the estimation error of the estimated percentage of the average for each trait was calculated. Variability 
of the sample size for the pigeonpea culture was observed between the morphological traits evaluated, 
among the evaluation periods and between seasons. Therefore, to assess with an accuracy of 6% of 
the estimated average, at least 136 plants must be evaluated throughout the pigeonpea crop cycle to 
determine the sample size for the traits (e.g., number of nodes, plant height and stem diameter) in the 
different evaluation periods and between seasons.
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Resumo

Os objetivos deste estudo foram determinar o tamanho de amostra (número de plantas) para estimação 
da média de caracteres morfológicos de feijão guandu (Cajanus cajan L.) e verificar se há variabilidade 
do tamanho de amostra entre as épocas de avaliação e entre os anos agrícolas. Foram conduzidos dois 
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ensaios de uniformidade (experimentos sem tratamentos), em dois anos agrícolas. No primeiro ano 
agrícola (2011/2012), a semeadura foi realizada a lanço e no segundo ano agrícola (2012/2013), a 
semeadura foi realizada em linhas espaçadas a 0,50 m. A área útil, em cada um dos experimentos 
foi de 1.848 m2, e foram demarcadas 360 plantas, na área central, em um gride de 2 m × 2 m. Foram 
avaliados três caracteres morfológicos (número de nós, altura de planta e diâmetro de caule) em 13 
épocas no primeiro ano agrícola e em 22 épocas no segundo ano agrícola. Em todos os caracteres foi 
verificada a normalidade, por meio do teste de Kolmogorov-Smirnov e a aleatoriedade pelo Run Test e 
calculadas as estatísticas descritivas. Para cada caractere, foi calculado o tamanho de amostra (n), para 
as semiamplitudes do intervalo de confiança (erros de estimação) iguais a 2, 4, 6, ..., 20% da estimativa 
da média, com coeficiente de confiança (1-α) de 95%. Posteriormente, fixou-se n em 360 plantas e foi 
calculado o erro de estimação em percentagem da estimativa da média para cada um dos caracteres. Há 
variabilidade do tamanho de amostra para a cultura de feijão guandu entre os caracteres morfológicos 
avaliados, entre as épocas de avaliação e entre os anos agrícolas. Sendo que para avaliar com uma 
precisão de 6% da estimativa da média, 136 plantas avaliadas ao longo do ciclo da cultura de feijão 
guandu são necessárias para determinar o tamanho de amostra para os caracteres, número de nós, altura 
de planta e diâmetro de caule nas diferentes épocas de avaliação e entre os anos agrícolas.
Palavras-chave: Cajanus cajan L., dimensionamento amostral, precisão experimental

Introduction

Pigeonpea (Cajanus cajan L.) belongs to the 
family Fabaceae and is generally considered to be 
a self-pollinating plant with a low rate of cross-
pollination (WUTKE, 1986). The genus most closely 
related to Cajanus is Alylosia. Pigeonpea occurs 
in semi-arid areas due to certain morphological 
traits, such as its aggressive root system. One of its 
main uses is in animal feed, primarily in the form 
of either, hay, silage, and chopped greens; as dry 
grounds in the form of bran; through grazing; or as 
a protein bank or intercropped with grasses (NENE; 
SHEILA, 1990; VAN DER MAESEN, 1990).

To properly evaluate pigeonpea plants it is 
necessary to calculate the ideal sample size, so that 
the number of plants evaluated is representative 
of all plants in the population and expresses the 
lowest possible error regarding the traits inherent 
to the population. In crop research, it is common 
to measure several traits in many individual plants. 
The evaluation of these traits in all individuals is 
limited by labor, time, precision of the assessments 
being made and a comprehensive routine (BUSSAB; 
MORETTIN, 2011). Thus, the evaluation of a 
sample plants is used to obtain estimates that are 
representative of the population and to minimize 
the factors limiting the evaluation of the entire plant 

population (STEEL et al., 1997). The determination 
of sample size depends mainly on the homogeneity 
of the sample observations and on the desired level 
of precision (CAMPOS, 1985).

The ideal sample size has been determined to 
estimate the mean of morphological traits in crops, 
such as soybean (CARGNELUTTI FILHO et al., 
2009), castor bean (CARGNELUTTI FILHO et al., 
2010), other bean crops (CARGNELUTTI FILHO 
et al., 2008) and turnip (CARGNELUTTI FILHO et 
al., 2014). However, similar studies for pigeonpea 
have not been conducted.

The objectives of this study were to determine 
the sample size (i.e., number of plants) to estimate 
the average of morphological traits in pigeonpea and 
to determine variability in the sample size between 
the evaluation periods and seasons.

Material and Methods

Two uniformity trials (also called blank 
experiments or experiments without treatment) 
were conducted using the pigeonpea, cultivar 
BRS Mandarin. This pigeonpea variety may have 
a yearly, or, more commonly, semi-perennial 
cycle, usually growing up to 1-2 m or even up to 
4 m tall in multiannual management systems. In 
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the uniformity trials, all procedures (e.g., seeding, 
fertilization, cultivation, harvesting and evaluations) 
were conducted in identical fashion throughout the 
experimental area. The first uniformity trial was 
conducted during the 2011/2012 season, and the 
second uniformity trial during the 2012/2013 season. 
Both trials were conducted in the experimental area 
of the Department of Plant Science at the Federal 
University of Santa Maria, Rio Grande do Sul 
(29°42′S, 53°49′W, and 95 m altitude ). The climate 
here is characterized as humid subtropical (CFa 
type), according to the Köppen classification. The 
soil is a transition between the São Pedro Mapping 
Unit (red dystrophic sandy acrisol) and the Santa 
Maria Mapping Unit (typical argillic, hypochromic 
alisol) (STRECK et al., 2008).

Pigeonpea seeds were sown during the first 
season (2011/2012) by broadcast seeding at a 
density of 20 seeds m-2, in an area of 28 m × 66 m 
(1,848 m2) on 01/26/2012. The plants were fertilized 
at 800 kg ha-1 with NPK fertilizer (05-20-20). 
Emergence of the plants took place on 01/31/2012. 
Wooden stakes were used to form a grid of 2 m × 
2 m, consisting of 30 rows and 12 columns, with 
the stakes spaced at 2 m in the rows and columns. 
A single plant closest to each wooden stake was 

marked, totaling 360 labeled plants. At 42 days 
after sowing (DAS) the first morphological traits 
were evaluated. The number of nodes on the main 
stem was counted and plant height was measured 
using a ruler. Stem diameter was measured using an 
analog caliper (in mm) on the main stem, 5 cm from 
the ground. During the first season, 13 evaluations 
were conducted during the crop cycle, the last of 
which was performed at 125 DAS when the plants 
were flowering.

Pigeonpea seeds were sown during the second 
season (2012/2013) in rows, at 0.50 m spacing, at a 
density of 20 seeds m-2, and an area of 28 m × 66 m 
(1,848 m2) on 11/20/2012. The plants were fertilized 
at 800 kg ha-1 with NPK (05-20-20). Morphological 
trait evaluations during the second season started 
at 16 DAS and the last one was conducted at 162 
DAS when the plants were flowering. The same 
traits were evaluated and the same methods were 
used as during the first season. During both seasons, 
the minimum and maximum daily air temperatures 
(°C) and precipitation (mm), was collected at the 
automatic experimental station of the Federal 
University of Santa Maria, located 30 m away from 
the experimental site. The mean daily temperature 
was calculated (Figures 1 and 2).

Figure 1. Minimum, maximum and mean daily air temperatures (°C) and precipitation (mm), corresponding to the 
first season (2011/2012) of experiment with pigeonpea (Cajanus cajan L.).

Data from automatic experimental station of the Federal University of Santa Maria (Source: INMET Network Data).
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Figure 2. Minimum, maximum and mean daily air temperatures (°C) and precipitation (mm), corresponding to the 
second season (2012/2013) of experiment with pigeonpea (Cajanus cajan L.).

Data from automatic experimental station of the Federal University of Santa Maria (Source: INMET Network Data).

For all the morphological traits evaluated, 
normality and randomness/independence of the data 
were verified by Kolmogorov-Smirnov and the Run 
Test (CAMPOS, 1983), respectively. The experiment 
consisted of 30 rows and 12 columns, and the Run Test 
was carried out starting at row 1, column 1; proceeding 
to row 1, column 12; and returning to row 2, column 
12; proceeding to row 2, column 1; and restarting at 
row 3, column 1; proceeding to row 3, column 12; and 
so on, until the test concluded at row 30, column 1.

For each morphological trait, the minimum, 
maximum, mean, median, standard deviation, 
standard error of the mean, coefficient of variation, 
skewness and kurtosis were determined. The sample 
size (n) was calculated for the semiamplitudes of 
the confidence interval (i.e., estimation errors) equal 
to 2, 4, 6, ..., 20% of the mean estimate (i.e., error 
× mean), with a confidence coefficient (i.e., 1-α) of 

95%, based on the equation 2

2
á/2

error) estimation(
st

n =  

5% error probability], and s2 is the variance.

By using the sample size equation, n was 
fixed at 360 plants, and the estimation error was 
calculated as a percentage of the mean estimate 
(m) for each of the traits based on the equation

mn
st

100error estimation á/2= , where s is the 

estimated standard deviation. Statistical analyses 
were carried out by using Excel® (Microsoft Office).

Results and Discussion

The number of nodes in the plants marked during 
the first season ranged from 4 to 68 nodes per plant 
on the main stem and the variance ranged from 6.85 
to 45.50. During the second season, the number of 
nodes per plant displayed further extreme variation, 
ranging from a minimum of 1 to a maximum of 84 
nodes per plant on the main stem, with variance 
ranging from 0.27 to 58.75. The mean number of 
nodes per plant in the first season ranged from 13.21 
to 48.87, while in the second season the mean ranged 
from 1.47 to 61.78 nodes per plant. The mean and 
median numbers of nodes per plant were similar in 
both seasons (Table 1).

(BARBETTA et al., 2004; SPIEGEL et al., 2004; 
BUSSAB; MORETTIN, 2011), where tα/2 is the 
critical value of Student’s t distribution in which the 
right area is equal to α/2 [i.e., the value of t wherein 
P (t > tα/2) = α/2 with (n-1) degrees of freedom at α = 

α

α
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Table 1. Minimum (min), maximum (max), mean, median, standard deviation (SD), standard error of the mean (SE), 
coefficient of variation (CV), variance (VAR), skewness (SK), and kurtosis (K), p-value the normality Kolmogorov-
Smirnov test (KS) and p-value the randomness the Run Test, the number of nodes per plant, in 360 plants of pigeonpea 
(Cajanus cajan L.), evaluated in the seasons 2011/2012 and 2012/2013.

DAS(1) min max mean median SD SE CV (%) VAR SK K+3 KS(2) Run(3)

Season 2011/2012
42 4 22 13.21 13.00 3.12 0.16 23.63 9.74 0.18 2.96 2.03* 0.00
48 9 23 16.00 16.00 2.62 0.14 16.36 6.85 0.06 2.81 1.78* 0.41
55 12 31 20.64 20.00 3.56 0.19 17.22 12.64 0.22 2.46 1.79* 0.00
62 15 36 24.85 25.00 4.11 0.22 16.56 16.93 0.12 2.61 1.23ns 0.16
69 15 44 27.99 28.00 4.39 0.23 15.67 19.25 0.07 3.16 1.10ns 0.05
76 16 44 30.48 30.00 4.53 0.24 14.86 20.50 -0.12 3.00 1.16ns 0.01
83 16 48 33.24 33.00 4.89 0.26 14.71 23.92 -0.23 3.19 1.18ns 0.02
90 22 52 36.05 36.00 5.11 0.27 14.17 26.11 -0.15 3.11 1.08ns 0.18
98 22 56 37.18 37.00 5.10 0.27 13.72 26.04 -0.05 3.35 1.07ns 0.22
104 24 58 39.98 40.00 5.60 0.30 14.02 31.41 -0.10 3.16 1.24ns 0.11
111 24 59 41.76 42.00 5.76 0.30 13.80 33.21 -0.17 3.23 1.21ns 0.07
119 26 62 45.65 46.00 6.36 0.34 13.94 40.46 -0.21 3.06 0.91ns 0.00
125 28 68 48.87 49.00 6.75 0.36 13.80 45.50 -0.30 3.31 1.34ns 0.41

Season 2012/2013
16 1 4 1.47 1.00 0.52 0.03 35.49 0.27 0.48 2.61 6.73* 0.00
23 2 9 3.45 3.00 0.67 0.04 19.42 0.45 1.53 15.06 5.57* 0.51
30 3 11 5.72 6.00 1.09 0.06 19.11 1.19 0.18 3.64 3.34* 0.00
37 5 13 9.18 9.00 1.64 0.09 17.88 2.69 -0.14 2.39 2.75* 0.00
44 5 17 11.37 12.00 2.29 0.12 20.14 5.24 -0.21 2.30 2.42* 0.00
51 6 20 14.11 15.00 2.91 0.15 20.61 8.46 -0.37 2.31 2.74* 0.00
58 7 25 16.65 17.00 3.64 0.19 21.88 13.27 -0.34 2.48 2.20* 0.00
65 8 29 19.71 20.00 4.42 0.23 22.41 19.51 -0.33 2.29 2.07* 0.00
72 11 33 22.44 23.00 4.92 0.26 21.93 24.22 -0.23 2.22 1.50* 0.00
79 14 39 26.92 28.00 5.51 0.29 20.47 30.38 -0.26 2.28 1.62* 0.00
86 15 46 31.00 31.00 5.94 0.31 19.15 35.25 -0.35 2.65 1.52* 0.00
93 17 48 35.38 36.00 6.54 0.34 18.49 42.82 -0.44 2.62 1.42* 0.00
100 17 53 38.59 39.00 6.78 0.36 17.58 46.02 -0.53 2.81 1.69* 0.00
107 20 55 41.21 41.50 6.96 0.37 16.89 48.43 -0.39 2.67 1.29ns 0.00
114 20 64 45.79 47.00 7.36 0.39 16.07 54.15 -0.37 2.78 1.28ns 0.00
120 23 64 48.44 49.00 7.16 0.38 14.79 51.31 -0.41 2.91 1.19ns 0.00
128 23 67 50.31 51.00 7.26 0.38 14.42 52.65 -0.38 2.97 0.93ns 0.00
135 23 69 53.29 54.00 7.53 0.40 14.12 56.65 -0.45 3.19 1.22ns 0.00
141 32 73 55.83 56.00 7.54 0.40 13.50 56.80 -0.39 2.93 1.57* 0.04
148 33 77 57.24 58.00 7.54 0.40 13.17 56.87 -0.36 2.94 1.43* 0.21
156 33 79 59.07 60.00 7.66 0.40 12.98 58.75 -0.38 2.95 1.09ns 0.11
162 38 84 61.78 62.00 7.61 0.40 12.31 57.85 -0.25 2.68 1.21ns 0.33

(1) Days after sowing. (2) * Significant at 5% level of probability (not normally distributed). ns Not significant (normally distributed). 

(3) p-value ≤ 0.05, significant at 5% level of probability (series of not randomized data).
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In general, asymmetry values close to 0 and 
kurtosis values close to 3 suggested that the data was 
normally distributed, which was proven through the 
Kolmogorov-Smirnov test (Table 1). Although the 
data was not normally distributed in 51% of cases 
(18 out of 35 cases), it can be considered as being 
close to normally distributed due the large number 
of plants evaluated (FONSECA; MARTINS, 1995; 
BUSSAB; MORENTTIN, 2011). Therefore, in 
relation to normality, our sample size study data 
provides reliable data based on the Student’s t 
distribution. Thirty-two per cent of the cases (11 of 
35 cases) showed a random distribution.

The coefficient of variation (CV) values during 
the first season for the number of nodes per plant 
ranged from 13.80% at the end of the cultivation 
cycle to 23.63% at the beginning of the cultivation 
cycle. The second season’s CV values were similar, 
but more variable than the first season, ranging from 
12.31 to 35.49%, with higher values observed at the 
beginning of the cycle. These results suggest that 
in the initial stage of cultivation in both seasons, 
a larger sample size was necessary to estimate the 
average number of nodes per plant. The CV values 
were similar to those found for other morphological 
traits, such as plant height, stem diameter and the 
number of stems per plant of pigeonpea in different 
population arrangements (MAIOR JÚNIOR et al., 
2009).

Plant height measurements during the first 
season ranged between 21 and 241 cm, and the 
variance ranged from 178.18 to 495.04 cm2 (Table 
2). These values were similar to those observed in 
turnip (CARGNELUTTI FILHO et al., 2014). Plant 
height measurements during the second season 
fluctuated from a minimum of 2 to a maximum 
of 327 cm, and the variance ranged from 3.19 to 
1,731.10 cm2. The average plant height during the 
first season ranged from 50.41 to 192.02 cm, and 
the average during the second season was between 
5.75 and 253.48 cm (Table 2). Similar plant height 
values have been reported for dwarf pigeonpea 
(FARIAS et al., 2013).

In general, the plant height measurements 
followed a trend throughout the growing cycle, 
which was similar to the trend noted for the 
number of nodes. Asymmetry values close to 0 and 
kurtosis values close to 3 suggest that the data is 
normally distributed, which can be observed using 
the Kolmogorov-Smirnov test (Table 2). However, 
40% of cases (14 out of 35), did not show a normal 
distribution. In the second season, no cases fit the 
normal distribution.

The plant height CV values for the first season 
ranged from 11.49% at the end of the cycle, to 
26.48% at the beginning of the cycle. During the 
second season, the data were similar to the first, 
but with higher values ranging from 16.41% to 
31.04%, where the largest variability was at the 
beginning of the crop cycle. The plant height CV 
values were similar to those of plant height at 
maturity, and the number of nodes per plant in a 
soybean culture (CARGNELUTTI FILHO et al., 
2009) and were similar to those for the plant height 
of crambe (CARGNELUTTI FILHO et al., 2011). 
These results suggest that at the beginning of the 
cycle, in both years, a larger sample size is required 
to estimate mean plant height, and in the second 
season, a larger sample size should be permitted in 
comparison to the first season.

Stem diameter values during the first season 
ranged from 5 and 30 mm, and the variance ranged 
from 3.54 to 16.18 mm2, continually increasing 
during the season (Table 3). Stem diameter values 
during the second season ranged from 2 to 34 mm, 
and the variance ranged from 0.90 to 22.69 mm2. 
The mean values of stem diameter during the first 
season ranged from 8.73 to 17.84 mm, and during the 
second season, the mean was between 3.84 and 17.13 
mm. The mean stem diameter values of both seasons 
were similar, tending to stabilize at the end of each 
season with a stem diameter close to 17 mm (Table 
3). The mean and median stem diameter values were 
very similar and normally distributed. Maior Júnior 
et al. (2009) obtained higher stem diameter values in 
pigeonpea than in the current study.
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Table 2. Minimum (min), maximum (max), mean, median, standard deviation (SD), standard error of the mean (SE), 
coefficient of variation (CV), variance (VAR), skewness (SK), and kurtosis (K), p-value the normality Kolmogorov-
Smirnov test (KS) and p-value the randomness the Run Test, the plant height in cm, in 360 plants of pigeonpea 
(Cajanus cajan L.), evaluated in the seasons 2011/2012 and 2012/2013.

DAS(1) min max mean median SD SE CV (%) VAR SK K+3 KS(2) Run(3)

Season 2011/2012
42 21 85 50.41 50.05 13.35 0.70 26.48 178.18 0.27 2.50 1.08ns 0.00
48 34 111 69.17 69.05 14.72 0.78 21.28 216.74 0.04 2.56 0.69ns 0.25
55 47 132 88.98 87.85 16.29 0.86 18.30 265.22 -0.01 2.54 0.69ns 0.17
62 56 155 101.98 101.15 17.26 0.91 16.93 297.98 -0.06 2.58 0.89ns 0.07
69 70 160 115.72 115.50 17.47 0.92 15.09 305.05 -0.16 2.59 1.13ns 0.07
76 75 175 128.28 127.70 18.46 0.97 14.39 340.68 -0.11 2.64 0.81ns 0.00
83 87 185 139.30 140.55 18.36 0.97 13.18 337.26 -0.17 2.81 0.63ns 0.04
90 95 197 148.07 148.55 19.23 1.01 12.98 369.65 -0.15 2.75 0.55ns 0.34
98 101 199 152.97 153.00 19.09 1.01 12.48 364.47 -0.20 2.77 0.52ns 0.25
104 103 210 164.13 165.50 20.21 1.07 12.31 408.49 -0.31 2.88 0.73ns 0.46
111 108 218 171.49 172.80 21.02 1.11 12.26 441.77 -0.38 2.97 0.73ns 0.46
119 112 229 182.39 184.45 21.43 1.13 11.75 459.21 -0.59 3.25 1.02ns 0.92
125 118 241 192.02 192.75 22.25 1.17 11.59 495.04 -0.53 3.20 0.86ns 0.46

Season 2012/2013
16 2 11 5.75 5.80 1.79 0.09 31.04 3.19 0.04 2.40 1.00ns 0.00
23 3 19 11.33 11.20 2.91 0.15 25.74 8.50 -0.06 2.55 1.04ns 0.05
30 9 34 19.84 19.80 4.43 0.23 22.31 19.59 0.05 2.59 0.66ns 0.00
37 13 50 31.26 31.65 7.86 0.41 25.15 61.79 -0.01 2.18 1.02ns 0.00
44 15 70 40.11 40.50 10.76 0.57 26.83 115.80 -0.02 2.32 0.87ns 0.00
51 20 88 50.42 51.50 14.88 0.78 29.50 221.28 -0.05 2.13 1.22ns 0.00
58 20 107 61.81 63.35 20.22 1.07 32.71 408.67 -0.05 2.09 1.26ns 0.00
65 21 127 74.21 77.35 24.81 1.31 33.43 615.45 -0.13 2.04 1.23ns 0.00
72 23 153 90.25 93.90 29.04 1.53 32.18 843.39 -0.28 2.08 1.68* 0.00
79 29 165 102.66 108.00 31.88 1.68 31.05 1016.04 -0.35 2.13 1.80* 0.00
86 41 190 121.12 127.00 34.27 1.81 28.29 1174.46 -0.43 2.25 1.59* 0.00
93 51 214 143.64 147.50 35.52 1.87 24.73 1261.84 -0.47 2.40 1.74* 0.00
100 58 221 155.43 162.00 36.03 1.90 23.18 1298.47 -0.53 2.51 1.64* 0.00
107 69 235 169.66 176.50 36.53 1.93 21.53 1334.31 -0.54 2.49 1.75* 0.00
114 74 268 182.28 188.00 37.42 1.97 20.53 1400.36 -0.49 2.54 1.76* 0.00
120 76 272 189.25 195.00 38.11 2.01 20.14 1452.03 -0.53 2.60 1.76* 0.00
128 76 274 201.11 206.50 39.47 2.08 19.63 1558.25 -0.53 2.60 1.76* 0.00
135 79 300 219.36 226.00 39.91 2.10 18.20 1593.02 -0.58 2.84 1.41* 0.00
141 85 304 225.68 230.50 39.91 2.10 17.68 1592.53 -0.55 2.74 1.54* 0.00
148 95 307 233.76 240.00 40.19 2.12 17.19 1615.46 -0.53 2.66 1.66* 0.00
156 125 317 240.95 246.50 40.21 2.12 16.69 1616.55 -0.50 2.52 1.55* 0.00
162 140 327 253.48 261.50 41.61 2.19 16.41 1731.10 -0.51 2.53 1.53* 0.00

(1) Days after sowing. (2) * Significant at 5% level of probability (not normally distributed). ns Not significant (normally distributed). 

(3) p-value ≤ 0.05, significant at 5% level of probability (series of not randomized data).
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Table 3. Minimum (min), maximum (max), mean, median, standard deviation (SD), standard error of the mean (SE), 
coefficient of variation (CV), variance (VAR), skewness (SK), and kurtosis (K), p-value the normality Kolmogorov-
Smirnov test (KS) and p-value the randomness the Run Test, the stem diameter in mm, in 360 plants of pigeonpea 
(Cajanus cajan L.), evaluated in the seasons 2011/2012 and 2012/2013.

DAS(1) min max mean median SD SE CV (%) VAR SK K+3 KS(2) Run(3)

Season 2011/2012
62 5 14 8.73 9.00 1.88 0.10 21.56 3.54 0.40 2.82 2.64* 0.35
69 5 17 10.26 10.00 2.08 0.11 20.23 4.31 0.33 2.78 2.69* 0.69
76 6 18 11.53 11.00 2.29 0.12 19.85 5.24 0.32 2.63 2.51* 0.06
83 7 21 12.60 13.00 2.55 0.13 20.25 6.51 0.35 3.03 1.82* 0.15
90 8 24 14.53 14.00 3.04 0.16 20.90 9.22 0.41 2.94 1.91* 0.01
98 8 25 15.26 15.00 3.18 0.17 20.83 10.10 0.50 3.17 1.93* 0.02
104 8 27 15.87 16.00 3.33 0.18 20.98 11.09 0.47 3.08 1.96* 0.03
111 10 27 16.51 16.00 3.54 0.19 21.45 12.53 0.38 2.75 1.83* 0.01
119 10 28 16.99 17.00 3.69 0.19 21.69 13.58 0.34 2.64 1.73* 0.05
125 10 30 17.84 17.00 4.02 0.21 22.55 16.18 0.35 2.72 1.61* 0.06

Season 2012/2013
44 2 6 3.84 4.00 0.95 0.05 24.74 0.90 0.08 2.56 3.72* 0.00
51 2 8 4.89 5.00 1.20 0.06 24.43 1.43 -0.12 2.70 3.42* 0.00
58 2 9 5.48 5.00 1.38 0.07 25.21 1.90 0.07 2.54 2.70* 0.00
65 3 11 6.03 6.00 1.63 0.09 27.07 2.66 0.33 2.76 2.57* 0.00
72 3 12 7.05 7.00 1.97 0.10 27.96 3.89 0.22 2.54 2.08* 0.00
79 3 14 7.69 8.00 2.16 0.11 28.09 4.67 0.31 2.68 2.09* 0.00
86 3 16 8.28 8.00 2.41 0.13 29.13 5.81 0.29 2.60 1.96* 0.01
93 4 17 9.87 10.00 2.73 0.14 27.68 7.47 0.23 2.57 2.01* 0.01
100 4 19 10.74 11.00 2.90 0.15 26.96 8.39 0.20 2.69 1.82* 0.08
107 4 22 11.50 11.00 3.11 0.16 27.03 9.66 0.33 2.85 1.82* 0.15
114 4 22 12.48 12.00 3.39 0.18 27.18 11.51 0.31 2.72 1.73* 0.25
120 5 25 13.34 13.00 3.55 0.19 26.61 12.61 0.40 2.85 1.68* 0.57
128 5 26 14.00 13.00 3.78 0.20 26.99 14.28 0.33 2.77 2.08* 0.42
135 5 28 14.64 14.00 3.96 0.21 27.05 15.69 0.35 2.85 1.64* 0.80
141 5 31 15.35 15.00 4.19 0.22 27.32 17.59 0.36 3.04 1.55* 0.58
148 5 31 15.89 16.00 4.40 0.23 27.68 19.34 0.33 2.91 1.67* 0.34
156 6 33 16.48 16.00 4.55 0.24 27.63 20.73 0.39 3.14 1.61* 0.73
162 6 34 17.13 17.00 4.76 0.25 27.80 22.69 0.42 3.12 1.68* 0.75

(1) Days after sowing. (2) * Significant at 5% level of probability (not normally distributed). ns Not significant (normally distributed). 

(3) p-value ≤ 0.05, significant at 5% level of probability (series of not randomized data).

In general, the stem diameter asymmetry values 
were not close to 0 and kurtosis values were not 
close to 3, suggesting that the data was not normally 
distributed (Table 3). However, based on the central 
limit theorem (FONSECA; MARTINS, 1995; 
BUSSAB; MORENTTIN, 2011), the data provides 
justification for the sample size used in this study, 

due to the large number of plants sampled (360 
plants). The variability in the stem diameter CV 
values was minimal within and between seasons, 
demonstrating the homogeneity of observations. 
This CV trend was similar to that found for the 
height of insertion of the first pod in the cultivation 
of soybeans, evaluated in five experiments, with 28 
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soybean genotypes (CARGNELUTTI FILHO et al., 
2009).

The sample size used to estimate the mean 
number of nodes, with estimation error equal 4% 
of the mean estimate, ranged from 46 to 135 plants 
in the first season, and from 37 to 305 plants in the 
second season (Table 4). In a different study in a 
soybean crop, with estimation error equal 5% of 
the mean estimate, the sample size used to estimate 
the mean number of nodes ranged from 32 to 115 
(CARGNELUTTI FILHO et al., 2010). Plant 

height sample size values used to estimate the mean 
displayed a similar trend compared with the number 
of nodes, ranging from 130 to 678 plants in the first 
season, to 261 to 932 plants in the second season. 
These results prove that greater variability is present 
at the beginning of the crop cycle (Table 4). The 
variability of the estimate of the sample size for the 
traits: number of nodes on the stem, plant height and 
stem diameter, was found in three soybean cultivars 
(ESTEFANEL et al., 1984). Cargnelutti Filho et al. 
(2010) found variability in the ideal sample size for 
the number of nodes in 28 soybean genotypes.

Table 4. Sample size (i.e., number of plants) required to estimate the average the number of nodes, for estimation 
errors equal to 2, 4, 6, ..., 20% of the mean estimate, and semiamplitude of the confidence interval (Error %), based on 
360 plants of pigeonpea (Cajanus cajan L.), evaluated in the seasons 2011/2012 and 2012/2013.

Continue ...
DAS(1) 2% 4% 6% 8% 10% 12% 14% 16% 18% 20% Error %

Season 2011/2012
42 540 135 60 34 22 15 12 9 7 6 2.45
48 259 65 29 17 11 8 6 5 4 3 1.70
55 287 72 32 18 12 8 6 5 4 3 1.79
62 266 67 30 17 11 8 6 5 4 3 1.72
69 238 60 27 15 10 7 5 4 3 3 1.62
76 214 54 24 14 9 6 5 4 3 3 1.54
83 210 53 24 14 9 6 5 4 3 3 1.52
90 195 49 22 13 8 6 4 4 3 2 1.47
98 183 46 21 12 8 6 4 3 3 2 1.42
104 191 48 22 12 8 6 4 3 3 2 1.45
111 185 47 21 12 8 6 4 3 3 2 1.43
119 188 47 21 12 8 6 4 3 3 2 1.44
125 185 47 21 12 8 6 4 3 3 2 1.43

Season 2012/2013
16 1.219 305 136 77 49 34 25 20 16 13 3.68
23 365 92 41 23 15 11 8 6 5 4 2.01
30 353 89 40 23 15 10 8 6 5 4 1.98
37 310 78 35 20 13 9 7 5 4 4 1.85
44 393 99 44 25 16 11 9 7 5 4 2.09
51 411 103 46 26 17 12 9 7 6 5 2.14
58 464 116 52 29 19 13 10 8 6 5 2.27
65 486 122 54 31 20 14 10 8 6 5 2.32
72 466 117 52 30 19 13 10 8 6 5 2.27
79 406 102 46 26 17 12 9 7 6 5 2.12
86 355 89 40 23 15 10 8 6 5 4 1.98
93 331 83 37 21 14 10 7 6 5 4 1.92
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... Continuation
100 299 75 34 19 12 9 7 5 4 3 1.82
107 276 69 31 18 12 8 6 5 4 3 1.75
114 250 63 28 16 10 7 6 4 4 3 1.67
120 212 53 24 14 9 6 5 4 3 3 1.53
128 202 51 23 13 9 6 5 4 3 3 1.49
135 193 49 22 13 8 6 4 4 3 2 1.46
141 177 45 20 12 8 5 4 3 3 2 1.40
148 168 42 19 11 7 5 4 3 3 2 1.37
156 163 41 19 11 7 5 4 3 3 2 1.34
162 147 37 17 10 6 5 3 3 2 2 1.28

(1) Days after sowing.

Regarding the sample size for plant height, 
there was similarity between the two seasons when 
compared with the corresponding evaluation dates. 
During the first season, the sample size for plant 
height at 42 DAS, assuming a 6% error of the 
mean estimate, was 76 plants. In the evaluation 
of 360 plants, the experimental error was of 
2.74%. During the second season, comparing the 
assessment where the plant is at a corresponding 
growth stage, the sample size values for plant 
height at 44 DAS, assuming the same 6% mean 
error estimate, was 78 plants. This was sufficient 
to determine the ideal sample size for plant height, 

with an error 2.78%, when 360 plants are measured 
(Table 5). In tomato cultivation it was determined 
that evaluations made late in the crop cycle, during 
two growing seasons in the laboratory and field, 
required a smaller sample size for the same level 
of precision (LÚCIO et al., 2012). The variability 
in the plant height sample size occurred within and 
between seasons. Freitas et al. (2001) observed 
variability in the sample size for plant height in the 
cultivation of upland cotton, and a difference in 
sample size between experiments was observed in 
beans (CARGNELUTTI FILHO et al., 2008) and 
sweet pepper (LÚCIO et al., 2003).

Table 5. Sample size (i.e., number of plants) required to estimate the average the plant height, for estimation errors 
equal to 2, 4, 6, ..., 20% of the mean estimate, and semiamplitude of the confidence interval (Error %), based on 360 
plants of pigeonpea (Cajanus cajan L.), evaluated in the seasons 2011/2012 and 2012/2013.

Continue ...
DAS(1) 2% 4% 6% 8% 10% 12% 14% 16% 18% 20% Error %

Season 2011-2012
42 678 170 76 43 28 19 14 11 9 7 2.74
48 438 110 49 28 18 13 9 7 6 5 2.21
55 324 81 36 21 13 9 7 6 4 4 1.90
62 278 70 31 18 12 8 6 5 4 3 1.75
69 221 56 25 14 9 7 5 4 3 3 1.56
76 201 51 23 13 9 6 5 4 3 3 1.49
83 169 43 19 11 7 5 4 3 3 2 1.37
90 164 41 19 11 7 5 4 3 3 2 1.35
98 151 38 17 10 7 5 4 3 2 2 1.29
104 147 37 17 10 6 5 3 3 2 2 1.28
111 146 37 17 10 6 5 3 3 2 2 1.27
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... Continuation
119 134 34 15 9 6 4 3 3 2 2 1.22
125 130 33 15 9 6 4 3 3 2 2 1.20

Season 2012-2013
16 932 233 104 59 38 26 20 15 12 10 3.22
23 641 161 72 41 26 18 14 11 8 7 2.67
30 482 121 54 31 20 14 10 8 6 5 2.31
37 612 153 68 39 25 17 13 10 8 7 2.61
44 696 174 78 44 28 20 15 11 9 7 2.78
51 842 211 94 53 34 24 18 14 11 9 3.06
58 1.035 259 115 65 42 29 22 17 13 11 3.39
65 1.081 271 121 68 44 31 23 17 14 11 3.46
72 1.002 251 112 63 41 28 21 16 13 11 3.34
79 933 234 104 59 38 26 20 15 12 10 3.22
86 775 194 87 49 31 22 16 13 10 8 2.93
93 592 148 66 37 24 17 13 10 8 6 2.56
100 520 130 58 33 21 15 11 9 7 6 2.40
107 449 113 50 29 18 13 10 8 6 5 2.23
114 408 102 46 26 17 12 9 7 6 5 2.13
120 392 98 44 25 16 11 8 7 5 4 2.09
128 373 94 42 24 15 11 8 6 5 4 2.03
135 321 81 36 21 13 9 7 6 4 4 1.89
141 303 76 34 19 13 9 7 5 4 4 1.83
148 286 72 32 18 12 8 6 5 4 3 1.78
156 270 68 30 17 11 8 6 5 4 3 1.73
162 261 66 29 17 11 8 6 5 4 3 1.70

(1) Days after sowing.

The sample size used to estimate the mean of 
stem diameter, with estimation error equal 4% of the 
mean estimate, ranged from 96 to 123 plants in the 
first season (Table 6). The sample size values for the 
second season were higher, ranging from 145 to 206 
plants, and at the end of the crop cycle, larger sample 
sizes were needed to estimate the mean with the 
same precision and less variability, when compared 

to the other morphological traits evaluated (Table 
6). For stem diameter, the variability of the sample 
size between the two seasons required higher values 
during the second season. Therefore, larger errors 
were expected in the second season. Variability in 
stem diameter was observed between trays with 96 
Eucalyptus saligna seedlings in a nursery (ZANON 
et al., 1997).
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Table 6. Sample size (i.e., number of plants) required to estimate the average the stem diameter, for estimation errors 
equal to 2, 4, 6, ..., 20% of the mean estimate, and semiamplitude of the confidence interval (Error %), based on 360 
plants of pigeonpea (Cajanus cajan L.), evaluated in the seasons 2011/2012 and 2012/2013.

DAS(1) 2% 4% 6% 8% 10% 12% 14% 16% 18% 20% Error %
Season 2011-2012

62 450 113 50 29 18 13 10 8 6 5 2.23
69 396 99 44 25 16 11 9 7 5 4 2.10
76 382 96 43 24 16 11 8 6 5 4 2.06
83 397 100 45 25 16 12 9 7 5 4 2.10
90 423 106 47 27 17 12 9 7 6 5 2.17
98 420 105 47 27 17 12 9 7 6 5 2.16
104 426 107 48 27 18 12 9 7 6 5 2.17
111 445 112 50 28 18 13 10 7 6 5 2.22
119 455 114 51 29 19 13 10 8 6 5 2.25
125 492 123 55 31 20 14 11 8 7 5 2.34

Season 2012-2013
44 592 148 66 37 24 17 13 10 8 6 2.56
51 578 145 65 37 24 17 12 10 8 6 2.53
58 615 154 69 39 25 18 13 10 8 7 2.61
65 709 178 79 45 29 20 15 12 9 8 2.81
72 756 189 84 48 31 21 16 12 10 8 2.90
79 764 191 85 48 31 22 16 12 10 8 2.91
86 821 206 92 52 33 23 17 13 11 9 3.02
93 741 186 83 47 30 21 16 12 10 8 2.87
100 703 176 79 44 29 20 15 11 9 8 2.79
107 707 177 79 45 29 20 15 12 9 8 2.80
114 715 179 80 45 29 20 15 12 9 8 2.82
120 685 172 77 43 28 20 14 11 9 7 2.76
128 705 177 79 45 29 20 15 12 9 8 2.80
135 708 177 79 45 29 20 15 12 9 8 2.80
141 722 181 81 46 29 21 15 12 9 8 2.83
148 741 186 83 47 30 21 16 12 10 8 2.87
156 739 185 83 47 30 21 16 12 10 8 2.86
162 748 187 84 47 30 21 16 12 10 8 2.88

(1) Days after sowing.

The variability of sample size in the cultivation 
of pigeonpea was identified between the 
developmental phases of the crop (i.e., different 
times in the same crop year) for morphological 
traits. For the number of nodes and plant height, 
when assessed at the beginning of the crop cycle, 
larger sample sizes were needed due to increased 
variability in the observations. In a turnip culture, 
the sample size for productive traits was greater 

than that of morphological traits (CARGNELUTTI 
FILHO et al., 2014). Stem diameter presents 
low sample size variability, as it has greater 
homogeneity of observations throughout the 
crop cycle. The variability of the sample size is 
exemplified by corncob traits (MARTIN et al., 
2005; STORCK et al., 2007), and in sorghum crop 
traits related to the morphology of the plant (e.g., 
plant height, dry matter of shoots, panicle length 
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and dry matter of panicle) (SILVA et al., 2005).

Conclusion

There was variability in the ideal sample size in a 
pigeonpea culture depending on the morphological 
traits evaluated, evaluation period and season. To 
assess with 6% precision of the mean estimate, at 
least 136 plants must be evaluated throughout the 
pigeonpea crop cycle to determine the ideal sample 
size to accurately measure the following traits: 
number of nodes, plant height and stem diameter, 
at different evaluation periods and between seasons.
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