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ABSTRACT  6 
 7 
The temperature is one of the climatic factors of greater importance in the physiological processes of 
the plants, being directly related to its growth and development, which need a thermal accumulation to 
complete its phenological cycles. The objective of this work was to evaluate the contribution of 
temperature to cacao tree seedlings (genotype TSH1188) development, thus determining its lower 
basal (Tb) and upper (TB) temperature as well as the thermal sum in degree-day (DD) required for its 
production with quality. The study was carried out in the Horticulture sector of the Federal Institute of 
Espirito Santo - Campus Itapina, Colatina/ES, conducted under a completely randomized design in 
three planting seasons with different climatic conditions. For the estimation of Tb, four different 
estimation methods were used: standard deviation in degree-day (SDdd), standard deviation in days 
(SDd), coefficient of variation in degree-day (CVdd) and relative development (RD). The upper basal 
temperature (TB) was estimated similarly to Tb, with the exception of the RD method. The basal 
temperatures (Tb and TB) were estimated by means of the average values obtained in the methods 
used and the thermal sum, obtained in each planting season, using the mean Tb value, from the 
emergence of the seedlings, by the sum of the degree-days. The estimated values of lower and upper 
basal temperature were respectively 10°C and 37°C and the mean thermal sum for a quality cacao 
tree seedling production is 1018°C. In order to obtain a production of quality cacao tree seedlings in 
different climatic conditions, it is possible to evaluate the development of the variables height, stem 
diameter and number of leaves of the cacao tree seedlings as a function of accumulated degrees. 
The time required for the production of cacao tree seedlings varies according to the season of the 
year. Cacao tree seedlings conducted in periods with higher temperatures took less time to form with 
quality. 
 8 
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 12 
1. INTRODUCTION  13 
 14 
The genus Theobroma, belonging to the family Malvaceae, which is made up of 22 species, has the 15 
greatest economic relevance in the cacao tree (Theobroma cacao L.). From its center of origin, 16 
including the region of the Alto Amazonas and Alto Orinoco basins, the first reference of cacao tree 17 
cultivation in Brazil was in 1677. With natural habitat under the canopy of the forests, the crop is 18 
strongly influenced by climatic factors, of which stand out the temperature and the precipitation [1]. 19 
 20 
The main commercial product of cacao tree is the seed, already fermented and dried, for the 21 
production of chocolate, but also the butter and pulp, used in the manufacture of cosmetics, jellies, 22 
juice, wine, among others [2].  23 
 24 
Brazil was once one of the largest cacao producers in the world, but it showed a marked drop in 25 
production due to the appearance of the Witch's Broom disease, caused by the fungus Moniliophthora 26 
perniciosa, whose name in the old nomenclature was Crinipellis perniciosa [3]. According to IBGE 27 
data, in the 2017 harvest in a total planted area of 696,319 hectares, 214,348 tons of dried cacao 28 
seeds were produced in Brazil, of these 116,536 tons in Pará, 83,869 tons in the state of Bahia and 29 
6,700 tons in the Espirito Santo [4]. 30 
 31 
One of the cultivars resistant to the fungus Moniliophthora perniciosa is TSH1188, from the island of 32 
Trinity. It presents adaptation to regions of humid tropical climate, with self-incompatible pollination, 33 
red fruits when immature, moderately rough, with medium deep grooves, with an elongated shape, 34 
and average productivity of 1.453 kg per plant [5]. 35 



 

 36 
Plant metabolism is affected by solar radiation, the main source of energy for photosynthesis, and by 37 
temperature, which alters the speed of chemical reactions and activity of the enzymes involved in the 38 
process [6]. During the growth phase of a plant almost all of the organic compounds produced, about 39 
95% of its dry matter, comes from the fixation of atmospheric carbon through photosynthesis [7]. In 40 
photosynthesis the reduction of carbon dioxide occurs slowly in low temperatures, it gradually 41 
increases with increasing temperature, until it reaches the apex of velocity when reaching a 42 
temperature considered optimal, temperatures above this promotes a considerable reduction of 43 
carboxylation of Ribulose-1,5-Biphosphate and reduction of photosynthetic yield in favor of 44 
photorespiration [8;9]. Plants with higher optimum temperature ranges, have a higher quantum yield, 45 
by not having their physiology significantly compromised due to temperature variations [6]. 46 
  47 
Oliari et al. [6], studying the restriction of sunlight and temperature increase in the growth of radishes 48 
showed that, at higher temperatures, there was a significant increase of dry matter, considering that 49 
the higher temperature could have caused an increase in the photosynthetic activity, since the 50 
temperatures during the experiment did not exceed the optimum range considered for the crop.  51 
 52 
Within the climatic factors, the temperature has a great value in the physiological processes of the 53 
plants, being not different for the cacao tree, acting in the development cycle and harvest season, 54 
influencing the growth and the development because it is linked directly to the evapotranspiration 55 
processes and metabolic reactions [10].  56 
 57 
For the phenological development of the plants it is necessary to accumulate degree-day (°C day), 58 
also known as thermal sum, which consists of the thermal accumulation comprised between the lower 59 
basal temperature (Tb), minimum energy value that activates the metabolic mechanisms, and upper 60 
basal temperature (TB), a value that promotes stagnation of metabolic activities and impairs 61 
development. Both values (Tb and TB) are suitable for each genotype at each stage of its cycle 62 
[10;11].  63 
 64 
The determination of the duration of the phenological cycle of a plant using accumulated degree-day 65 
is important and advantageous, because it is related to the meteorological conditions and not to the 66 
chronological time (days, months) that can undergo climatic changes for a same period of time. In this 67 
way, the thermal sum can be used to optimize the management strategies, in the planning of the 68 
activities, and indication of the climatic potential of the region capable of generating the best 69 
production [10]. 70 
 71 
Very low or, on the contrary, very high temperatures, promote damages in both growth and 72 
development and production. Normally, the various studies of basal temperatures only emphasize the 73 
calculation and determination of the lower basal temperature, due to the fact that they are conducted 74 
in regions where the upper basal temperature is generally not reached, but this is contrary to the 75 
reality observed in regions of tropical climates, thus also showing its relevance [12].  76 
 77 
Due to the scarcity of studies and researches on the influence of temperature on the cacao tree crop 78 
and aiming to contribute to a better understanding of the factors involved in plant-environment 79 
interaction, the present study aimed to determine the minimum (Tb) and maximum (TB) temperature 80 
and the thermal sum in degree-days (DD) required for the production of quality seedlings of the cacao 81 
tree genotype TSH1188. 82 
 83 
2. MATERIAL AND METHODS 84 
 85 
The study was developed in the horticulture sector of the Federal Institute of Espírito Santo - Itapina 86 
Campus, located in the municipality of Colatina, Espírito Santo state (19°29' S, 40°45' W; 62 m 87 
altitude), Brazil. The climate of the region is Tropical Aw, according to the Köppen classification [13]. 88 
The region is characterized by the irregularity of the rains and the occurrence of high temperatures.  89 
 90 
The experiment was carried out with cacao tree seedlings (Theobroma cacao L.), genotype TSH1188, 91 
in three different planting seasons, according to the seasons of the year for the Southern Hemisphere. 92 
The first planting was carried out in the period from 03/16/2017 to 05/12/2017 (Autumn), the second 93 
planting from 08/01/2017 to 10/06/2017 (Winter) and the third planting from 10/20/2017 to 15/12/2017 94 
(Spring). The three plantations were carried out in an agricultural greenhouse with linear dimensions 95 



 

of 25 m x 5 m and 3 m height, with transparent plastic film and polypropylene mesh black with 50% 96 
shading. 97 
 98 
Inside the greenhouse, seedlings were kept in an individualized environment, 2.20 m long and 1.10 m 99 
wide, where six NaanDanJain® GREEN MIST brand anti-mist nebulizers were installed one meter 100 
above the seedlings and spaced between at 0.8 m, with a watering frequency controlled individually 101 
by electronic controllers and by a centrifugal pump of 0.5 hp, which operated by frequent pulses 102 
distributed for 10 h per day, at a working pressure of 2.0 kgf.cm-2, in order to apply irrigation water 103 
depth 8 mm day-1.  104 
 105 
For the production of TSH1188 cacao tree seedlings, a completely randomized experimental design 106 
(DIC) was used, consisting of 36 useful plants per treatment in the 1st planting and 20 useful plants 107 
per treatment in the 2nd and 3rd planting. The seedlings were produced in tubes with a diameter of 53 108 
mm, 190 mm in height and 280 ml of volumetric capacity. The tubes were kept in supports with 109 
capacity for 54 cells, however, they were distributed in alternating cells in the support so as not to limit 110 
the arrival of light in the seedlings, according to the growth, which could cause estiolation of the 111 
seedlings. All tubes were prewashed and sterilized with 2% sodium hypochlorite diluted in water. The 112 
tubules were filled with Tropstrato HT Vegetable substrate plus Osmocote Plus 15-9-12 (3M), at the 113 
dosage of 3 g tube-1, which had the following chemical composition: N = 15%, (7% ammoniacal and 114 
8% nitrate), P2O5 = 9%, K2O = 12%, Mg = 1.3%, S = 5.9%, Cu = 0.05%, Fe = 0.46%, Mn = 0.06% and 115 
Mo = 0.02%. No additional fertilization was done. 116 
 117 
The TSH1188 (Theobroma cacao L.) cacao tree seeds were obtained from the Experiment Station 118 
"Filogônio Peixoto" - belonging to CEPLAC, in Linhares County, Espírito Santo state, Brazil. The 119 
mature fruits were sectioned horizontally and the seeds were removed for extraction of the mucilage, 120 
which was removed by friction in sawdust powder. After extraction, the seeds were planted, one per 121 
tube, to a depth of approximately 2 cm. 122 
 123 
Variations in temperature and relative humidity within the greenhouse were monitored throughout the 124 
seedling production period by a WatchDog® Model 200 Data Logger. Externally, the climatic 125 
variations were recorded by an ONSET® weather station, installed near the experiment, and 126 
estimated the reference evapotranspiration (ETo) by the Penman-Monteith method FAO-56 standard 127 
[14], Equation 01. 128 
 129 
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where ETo is the daily reference evapotranspiration (mm.d-1); Rn is the daily radiation balance (MJ.m-130 
2.d-1); G is the daily flow of heat in the soil (MJ.m-2.d-1); T is the average daily air temperature (ºC); u2 131 
is the average daily wind velocity at 2 m in height (m.s-1); es is the saturation pressure of the daily 132 
mean water vapor (kPa); ea is the daily mean water vapor pressure (kPa); ∆ is the slope of the vapor 133 
pressure curve at the point of T (kPa.ºC-1) and γ is the psychrometric coefficient (kPa.ºC-1).  134 
 135 
Seedlings began to be evaluated when the hypocotyl emerged on the substrate in the shape of a 136 
hook (emergence finding) in more than 70% of plants, thus recording the following dates as day after 137 
emergence (DAE). The emergence of the hypocotyl from the 1st planting was recorded on 138 
03/22/2017 (six days after seeding), from the 2nd planting on 08/04/2017 (three days after seeding) and 139 
from the 3rd planting on 10/28/2017 (eight days after seeding). 140 
 141 
At the end of each planting, the seedlings were evaluated for the following morphological 142 
characteristics: a) shoot height (SH), measured in cm, using a ruler graduated in millimeters, from the 143 
stem base until the apical gem; b) stem diameter (SD), measured at 2 cm above the edge of the tube, 144 
in mm, with a digital meter of the brand Metrotools, model MPD-150; c) root length (RL), measured in 145 
cm, with ruler graduated in millimeters, from the base of the stem to the largest root length; d) fresh 146 
mass of shoot system (FMSS) and the fresh mass of the root system (FMRS), expressed in grams, 147 
determined by weighing them after cutting at the base of the stem, through an electronic scale with an 148 
accuracy of 0.001 g; e) dry mass of the shoot system (DMSS), root system (DMRS) and total dry 149 



 

mass (TDM), obtained by the sum of DMSS and DMRS expressed in grams, by weighing them in an 150 
electronic scale with 0.001 g of precision after being separately packed in paper bags and subjected 151 
to a drying process in an oven with forced air circulation at 65 ºC until constant weight; f) number of 152 
leaves (NL), determined by counting the total number of leaves per plant; g) leaf area (LA), expressed 153 
in cm2, estimated with LI-COR leaf area meter model LI-3100C. 154 
 155 
With the data obtained, the quality of the seedlings was determined by analyzing: a) the relationship 156 
between shoot height and stem diameter (RSHSD); b) relationship between dry mass of the shoot 157 
system and dry mass root system (RDMSR); c) Dickson quality index (DQI), by the formula: DQI = 158 
[TDM / (RSHSD + RDMSR)] [15]. 159 
 160 
For the estimation of the lower basal temperature (Tb) for the cacao tree seedlings, it was necessary 161 
to first calculate the degree-days (DD, ºC day), by Equation 2 [16]: 162 
 163 

��� = ��� + � � ! − �"                                                                                              (Eq. 2)   
where: DDi is the degree-day (ºC day), TM is the daily maximum air temperature (ºC), Tm is the 164 
minimum daily air temperature (ºC) and Tb is the lower basal temperature of the cultivar. For the 165 
calculation of the DD a series of Tb ranging from 5 to 15 ºC was used, in intervals of 0.5 ºC. 166 
 167 
The accumulated degree-day or thermal sum (DD, ºC) were obtained in each of the evaluated 168 
seasons, from the emergence of the seedlings, by the sum of the DDi (Equation 3): 169 �� =  # ��$                                                                                                                (Eq. 3)   
The methodologies proposed by Arnold [17] and Yang et al. [18] were used to estimate the Tb of the 170 
cacao tree seedlings through four methods: standard deviation in degree-day (SDdd), standard 171 
deviation in days (SDd), coefficient of variation in degree-day (CVdd) and relative development (RD). 172 
 173 
The SDdd method considers the Tb of each cultivar to be the one that results in the lowest standard 174 
deviation in degree-day, using different planting times, according to Equation 4 [18]: 175 
 176 
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on what SDdd = standard deviation in degree-day; DDi = degree-day accumulated in the i-th planting 177 
season using a series of Tb; ADD = average of degree-day accumulated for all i-th planting times; n = 178 
number of planting times.  179 
 180 
The method of standard deviation in days (SDd), considers that the Tb of the cultivar is the one that 181 
presents smaller standard deviation in days between the different times of planting. In this way, Tb 182 
candidates, identical to those of the previous method (SDdd), according to Equation 5 [17], were 183 
previously selected: 184 
 185 
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where: SDd = standard deviation in days; SDdd = standard deviation in degree-day using a series of 186 

Tb;  x = mean air temperature of all i seasons (ºC); Tb = lower basal temperature (ºC). 187 
 188 
The coefficient of variation in degree-day (CVdd) is the relationship between SDdd and average of 189 
degree-day accumulated of all plantations (ADD) and considers the value of Tb as the one with the 190 
lowest coefficient of variation with respect to the degree-day necessary to reach a certain stage of 191 
development, according to Equation 6, adapted by Yang el al. [18]: 192 
 193 
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where: SDdd = standard deviation in degree-day using a series of Tb; Tb = lower basal temperature 194 
(ºC); ADD - average of day-degree accumulated for all i-th planting seasons. 195 
 196 
The relative development (RD) method is based on the linear relationship between the mean air 197 
temperature (Tmean) during the development phase under study of each planting season and the RD 198 
values of the species/cultivar, using Equation 7 [19]: 199 
 200 
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where: a = the coefficient of linear regression; Tmean = average air temperature (ºC); b = linear 201 
coefficient; 100 = arbitrary weighting value; N = number of days of duration of the development phase 202 
in each planting season. 203 
 204 
By the relative development (RD) method, Tb is the value that results in a zero relative development 205 
resulting from the prolongation of simple linear regression between the RD of the cultivar as a function 206 
of the Tmean, that is, Tb = -b/a [19]. 207 
 208 
The upper basal temperature (TB) was estimated in a manner similar to Tb, using the methods of 209 
standard deviation in degree-day (SDdd), standard deviation in days (SDd) and coefficient of variation 210 
in degree-day (CVdd) being considered the TB, when this presented lower value of standard deviation 211 
and coefficient of variation. For this estimation, temperatures with a variation of 1 in 1 ºC were used, 212 
at intervals ranging from 25 to 38 ºC. The characterization of the thermal requirements of cacao tree 213 
was made using the methodology proposed by Ometto [11], whose variations are presented below: 214 
 215 

Case 1: TB > TM > Tm > Tb 216 
 217 
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 218 
Case 2: TB > TM > Tb ≥ Tm 219 
  220 
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 221 
Case 3: TB > Tb > TM > Tm 222 
 223 ��$ = �                                                                                                                            (Eq. 10) 
 224 
Case 4: TM > TB > Tm > Tb 225 
 226 
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 227 
Case 5: TM > TB > Tb > Tm 228 
 229 
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 230 
where: DDi = degree-day of day i (ºC); TM = maximum temperature of the day; Tm = minimum 231 
temperature of the day; Tb = lower basal temperature; TB = upper basal temperature. 232 
 233 
Due to the difference between the Tb and TB estimation values as a function of the methods, the final 234 
value of Tb and TB for cacao tree seedlings production was obtained by the arithmetic mean of the Tb 235 
and TB values found by the methods, with the mean Tb, later used for the thermal sum (DD). 236 
 237 
The shoot height (SH) and the stem diameter (SD) were related to the thermal sum (DD), according to 238 
Equation 13: 239 
 240 



 

9 = : + �. ;� − �<=�>".���?                                                                                   (Eq. 13) 

Where, Y = shoot height (cm) or stem diameter (mm) of the seedling; DD = cumulative degree-day 241 
(ºC); a, b and c = coefficients of the equation, which biologically explains the pattern of growth 242 
response and/or development of the cacao tree seedlings. 243 
 244 
The growth rate (GR) of height and diameter were obtained by deriving Equation 13 in relation to DD, 245 
obtaining the following Equation 14: 246 
 247 
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We used Excel and the open source program R [20] for data organization and manipulation. 248 
 249 
3. RESULTS AND DISCUSSION 250 
 251 
The production of cacao treee seedlings at different weather seasons provided distinct developments 252 
(Table 1), which were important for estimating the lower basal (Tb), upper (TB) temperature and the 253 
thermal sum (DD) needed to form a good quality cacao tree seedling. The mean maximum and 254 
minimum temperatures of all seasons evaluated during the experiment, were 37.67 ºC and 19.82 ºC, 255 
respectively. The highest maximum temperature found was 49.1ºC (10/29/2017), recorded on the 2nd 256 
day after emergence (DAE) of the 3rd planting, and the lowest recorded minimum temperature was 257 
12.1 ºC (08/09/2017), in the 6th DAE of the second planting (Figure 1). 258 
  259 
Table 1 – Duration of the cycle, in days after emergence (DAE), mean temperatures, mean of 260 
maximum and minimum values (in ºC), in the agricultural greenhouse, in the production of the 261 
cacao tree seedlings, at the different growing seasons in Colatina/ES, 2017. 262 

Season 
  

DAE 
 Air Temperature(ºC) 

   
Mean 

Mean 
Maximum  

Mean 
Minimum 

1st Planting (Autumn)   52  29.74 39.12 20.36 
2nd Planting (Winter)   64  25.90 34.82 16.97 
3rd Planting (Spring)   49  30.61 39.08 22.13 
 263 
The different climatic conditions in the three planting seasons influenced the duration of the 264 
development cycle of the cacao tree in DAE, demonstrating a tendency to decrease the duration of 265 
the production cycle of the seedlings with the increase of the average air temperature (Table 1). The 266 
same trend was observed in other crops such as olive [21], triticale [22] and for canola [23]. 267 
 268 
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Fig. 1. Maximum (A) and minimum temperature (B), inside the greenhouse, in the 
production of cacao tree seedlings, in the different growing seasons in Colatina/ES, 
2017. 
 269 
The maximum and minimum relative humidity within the greenhouse for the three planting seasons of 270 
the cacao tree during the whole seedling production cycle, days after emergence (DAE) can be 271 
observed in Figure 2. The average relative humidity of the air, inside the greenhouse, for the three 272 
planting seasons was 56.38%; 57.61% and 60.13% for the 1st, 2nd and 3rd plantings, respectively. 273 
The mean maximum and minimum relative humidity, respectively, recorded for the first planting was 274 
86.74% and 26.01%; for the second planting of 87.02% and 28.20% and for the third planting of 275 
85.80% and 34.46%. 276 
 277 
 278 
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Fig. 2. Maximum (A) and minimum relative humidity (B), inside the greenhouse, in 
the production of cacao tree seedlings, in the different growing seasons in 
Colatina/ES, 2017. 
 279 
The average reference evapotranspiration (ETo), recorded in the external environment, on days after 280 
emergence (DAE), for the 1st, 2nd and 3rd plantings, respectively, was 3.90 mm.d-1; 2.91 mm.d-1 and 281 
3.37 mm.d-1. As can be observed in Figure 3, the maximum value of ETo registered for the first 282 
planting was 5.85 mm.d-1 (03/26/2017; 5th DAE), in the second planting was 4.32 mm.d-1 283 
(10/06/2017; 64th DAE) and on the 3rd planting was 6.63 mm.d-1 (11/28/2017; 32nd DAE), clearly 284 
demonstrating the influence of the different climatic conditions on the duration of the cycle for the 285 
production of cacao tree seedlings (Table 1). 286 
 287 

 
 
Fig. 3. Daily values of reference evapotranspiration (ETo) occurring in the external 
environment, for each growing season, throughout the period of production of 
cacao tree seedlings in Colatina/ES, 2017. 
 288 
The lower basal temperature values (Tb) for the four methods under study (Figure 4) were similar for 289 
each other for the cultivars of cacao tree cultivar TSH1188. The methods of standard deviation in 290 
degree-day (SDdd), standard deviation in days (SDd) and coefficient of variation in degree-day 291 
(CVdd) presented Tb value equal to 10,0 ºC. Only the relative development method (RD) showed a 292 
Tb value of 10.18 ºC. However, it is possible to observe that the RD method presented an excellent 293 
linear relationship between the development rate and the mean air temperature, with coefficient of 294 
determination (R2) equal to 0.99, being considered an excellent method to estimate Tb, as also 295 
observed by Müller et al. [19]. 296 
 297 



 

The Tb value for the vegetative development of the cacao tree cultivar TSH1188, represented by the 298 
seedling phase, was considered 10.0 ºC, this value being the arithmetic mean among the four 299 
evaluated methods for Tb estimation. Similar procedures for estimating Tb values as a function of the 300 
different methods were also observed by Barbano et al. [24], Lago et al. [25], Fagundes et al. [26] and 301 
Souza and Martins [21]. 302 
 303 
The lower basal temperature (Tb = 10 ºC) found in this work, for the seedling phase, corroborates the 304 
results of Souza et al. [27], where they state that the ideal average temperatures for the good 305 
development and production of cacao tree are 25 ºC ± 4.5 ºC, conditions that are only found in 306 
typically tropical regions, and that the absolute minimum temperature should not be less than 10 °C, 307 
with mean minimum temperatures in the coldest month above 15.5 °C, due to the inhibition of the 308 
formation of floral buds at very low temperatures, which is why it is not common to verify cacao tree 309 
flowering in the June, July and August at Espirito Santo state. 310 
 311 
The Tb of the plants presents a difference between species, and between cultivars within the same 312 
species, and may also vary according to the stage of development of the crop [28;29]. The estimated 313 
value of Tb in this study (10.0 ºC) for the vegetative development of cacao tree TSH1188, 314 
represented by the seedling phase, was close to the values found for the vegetative development of 315 
both perennial crops such as Eucalyptus grandis (10.0 ºC) [30] and olive (9.6 ºC for cultivar Grappolo) 316 
[21], as well as for some annual crops such as canola hybrids (9.9 and 10.0 ºC) [23] and red rice 317 
biotypes (9.9 and 10.5 ºC) [25]. 318 
 319 
 320 
 321 
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Fig. 4. Standard deviation in degree-days – SDdd (A); standard deviantion in days – 
SDd (B) e coefficient of variation in degree-days– CVdd (C) and relative development 
method – RD (D) for estimates of the minimum basal temperature (Tb) of cacao tree 
TSH1188 in the production period of the seedlings – Colatina/ES, 2017 
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 322 
With the minimum basal temperature defined at (10.0 °C), the height of the seedlings, stem diameter 323 
and number of leaves were related to accumulated degree-days (Figure 5) and the growth rates for 324 
height and diameter of the seedlings were determined in relation to accumulated degree-days (Figure 325 
6) by Equations 13 and 14. 326 
 327 
The use of the thermal sum in degree-day, for estimates height development, stem diameter and 328 
number of leaves, besides the growth rates for height and diameter of the cacao tree seedlings, 329 
allowed estimates with coefficient of determination (R2) close to 1.0 (Figures 5 and 6). The use of 330 
degree-days allows more accurate evaluations and management when compared to the use of 331 
temporal scales after sowing or emergence, as also observed by Ferneda et al. [31]. 332 
 333 
 334 
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Fig. 5. Shoot height (A), stem diameter (B) and number of leaves (C) of the cacao tree 
seedlings TSH1188, in the three growing seasons as a function of the accumulated 
degree-days (ºC) – Colatina/ES, 2017 
 335 
It is possible to observe that the height and the diameter (Figures 5A and 5B) of the cacao tree 336 
seedlings produced in the 2nd Planting (winter) presented reduced growth when compared to the 337 
hotter periods (1st and 3rd Planting). 338 
 339 
The number of leaves presented increasing and linear behavior in the three plantations, when 340 
correlated to the cumulative degree-days, with a lower growth of the second planting, when compared 341 
to the other evaluated periods (Figure 5C). 342 
 343 
Analyzing the growth rates of cacao tree seedlings (Figures 6A and 6B) it is possible to verify that the 344 
height and diameter gain are reduced with the accumulation of degree-days and tend to stabilize, 345 
becoming almost null when growth occurs when the thermal sum approximates the accumulated 1000 346 
degree-days, characterizing, thus, the finalization of the development of the seedling phase. 347 
 348 
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Fig. 6. Height growth rate (A) and the stem diameter rate (B) of TSH1188 cacao tree 
seedlings in the three growing seasons as a function of the accumulated degree-days 
(ºC) – Colatina/ES, 2017. 
 349 
To obtain good quality cacao tree seedlings, it was necessary to add a thermal sum in degree-day of 350 
1026.35 DD in the 1st planting, 1017.40 DD in the 2nd planting and 1009.70 DD in the 3rd planting. 351 
Thus, for a full vegetative development of the TSH1188 cacao tree seedlings, a thermal sum of 1018 352 
DD is required on average to form seedlings with quality. 353 
 354 
In Table 2 it is possible to verify that the seedlings in the three plantations were really ready, since 355 
they presented values above 0.2 in the Dickson quality index (DQI), which is considered the minimum 356 
established by Hunt [32] for obtain a good quality seedling. Considered also by Johnson and Cline 357 
[33] as a promising morphological measure, the DQI reflects the quality of the seedlings considering 358 
in its calculation the robustness (TDM) and the balance of the phytomass distribution (RSHSD and 359 
RDMSR). 360 
 361 
Table 2 - Average values with standard deviation of growth and quality the cacao tree 362 
seedlings, at the different growing seasons in Colatina/ES, 2017. 363 
 364 

 1st Planting 2nd Planting 3rd Planting 

SH 22,2 ±2,77 15,0 ±0,70 22,9 ±0,83 
SD 4,77 ±0,27 4,07 ±0,12 5,3 ±0,37 
RL 22,2 ±3,76 20,4 ±1,62 22,9 ±1,52 
NL 8,1 ±0,98 5,5 ±0,51 7,8 ±0,75 
LA 347,12 ±64,48 157,26 ±27,89 309,58 ±85,05 

FMSS 8,03 ±1,19 4,21 ±0,55 8,67 ±1,42 
DMSS 1,92 ±0,18 0,91 ±0,12 2,32 ±0,37 
FMRS 2,17 ±0,25 2,16 ±0,32 2,28 ±0,48 
DMRS 0,38 ±0,08 0,29 ±0,02 0,42 ±0,05 

DQI 0,24 ±0,04 0,20 ±0,01 0,21 ±0,01 
SH - shoot height (cm); SD - stem diameter (mm); RL - root length (cm); NL - number of leaves; LA - leaf area 365 
(cm

2
); FMSS - fresh mass of shoot system (g); DMSS - dry mass of the shoot system (g); FMRS - fresh mass of 366 

the root system (g); DMRS - dry mass of the root system (g) and DQI - Dickson quality index. 367 
 368 
It is important to emphasize that, even if quality cacao tree seedlings are obtained with a thermal sum 369 
of 1018 DD, if a producer wishes to produce seedlings in a colder period, the time to obtain a seedling 370 
of quality will be longer, as observed in the second planting of this experiment (Table 1), and the 371 
physiological characteristics of the seedlings will not have the same pattern of the seedlings produced 372 
in warmer climates, as can be observed when comparing the 2nd planting with the 1st and 3rd 373 
planting (Table 2), but both will have quality at 1018 DD. 374 
 375 
Taking into consideration the basal temperature of 10 ºC, it was possible to determine the upper basal 376 
temperature (TB), which presented a mean value of TB = 37 ºC between the three estimation 377 



 

methods (SDdd, SDd and CVdd) (Figure 7). This value is close to that found in other crops such as 378 
soybean (37 ºC) [31], fig tree (36 ºC) [34] and eucalyptus (36 ºC) [35]. 379 
 380 
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Fig. 7. Standard deviation in degree-days - SDdd (A); Standard deviantion in days – 
SDd (B) e Coefficient of variation in degree-days – CVdd (C) for estimates of the 
upper basal temperature (TB) of the cacao tree TSH1188 in the production period of 
the seedlings – Colatina/ES, 2017 



 

Matos et al. [36] found the value of 30.7°C for the maturation stage of the dwarf cashew as the upper 382 
basal temperature for the FAGA 11 clone. Farias et al. [37], through studies with cowpea, found a 383 
higher basal temperature of 38 °C for the BR3 tracuateua cultivar, considering the entire development 384 
cycle of the crop, which is close to that found for the upper basal temperature for TSH1188 cacao tree 385 
seedlings, which was 37 ºC. 386 
 387 
Since TB is an elevated temperature and, in some regions, rarely reached in the field, its 388 
determination is not very frequent in studies of basal temperature estimation. However, in the climatic 389 
conditions observed during the three planting seasons of the cacao tree seedlings of this experiment, 390 
it was possible to observe (Figure 1A) that in several moments TB was exceeded, reaching a 391 
maximum temperature of 49.1°C 10/29/2017 (3rd planting), and mean maximum temperatures above 392 
37 ºC for the 1st and 3rd planting (Table 1). This indicates that the knowledge of TB is important for 393 
the characterization of the development of the cacao tree seedlings cultivated under climatic 394 
conditions that present warmer temperatures, where TB can often be overcome, restricting the 395 
development of the crop. Thus, this information is fundamental for the planning, management and 396 
cultural treatments of the cacao tree for seedling production. 397 
 398 
 399 
4. CONCLUSION 400 
 401 
The lower and upper basal temperatures for the production of cacao tree seedlings are 10 ºC and 37 402 
ºC, respectively. 403 
 404 
The development of the variables shoot height, stem diameter and number of leaves of the cacao tree 405 
plants as a function of the cumulative degrees-days allows more precise evaluations for monitoring 406 
and cultural management to obtain a production of quality cacao tree seedlings in different climatic 407 
conditions. 408 
 409 
The thermal requirement in degree-day to obtain a quality change of the TSH1188 cacao tree is 1018 410 
ºC. 411 
 412 
The time required for the production of cacao tree seedlings varies according to the season of the 413 
year. Cacao tree seedlings conducted in periods with higher temperatures took less time to form with 414 
quality. 415 
 416 
The cacao tree crop, based on the results found in these trials, showed to be sensitive to low 417 
temperatures, proving to be a predominantly tropical climate crop. 418 
 419 
 420 
 421 
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