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Abstract 
Cassava (Manihot esculenta Crantz) is the third largest source of calories in 
tropical countries and the sixth most important food crop in the World. How-
ever, the short shelf life of its storage roots after harvest due to a rapid post- 
harvest physiological deterioration (PPD) makes the roots to be considered as 
a risky product to market. The objectives of this work were to investigate the 
influence of two harvest periods on cassava agronomic parameters and their 
physiological response to PPD. Three cassava cultivars 96/1414, I070593 and 
LMR were selected for the experiment and harvested at 10 and 12 months af-
ter planting (MAP). The response to PPD was assessed during storage at 0, 3, 
8 and 15 days after harvest (DAH). Total proteins content, soluble sugars and 
starch, total polyphenols compounds, polyphenoloxidase and peroxidase ac-
tivities were recorded during storage. Results showed large variation among 
the parameters at the two harvest periods across the cultivars. High number 
of tubers was recorded in all the cultivars at 12 MAP and a significant increase 
in storage roots length was observed in 96/1414 and LMR from 10 MAP to 12 
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MAP (25 ± 5.1 to 41.3 ± 5.9 and 22.6 ± 3.3 to 27.9 ± 4.8) respectively. A re-
duction of about 49% of tubers weight was observed in I070593 from 10 to 12 
MAP while an increase of about 36% and 11% were recorded in LMR and 
96/1414 respectively. Tubers from I070593 showed less susceptibility to PPD 
when harvested at 10 MAP compared to those from LMR and 96/1414 where 
less susceptibility to PPD were recorded at 12 MAP. An increase in soluble 
sugars content, total proteins content and peroxidase activity subsequently to 
a decrease in starch content were recorded during storage from 8 to 15 days 
after harvest especially at 10 MAP in I070593 and at 12 MAP in LMR and 
96/1414. High content of total phenolic compounds and less activity of poly-
phenol oxidase were correlated to PPD susceptibility. This work opens a new 
insight issue of the consideration of the appropriate harvest time of the culti-
vars as a tool to better control the onset of postharvest physiological deteri-
oration. 
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1. Introduction 

Cassava (Manihot esculenta Crantz) is one of the most valuable roots crops and 
the second important staple food for energy around the World [1]. It is mainly 
grown for its tuberous roots, rich in carbohydrates, which account for about 90% 
of the dry weight of tubers [2]. Cameroon has significant potential as one of the 
biggest cassava producers in Africa [3]. Cassava accounts for more than 20% of 
sown land and 46% of national food production [3]. It represents the staple food 
in the diet of 7 to 8 million Cameroonians and contributes to about 8% of the 
daily nutritional intake behind the plantain [4]. However, apart from the prob-
lem of pest attack especially due to cassava mosaic virus [4], cassava market is 
constrained by the short shelf-life of cassava roots because of postharvest physi-
ological deterioration (PPD) [5]. Cassava storage root is inevitable predisposed 
to cell damage due to mechanical injury caused by harvest. Undesirable vascular 
streaking developed quickly are commonly observed in the place on the site of 
damage of harvest storage roots and caused deterioration vascular streaking de-
veloped quickly within 2 to 3 days and then caused black blue to black discolora-
tion on the parenchyma [6] [7] [8]. Therefore, constitutive defense mechanisms 
such as physiological and biochemical changes are activated upon harvest as in 
intact plant subjected to abiotic stress. The process of PPD is considered to re-
semble a typical wounding response in which the healing process is inadequate. 
PPD is a complex physiological process which involves many regulatory networks 
linked with specific proteins modulation and signaling transduction pathways [6]. 
Several works studying PPD have place reactive oxygen species (ROS) production 
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as one of the earliest events in the process [9] [10] [11]. In addition, a causal link 
between cyanogenesis and the onset of the oxidative burst was reported by [12]. 
Superoxide dismutase in combination with catalase activities was also reported 
as the first line of defense against PPD to support PPD-tolerant cassava varieties 
[8]. The accumulation of secondary metabolites such as diterpenic and phenolic 
compounds during the process of PPD development was also reported [9]. A de-
lay of PPD onset was reported by [13] in yellow-root cassava cultivars with high 
β-carotene. 

Biochemical features of PPD include changes in proteins content and enzy-
matic activities, genes expression and metabolites [8] [14] [15] [16]. A rapid in-
crease in soluble sugars content coupled with a decrease in starch content and 
root dry weight were reported by [17]. PPD has been found to be associated with 
agronomic traits as reported by [18] and [19]. Factors such as cultivar, environ-
mental conditions, and soil preparation and composition are of high importance 
in PPD sensitive and tolerance considerations [20] [21]. Therefore, PPD is a ma-
jor challenge in cassava value chain and effort to reduce its negative impact is of 
great interest for cassava market and industry. Traditional marketing and storage 
systems have been adapted to avoid root perishability but currently there is no 
general technique to store and preserve cassava roots commercially [22]. A com-
mon way of avoiding root losses due to PPD is to leave the roots unharvest in the 
soil after the period of optimal root development, until the roots can be imme-
diately consumed, processed or marketed [17]. This strategy has disadvantages 
because large areas of land are used by the standing crop, unavailable for addi-
tional agriculture production. Furthermore, even though the roots may increase 
in size they become more woody and fibrous, decreasing palatability and in-
creasing the cooking time, respectively, if left longer than the optimal harvest 
time of 10 - 12 months after planting [17]. In Cameroon as well as in many afri-
can countries studies on cassava are concentrated in cassava mosaic virus [23] 
[24] and very low attention is made on PPD even if losses of about 29% due to 
PPD were reported in Africa [17]. 

The purpose of this work was to investigate the influence of two harvest periods 
on cassava storage roots agronomic parameters and the mobilization of some bio-
chemical variables during postharvest storage in response to PPD among three 
cassava cultivars highly cultivated in Cameroon. 

2. Material and Methods 
2.1. Description of the Study Area 

The experiment was carried out at the locality of Zamengoe, Centre region of Ca-
meroon (N03˚56.589’ E011˚27.388’). The climate according to [25] is tropical with 
two distinct seasons: the rainy season (from March to June and from August to 
November) and the dry season (from November to March and from June to Au-
gust). The average annual temperature is 25˚C, and the average annual rainfall 
range from 1500 to 2000 mm [25]. The physiochemical composition from 100 g of 
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soil of the experimental study consisted of pH 5.3, 1.25% of organic matter, 2.76 
meq of Ca, 0.58 meq of Mg, 0.1 meq of K, 10.72 mg/kg of P and 1.16 g/kg of N. 

2.2. Plant Material 

The stem cuttings of 15 cm in length, 20 mm in diameter with at least five buds 
were taken from 12-month-old plants of three cassava cultivars 96/1414 (white 
flesh improved cassava), I070593 (yellow flesh improved cassava) and LMR (red 
flesh local cassava) generously offered by the International Institute of Tropical 
Agriculture (IITA—Cameroon). According to the information released by IITA, 
the yield of the cultivars I070593 and 96/1414 are above 35 tons/ha while the 
yield of LMR is 18 tons/ha. The experiment was set up in a randomized com-
plete block design with three plots of 12 m2 each containing 20 cassava plants for 
each cassava cultivars and repeat three time. A 1.5 m wide-open strip separated 
the blocks; whereas the plots within a block were 1 m apart from each other. The 
stem cuttings were planted manually in individual spaces measuring 1 m × 1 m 
(1 m within and among rows) spaced at 1m. The cassava roots were harvested at 
10 and 12 months after planting (MAP) which are considered as most appro-
priated harvest periods for cassava storage roots [15] [16] [17]. Weeds were 
manually control during the experiment by hoeing. 

2.3. Agronomic Parameters at the Two Harvest Periods 

Manual harvesting trials were conducted at 10 and 12 months after planting 
(MAP). Handling of cassava roots was carefully processed to minimize any me-
chanical damages. Agronomic parameters investigated at harvest include average 
storage root length (cm), average storage root diameter (cm), average storage root 
weight, number of storage root per plant at each harvest period using five plants 
selected at random within the plot as samples per cassava cultivar. 

2.4. Visual PPD Assessment 

Harvested roots were stored at room temperature on shelves and protected from 
the sun and rain. The effect of the two harvest periods on the onset of PPD ac-
cording to cassava cultivar was assessed on storage roots incubated at room 
temperature for 0, 3, 8 and 15 days after harvest (DAH). At each time of storage, 
five roots of each genotype were selected randomly for the evaluation of PPD. A 
sliced section of about 2 cm thickness was photographed for visual observation 
of PPD development as described by [20]. PPD onset was determined by the ob-
servation black blue to black discoloration of the parenchyma, described as cha-
racteristics of PPD [26] [27]. The grayscale intensity of the pixels of the images 
of the tuber sections was assessed using the ImageJ software, version 1.53e  
(http://rsb.info.nih.gov/ij/, NIH, MD, USA) [28]. 

2.5. Total Protein Quantification and Peroxidase Activity 

Total protein quantification was assessed at different times of storage of each 
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harvest periods from 0.5 g of cassava flesh crushed in a mortar with 3 ml of pro-
tein extraction buffer (0.1 M phosphate, 0.1% (W/V) EDTA, 0.1% (W/V) Ascor-
bic acid, 0.5% (W/V) NaCl, 0.02% (V/V) Triton X-100, pH = 7.2). Soluble pro-
teins were recorded from the supernatant after centrifugation at 3500 g, 4˚C for 
20 min. Total protein concentration was estimated by standard Bradford’s me-
thod [29]. Peroxidase activity (POX) and Polyphenol oxidase activity (PPO) were 
both estimated spectrophotometrically from total protein extract using methods 
described by El-Hadrami & Baaziz and Van Kammen & Brouwer, respectively 
[30] [31]. 

2.6. Total Soluble Sugars and Starch Content Quantification 

Estimation of total soluble sugars content was done at different time of storage 
of each harvest periods from 0.4 g of flesh crushing in 4 mL of ethanol 80%. The 
mixture was centrifuged at 3500 g, 4˚C for 20 min. The supernatant was col-
lected in test tube and constitute the total soluble sugars fraction and the pellet 
was recorded for starch extraction. Starch extraction was assessed by acid hy-
drolysis from the pellet of sugar extraction as described by [4]. 2 mL of hy-
drochloric acid were added to the pellet and the mixture was heated at 70˚C for 
3 hours. The reaction was stopped by adding 2 mL of natrium hydroxide 6N 
and, the mixture was centrifuged at 3500 g, 4˚C for 20 min. The supernatant was 
collected in a test tube and constituted the starch extract. The concentration of 
total sugar and starch were estimated using an anthron reagent according to the 
method described by [32]. 

2.7. Total Polyphenols Quantification 

Phenolic compounds were extracted from 0.4 g of fresh cassava flesh in 3 ml of 
80% (v/v) methanol at the different time of storage of tubers from the three cul-
tivars harvest at 10 MAP and 12 MAP [33]. The quantification of the phenolic 
compounds was made according to [34] using the Folin-Ciocalteu reagent. 

2.8. Data Analysis 

Statistical analyses were performed in Microsoft Office Excel 2013. For the signi-
ficance analysis, data were analyzed by a two-factor ANOVA. Means were com-
pared using LSD at 5% using Scott-knott test through R software version 3.6.3. 
Analyses were done in three biological replicates. 

3. Results 
3.1. Agronomic Parameters of Tubers at Harvest 

Cassava storage roots were evaluated at 10 MAP and 12 MAP by tubers length, 
tubers weight, tubers diameter and number of tubers per plants (Table 1). The 
results indicated a significant difference among cultivars following the evaluated 
parameters according to the two harvest periods. The number of tubers per plant 
of cassava cultivars 96/1414 and LMR at 10 MAP were 6.9 ± 1.7 and 6.4 ± 1.07 
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respectively. The lowest number of tubers per plant 3.2 ± 1.13 was recorded in 
I070593 cultivar at this same harvest period. At 12 MAP, the average number of 
tubers increased significantly in all the cultivars with a great increase observed in 
I070593 where the number of tubers doubled from 3.2 ± 1.13 at 10 MAP to 7.3 ± 
2.7 at 12 MAP. A decrease in tubers length and diameter was observed in 96/1414 
and LMR storage roots from 10 MAP to 12 MAP. The average tubers length 
drop of 39% (from 41.3 ± 5.95 cm to 25.3 ± 5.07 cm) and 19% (from 27.9 ± 4.8 
cm to 22.6 ± 3.34 cm) was observed in cassava storage roots 96/1414 and LMR 
cultivars respectively from 10 MAP to 12 MAP. No significant difference was 
observed in the average tubers length of I070593 at 10 MAP and 12 MAP. How-
ever, a decrease in tubers weight was observed in cassava storage roots of 
I070593 cultivar at 12 MAP where the cultivars 96/1414 and LMR showed an in-
crease in tubers weight at this harvest period (Table 1). 

3.2. Effect of Harvest Period on Morphological Changes of Tubers 
during Storage 

Morphological observations of postharvest physiological deterioration (PPD) on 
cassava storage roots stored at 0, 3, 8, and 15 DAH for the two harvest periods 
are reported in Figure 1. Visual observation by transverse section of the roots 
showed differences in PPD onset according to the harvest periods and the culti-
vars. Delay of PPD development for about 15 days was observed in cassava sto-
rage roots from I070593 cultivar harvested at 10 MAP while PPD symptoms 
were observed in cassava storage root from LMR and 96/1414 cultivars at 3 DAH 
and 8 DAH respectively. However in cassava storage roots harvested at 12 MAP, 
PPD symptoms were observed in all the cultivars with diverse severity at 3 DAH. 
The grayscale intensity relative to PPD development analyzed by ImageJ give 
more appreciation of response of the cultivars to PPD under the two harvest pe-
riods (Figure 1). The analysis of grayscale intensity in tubers from I070593 at 10  

 
Table 1. Effect of harvest period on agronomic parameter of storage roots at harvest. 

Agronomic traits 
Harvest 
periods 

Genotypes 

96/1414 I070593 LMR 

Number of tubers 10 MAP 6.9 ± 1.7c 3.2 ± 1.13d 6.4 ± 1.07c 

12 MAP 10.2 ± 2a 7.3 ± 2.7c 8.6 ± 1.6b 

Lenght of tubers (cm) 10 MAP 25 ± 5.1d 32.3 ± 4.7b 22.6 ± 3.3e 

 12 MAP 41.3 ± 5.9a 32.8 ± 5.4b 27.9 ± 4.8c 

Weight of tubers (kg) 10 MAP 0.6 ± 0.25b 0.69 ± 0.1b 0.5 ± 0.22c 

 12 MAP 0.76 ± 0.1a 0.35 ± 0.1d 0.8 ± 0.25a 

Diameter of tubers (cm) 10 MAP 17.5 ± 2.9a 17 ± 3.5a 17.2 ± 3.1a 

 12 MAP 14.6 ± 1.6b 15.1 ± 2b 15.8 ± 1b 

Values with same letters from line and for one parameter are not significant different ac-
cording to the Scott-knott test at 5% threshold. MAP= months after planting. 
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Figure 1. Morphological visualization of post-harvest physiological deterioration on tu-
bers at the two harvest periods and Means ± standard deviations of pixel grayscale values 
of images of tuber sections by ImageJ software. (a) Tubers harvest at 10 months; (b) tu-
bers harvest at 12 months. 
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MAP showed low variation from 0 to 15 DAH while a continuously decreased 
was observed in tubers from LMR at 10 MAP and in tubers from 96/1414 at 12 
MAP. 

3.3. Physiological Response of the Tubers to Postharvest  
Physiological Deterioration during Storage at the Two 
Harvest Periods 

A significant variation in total proteins content during storage was observed for 
the two periods of harvest (Table 2). In general, the tolerance to PPD of the cul-
tivars at a specific harvest period was correlated to an increase in proteins con-
tent following the duration of storage. At 10 MAP, an increase in total proteins 
content was observed in tubers from I070593 following the duration of storage. 
This increase was correlated to the delay of PPD development of tubers from this 
cultivar harvest at 10 MAP compared to the tubers from LMR and 96/1414 where 
the total proteins increased from 0 to 3 DAH and decreased from 8 to 15 DAH. 
At 12 MAP, the amount of proteins gradually increased in tubers from LMR 
during storage while a decreased in total proteins was observed in tubers from 
I070593 and 96/1414 at 8DAH and 15DAH respectively. 

The increase in total proteins was also associated with an increase in perox-
idase activity especially in tubers from I070593 at 10 MAP and in tubers from 
96/1414 at 12 MAP. In fact, at 10 MAP the peroxidase activity slowly increases in 
all the cultivars from 0 DAH to 8 DAH and decreases in 96/1414 and LMR at 15 
DAH while it continue to increase in I070593 (Table 3). At 12 MAP two burst of 
peroxidase activity were in I070593 and LMR at 3 DAH and 15 DAH while in 
96/1414 the activity gradually increases following the duration of storage. 

The effect of the two harvest periods on soluble sugars content is presented in 
Table 4. An increase in total sugars content following the duration of storage  

 
Table 2. Effect of harvest period on total proteins content of tubers during storage. 

Harvest periods 
Days after 

harvest (DAH) 

Genotypes 

96/1414 I070593 LMR 

10 MAP 0 1.7 ± 0.03d 1.17 ± 0.03f 1.9 ± 0.01c 

 3 2.28 ± 0.09b 1.4 ± 0.07e 2.6 ± 0.02a 

 8 1.86 ± 0.02c 1.7 ± 0.04d 1.77 ± 0.2d 

 15 0.64 ± 0.19g 2.2 ± 0.06b 1.48 ± 0.03e 

12 MAP 0 1.7 ± 0.03e 1.43 ± 0.01f 1.23 ± 0.04g 

 3 1.96 ± 0.06c 1.76 ± 0.04e 1.84 ± 0.09d 

 8 2.54 ± 0.12a 1.53 ± 0.12f 1.8 ± 0.04d 

 15 1.78 ± 0.06d 0.04 ± 0.06h 2.25 ± 0.06b 

Values with same letters from line and column and for each harvest period are not signif-
icant different according to the Scott-knott test at 5% threshold. MAP = months after 
planting. 

https://doi.org/10.4236/ajps.2023.141007


A. S. M. Djabou et al. 
 

 

DOI: 10.4236/ajps.2023.141007 97 American Journal of Plant Sciences 
 

Table 3. Effect of harvest period on peroxidase (POX) activity of tubers during storage. 

Harvest periods 
Days after 

harvest (DAH) 

Genotypes 

96/1414 I070593 LMR 

10 MAP 0 0.3 ± 0.1f 1.8 ± 0.7e 4.8 ± 0.5d 

 3 2 ± 0.1e 2.5 ± 0.6e 4.4 ± 0.4d 

 8 4.6 ± 0.8d 7.1 ± 0.9b 6.7 ± 0.2b 

 15 1.6 ± 0.6e 14 ± 0.1a 5.7 ± 0.5c 

12 MAP 0 5 ± 0.8f 6.6 ± 0.6e 5.2 ± 0.6f 

 3 6 ± 0.2e 6.3 ± 0.2e 14.8 ± 0.6c 

 8 8.6 ± 0.2d 6.3 ± 0.1e 6.7 ± 0.1e 

 15 9 ± 1d 62 ± 1a 30.5 ± 0.5b 

Values with same letters from line and column and for each harvest period are not signif-
icant different according to the Scott-knott test at 5% threshold. MAP = months after 
planting. 

 
Table 4. Effect of harvest period on soluble sugars content of tubers during storage. 

Harvest periods 
Days after 

harvest (DAH) 

Genotypes 

96/1414 I070593 LMR 

10 MAP 0 9.1 ± 2.4g 16.8 ± 0.74f 19.8 ± 1.3e 

 3 20.8 ± 0.35e 27.5 ± 0.47d 21.6 ± 0.48e 

 8 34.6 ± 1.2c 37 ± 1.2c 35.9 ± 1.26c 

 15 42.9 ± 2.5b 49.8 ± 0.6a 25.9 ± 0.7e 

12 MAP 0 25.5 ± 1.7c 24.4 ± 0.66d 23.1 ± 1.37d 

 3 25.4 ± 0.28c 26.6 ± 0.57c 23.6 ± 0.9d 

 8 30.8 ± 1.75b 27.1 ± 1.63c 24.5 ± 1.9d 

 15 33.8 ± 0.47a 26 ± 1.8c 23.97 ± 0.8b 

Values with same letters from line and column and for each harvest period are not signif-
icant different according to the Scott-knott test at 5% threshold. MAP = months after 
planting. 

 
was observed in all the cultivars at the two harvest periods with an exception of 
tubers from I070593 and LMR where a decrease in sugars content was observed 
at 15 DAH at 10 MAP and 12 MAP respectively. 

The increase in soluble sugars was subsequent to the decrease in starch con-
tent in all the cultivars at the two harvest periods following the duration of the 
storage (Table 5). 

The analysis of total phenolic compound in I070593 at 10 MAP showed a de-
crease from 0 to 8 DAH following by a slight increase at 15 DAH while in 
96/1414 a gradually increase in total phenolic compounds was observed from 0 
to 8 DAH with a peak at 15 DAH (Table 6). 
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Table 5. Effect of harvest period on starch content of tubers during storage. 

Harvest periods 
Days after 

harvest (DAH) 

Genotypes 

96/1414 I070593 LMR 

10 MAP 

0 188.7 ± 35.4c 324.8 ± 16.4a 211.6 ± 35c 

3 226.4 ± 19.7b 197.5 ± 26.4c 254.6 ± 26.5b 

8 191 ± 29.7c 188.7 ± 49.3c 134 ± 26.2c 

15 156.7 ± 11.6c 245 ± 45b 250.9 ± 25.2b 

12 MAP 0 348 ± 29.8a 170.3 ± 16.8b 148.3 ± 3.4c 

 3 194.4 ± 23.4b 189.9 ± 29.1b 138.3 ± 18.9c 

 8 167.1 ± 18.1b 154.5 ± 13.2c 195 ± 20.4b 

 15 149.4 ± 39.8c 161.2 ± 27b 99.5 ± 17.5d 

Values with same letters from line and column and for each harvest period are not signif-
icant different according to the Scott-knott test at 5% threshold. MAP = months after 
planting. 

 
Table 6. Effect of harvest period on phenolic compounds of tubers during storage. 

Harvest periods 
Days after 

harvest (DAH) 

Genotypes 

96/1414 I070593 LMR 

10 MAP 0 3.77 ± 0.02f 6.1 ± 0.46c 4.8 ± 0.05e 

 3 5.5 ± 0.5d 4.5 ± 0.1e 4.9 ± 0.24e 

 8 6 ± 0.2c 2.5 ± 0.18h 3 ± 0.18g 

 15 10.6 ± 0.02a 4.1 ± 0.33f 7 ± 0.26b 

12 MAP 0 8.32 ± 0.17a 4.75 ± 0.36e 6.15 ± 0.29d 

 3 3.66 ± 0.12f 2.93 ± 0.34g 2.64 ± 0.26h 

 8 2.45 ± 0.54h 7.45 ± 0.12b 3.2 ± 0.34g 

 15 6.87 ± 0.27c 6.35 ± 0.46d 2.18 ± 0h 

Values with same letters from line and column and for each harvest period are not signif-
icant different according to the Scott-knott test at 5% threshold. MAP = months after 
planting. 

 
The opposite trend was observed at 12 MAP where the total phenolic com-

pounds was found to be decrease in 96/1414 and LMR from 0 to 8 DAH. The 
decrease in total phenolic compounds was followed by an increase in polyphenol 
oxidase according to the harvest period and the cultivars (Table 7). 

 
Table 7. Effect of harvest period on polyphenol oxidase (PPO) activity of tubers during 
storage. 

Harvest periods 
Days after 

harvest (DAH) 

Genotypes 

96/1414 I070593 LMR 

10 MAP 0 6.4 ± 0.3c 3 ± 0.2g 1.4 ± 0.2h 
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Continued 

 3 4 ± 0.5f 3.2 ± 0.3g 4.8 ± 0.5d 

 8 3.7 ± 0.1f 6.9 ± 0.1b 4.2 ± 0.1e 

 15 4.9 ± 0.5d 10.3 ± 0.1a 3.7 ± 0.6f 

12 MAP 0 0.4 ± 0.1h 9 ± 0.2a 2.1 ± 0.1f 

 3 1.6 ± 0.2g 5.9 ± 0.2b 4.8 ± 0.4c 

 8 3 ± 0.3e 4.1 ± 0.3d 6.2 ± 0.2b 

 15 2.2 ± 0.1f 5.9 ± 0.1d 1.7 ± 0.1g 

4. Discussion 

Cassava postharvest physiological deterioration is a truly global challenge for 
cassava producers since it reduces the shelf life in cassava value chain. Investiga-
tions on response of diverse cultivars to PPD in order to discriminate susceptible 
to tolerant cultivars have been previously made by many authors [8] [35]. 
Farmers’ practices such as the appropriate harvest period in relation to the cul-
tivars need to be take into consideration since cassava can stay on the ground 
more than two years [36]. In this study we investigate the correlation between 
cultivars, agronomic parameters, harvest periods (10 MAP and 12 MAP) in re-
sponse to cassava postharvest physiological deterioration. The results showed that 
agronomic parameters at harvest are significantly affected by harvest period ac-
cording to the cultivar. Increase in tubers numbers was observed in all the culti-
vars from 10 MAP to 12 MAP. [36] has reported a continuity in tuber formation 
up to 24 MAP in cassava. The cultivar I070593 showed for almost all the para-
meters evaluated best performance at 10 MAP compared to LMR and 96/1414 
cultivars which performed well at 12 MAP. However newly formed tubers at 12 
MAP showed a decrease in tubers diameter and length compared to those har-
vested at 10 MAP. This could be explained by the re-assimilation of reserves in 
the previous formed tubers to promote the formation of new tubers at later stages 
of development [37]. Cultivars showed diverse response to PPD according to the 
harvest period. A PPD delay was observed in the tubers from I070593 the yellow 
flesh cassava cultivar at 10 MAP. [38] has reported a delay of more than 40 days 
in the implementation of PPD in three cassava cultivars with high carotene con-
tents. The effect of carotenes as a quench of reactive oxygen species in response 
to PPD development was previously reported by [13]. Tubers from LMR and 
96/1414 cultivars showed less susceptibility to PPD when harvested at 12 MAP. 
Differentially expressed levels in PPD susceptibility cassava cultivars harvested 
sequentially in two years was reported by [18]. 

The increase in total proteins content was correlated to the delay in PPD de-
velopment according to the cultivars and the harvest period. Increase in total 
proteins content was observed in I070593 at 10 MAP while in LMR and 96/1414 
at 12 MAP. Qualitative and quantitative changes in protein profiles as a me-
chanism of resistance to PPD development depending on the cultivars were re-
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ported by many authors [7] [8]. The increase in proteins content may be due to 
the high activity in proteins synthesis mainly involved in cells repair as a re-
sponse in PPD development as reported by [39]. The activity of peroxidase was 
high in I070593 at 10 MAP while in LMR and 96/1414 at 12 MAP. This suggest 
the scavenging of hydrogen peroxide which burst initiated PPD development 
[10] is more scavenging in I070593 when the tubers are harvest at 10 MAP than 
at 12 MAP. In fact, high activity of peroxidase were observed in tubers under-
going PPD compared to freshly harvest tubers [10]. 

The peak of soluble sugars was correlated to the appearance of morphological 
discoloration in LMR at 10 MAP and I070593 at 12 MAP. The increase in sugars 
content has been reported by [40] as mechanism of resistance to PPD develop-
ment in tolerant cultivars. In fact, sugars promote the increase of phenylpropa-
noid metabolism in immature potato plants [41]. The increase in total phenolic 
compound was associated to an increase in PPD development at 10 MAP in 
LMR and 96/1414 and I070593 at 12 MAP. In addition, PPD tolerance was asso-
ciated to high amount of polyphenol oxidase activity. In fact, PPD development 
induces the conversion of phenolic compounds into quinones which are more 
reactive molecules to stress [17]. 

5. Conclusion 

This work shows that harvest time and cultivar have a significant influence on 
the agronomic performance of cassava cultivars at harvest as well as on their re-
sponse to PPD. In addition, it provides new guidance on the appropriate harvest 
time which is reported for cultivar I070593 at 10 MAP and for LMR and 96/1414 
at 12 MAP for better performance of tubers at harvest and less susceptibility to 
PPD. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Amarullah, A., Indradewa, D., Yudono, P. and Sunarminto, B.H. (2017) Correlation 

of Growth Parameters with Yield of Two Cassava Cultivars. Ilmu Pertanian (Agri-
cultural Science), 1, Article 100. https://doi.org/10.22146/ipas.10706 

[2] Alves, A.A.C. (2002) Cassava Botany and Physiology. In: Hillocks, R.J., Tresh, J.M. 
and Bellotti, A.C., Eds., Cassava: Biology, Production and Utilization, CABI Publish-
ing, London, 67-89. https://doi.org/10.1079/9780851995243.0067 

[3] Tolly, L.E. (2013) Enhancing Cassava Marketing and Processing in Cameroon: Driv-
ers, Constraints, and Prospects of Value Chain. In: Elbehri, A., Ed., Rebuilding West 
Africa’s Food-Potential, FAO/IFAD, 505-535.  

[4] Akinbade, S.A., Hanna, R., Nguenkam, A., Njukwe, E., Fotso, A., Doumtsop, A., et al. 
(2010) First Report of the East African Cassava Mosaic Virus Uganda (EACM-UG) 
Infecting Cassava (Manihot esculenta) in Cameroon. New Disease Reports, 21, 22.  
https://doi.org/10.5197/j.2044-0588.2010.021.022 

https://doi.org/10.4236/ajps.2023.141007
https://doi.org/10.22146/ipas.10706
https://doi.org/10.1079/9780851995243.0067
https://doi.org/10.5197/j.2044-0588.2010.021.022


A. S. M. Djabou et al. 
 

 

DOI: 10.4236/ajps.2023.141007 101 American Journal of Plant Sciences 
 

[5] Plumbey, R.A. and Rickard, J.E. (1991) Postharvest Deterioration in Cassava. Tropical 
Science, 31, 295-303.  

[6] Djabou, A.S.M., Carvalho, L.J.C.B., Li, Q.X., Niemenak, N. and Chen, S. (2017) 
Cassava Postharvest Physiological Deterioration: A Complex Phenomenon Involv-
ing Calcium Signaling, Reactive Oxygen Species and Programmed Cell Death. Acta 
Physiologiae Plantarum, 39, Article No. 91. 
https://doi.org/10.1007/s11738-017-2382-0 

[7] Owiti, J., Grossmann, J., Gehrig, P., Dessimoz, C., Laloi, C., Hansen, M.B., et al. (2011) 
ITRAQ-Based Analysis of Changes in the Cassava Root Proteome Reveals Pathways 
Associated with Post-Harvest Physiological Deterioration. Plant Journal, 67, 145-156. 
https://doi.org/10.1111/j.1365-313X.2011.04582.x 

[8] Qin, Y., Djabou, M.A.S., An, F., Li, K., Li, Z., Yang, L., et al. (2017) Proteomic Analy-
sis of Injured Storage Roots in Cassava (Manihot esculenta Crantz) under Postharv-
est Physiological Deterioration. PLOS ONE, 12, e0174238. 
https://doi.org/10.1371/journal.pone.0174238 

[9] Buschmann, H., Reilly, K., Rodriguez, M.X., Tohme, J. and Beeching, J.R. (2000) 
Hydrogen Peroxide and Flavan-3-ols in Storage Roots of Cassava (Manihot esculenta 
Crantz) during Postharvest Deterioration. Journal of Agriculture and Food Chemi-
stry, 48, 5522-5529. https://doi.org/10.1021/jf000513p 

[10] Reilly, K., Gómez-Vásquez, R., Buschmann, H., Tohme, J. and Beeching, J.R. (2004) 
Oxidative Stress Responses during Cassava Post-Harvest Physiological Deterioration. 
Plant Molecular Biology, 56, 625-641. https://doi.org/10.1007/s11103-005-2271-6 

[11] Iyer, S., Mattinson, D.S. and Fellman J.K. (2010) Study of the Early Events Leading 
to Cassava Root Postharvest Deterioration. Tropical Plant Biology, 3, 151-165. 
https://doi.org/10.1007/s12042-010-9052-3 

[12] Zidenga, T., Leyva-Guerrero, E., Moon H. Siritunga, D. and Sayre, R. (2012) Extend-
ing Cassava Root Shelf Life via Reduction of Reactive Oxygen Species Production. 
Plant Physiology, 159, 1396-1407. https://doi.org/10.1104/pp.112.200345 

[13] Sanchez, T., Chávez A.L., Ceballos, H., Rodriguez-Amaya, D.B., Nestel, P. and Ishi-
tani, M. (2005) Reduction or Delay of Post-Harvest Physiological Deterioration In-
cassava Roots with Higher Carotenoid Content. Journal of the Science of Food and 
Agriculture, 86, 634-639. https://doi.org/10.1002/jsfa.2371 

[14] Uarrota, V.G. and Maraschin, M. (2015) Metabolomic, Enzymatic, and Histochem-
ical Analyzes of Cassava Roots during Postharvest Physiological Deterioration. BMC 
Research Notes, 8, Article No. 648. https://doi.org/10.1186/s13104-015-1580-3 

[15] Vanderschuren, H., Nyaboga, E., Poon, J.S., Baerenfaller, K., Grossmann, J., Hirsch- 
Hoffmann, M., et al. (2014) Large-Scale Proteomics of the Cassava Storage Root and 
Identification of a Target Gene to Reduce Postharvest Deterioration. Plant Cell, 26, 
1913-1924. https://doi.org/10.1105/tpc.114.123927 

[16] Zainuddin, I.M., Fathoni, A., Sudarmonowati, E., Beeching, J.R., Gruissem, W. and 
Vanderschuren, H. (2017) Cassava Postharvest Physiological Deterioration: From 
Triggers to Symptoms. Postharvest Biology and Technology, 145, 115-123.  
https://doi.org/10.1016/j.postharvbio.2017.09.004 

[17] Salcedo, A. and Siritunga, D. (2011) Insights into the Physiological and the Molecular 
Basis of Postharvest Deterioration in Cassava (Manihot esculenta) Roots. American 
Journal of Experimantal Agriculture, 1, 414-431. 
https://doi.org/10.9734/AJEA/2011/784 

[18] Luna, J., Dufour, D., Tran, T., Pizarro, M., Calle, F., Dominguez, G.M. et al. (2021) 
Post-Harvest Physiological Deterioration in Several Cassava Genotypes over Sequen-

https://doi.org/10.4236/ajps.2023.141007
https://doi.org/10.1007/s11738-017-2382-0
https://doi.org/10.1111/j.1365-313X.2011.04582.x
https://doi.org/10.1371/journal.pone.0174238
https://doi.org/10.1021/jf000513p
https://doi.org/10.1007/s11103-005-2271-6
https://doi.org/10.1007/s12042-010-9052-3
https://doi.org/10.1104/pp.112.200345
https://doi.org/10.1002/jsfa.2371
https://doi.org/10.1186/s13104-015-1580-3
https://doi.org/10.1105/tpc.114.123927
https://doi.org/10.1016/j.postharvbio.2017.09.004
https://doi.org/10.9734/AJEA/2011/784


A. S. M. Djabou et al. 
 

 

DOI: 10.4236/ajps.2023.141007 102 American Journal of Plant Sciences 
 

tial Harvests and Effect of Pruning Prior to Harvest. International Journal of Food 
Science and Technology, 56, 1222-1232. https://doi.org/10.1111/ijfs.14711 

[19] Rahmawati, R.S., Khumaida, N., Ardie, S.W., Sukma, D. and Sudarsono (2022) Effet 
of Harvest Period, Storage and Genotype on Postharvest Physiological Deteriora-
tion Responses in Cassava. Biodiversitas, 23, 100-109.  
https://doi.org/10.13057/biodiv/d230113 

[20] Djabou, A.S.M., Qin, Y., Thaddee, B., Figueiredo, P.G., Feifei, A., Carvalho, L.J.C.B., 
et al. (2018) Effects of Calcium and Magnesium Fertilization on Antioxidant Activi-
ties during Cassava Postharvest Physiological Deterioration. Crop Science, 58, 1385- 
1392. https://doi.org/10.2135/cropsci2017.09.0526 

[21] Hirose, S. (1986) Physiological Studies on Postharvest Deterioration of Cassava Plants. 
Japan Agricultural Research Quarterly, 19, 241-252. 

[22] Aristizabal, J. and Sanchez, T. (2007) Technical Guide for the Production and Analy-
sis of Cassava Starch. Bulletin of Agriculture Services of the FAO, Rome, Italy, 134. 

[23] Fondong, V.N. and Kegui, C. (2011) Genetic Variability of East African Cassava Mo-
saic Cameroon Virus under Field and Controlled Environment Conditions. Virology, 
413, 275-282. https://doi.org/10.1016/j.virol.2011.02.024 

[24] Elegba, W., Appiah, S.A., Azu, E., Afful, N., Agbemavor, K.S.W., Agyei-Amponsah 
J., et al. (2013) Kenneth Effect of Mosaic Virus Diseases on Dry Matter Content and 
Starch Yield of Five Cassava (Manihot esculenta Crantz) Accessions in Ghana. Afri-
can Journal of Biotechnology, 12, 4310-4316. https://doi.org/10.5897/AJB12.2958 

[25] Fews Net (2019) Cameroon Livelihood Zone Map and Descriptions. Fews Net, 
Washington DC. 

[26] Salcedo, A., del Valle, A., Sanchez, B., Ocasio, V., Ortiz, A., Marquez, P. and Siri-
tunga, D. (2010) Comparative Evaluation of Physiological Post-Harvest Root Dete-
rioration of 25 Cassava (Manihot esculenta) Accessions: Visual vs. Hydroxycouma-
rins Fluorescent Accumulation Analysis. African Journal of Agricultural Research, 
5, 3138-3144. 

[27] Wheatley, C.C. (1982) Studies on Cassava (Manihot esculenta Crantz) Root Post-
harvest Deterioration in Cassava Roots. Ph.D. University of London, United King-
dom. 

[28] Xu, J., Xiao, G.D., Yang, J., Beeching, J.R. and Zhang, P. (2013) Enhanced Reactive 
Oxygen Species Scavenging by Overproduction of Superoxide Dismutase and Cata-
lase Delays Postharvest Physiological Deterioration of Cassava Storage Roots. Plant 
Physiology, 161, 1517-1528. https://doi.org/10.1104/pp.112.212803 

[29] Bradford, M.M. (1976) A Rapid and Sensitive Method for the Quantitation of Mi-
crogram Quantities of Protein Utilizing the Principle of Protein-Dye Binding. Ana-
lytical Biochemistry, 72, 248-254. https://doi.org/10.1016/0003-2697(76)90527-3 

[30] El-Hadrami, I. and Baaziz, M. (1995) Somatic Embryogenesis and Analysis of Pe-
roxidases in Phoenix dactylifera L., Biologia Plantarum, 37, 197-203. 
https://doi.org/10.1007/BF02913210 

[31] Van Kammen, A. and Brouwer, D. (1994) Increase in Polyphenoloxidase Activity by 
a Local Virus Infection in Uninoculated Parts of Leaves. Virology, 22, 9-14. 
https://doi.org/10.1016/0042-6822(64)90042-X 

[32] Hansen, J. and Møller, I.B. (1975) Percolation of Starch and Solubles Carbohydrates 
from Plant Tissue for Quantitative Determination with Anthrone. Analytical Bio- 
chemistry, 68, 87-94. https://doi.org/10.1016/0003-2697(75)90682-X 

[33] Singleton, V. and Rossi, J. (1965) Colorimetry of Total Phebolics with Phosphomo-
lybdic-Phosphotungtic Acid Reagents. American Journal of Enology and Viticulture, 

https://doi.org/10.4236/ajps.2023.141007
https://doi.org/10.1111/ijfs.14711
https://doi.org/10.13057/biodiv/d230113
https://doi.org/10.2135/cropsci2017.09.0526
https://doi.org/10.1016/j.virol.2011.02.024
https://doi.org/10.5897/AJB12.2958
https://doi.org/10.1104/pp.112.212803
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1007/BF02913210
https://doi.org/10.1016/0042-6822(64)90042-X
https://doi.org/10.1016/0003-2697(75)90682-X


A. S. M. Djabou et al. 
 

 

DOI: 10.4236/ajps.2023.141007 103 American Journal of Plant Sciences 
 

965, 144-158. 

[34] Singleton, V., Orthofer, R. and Lamela-Raventos, R.M. (1999) Analysis of Total Phe-
nols and Others Oxidation Substrates Ans Antioxidant Means of Folin-Ciocalteu 
Reagent. Methods in Enzymology, 299, 152-178.  
https://doi.org/10.1016/S0076-6879(99)99017-1 

[35] Uarrota, V.G., Coelho, B., da Nunes, E.C., Peruch, L.A.M., Enilto de Oliveira, N., 
Rocha, M. and Maraschin, M. (2014) Metabolomics Combined with chemometric 
Tools (PCA, HLA, PLS-DA and SVM) for Screening Cassava (Manihot esculenta 
Crantz) Roots during Postharvest Physiological Deterioration. Food Chemistry, 161, 
67-78. https://doi.org/10.1016/j.foodchem.2014.03.110 

[36] Mulualem, T. (2012) Cassava (Manihot esculenta Cranz) Cultivars and Harvesting 
Stages Influenced Yield and Yield Related Components. Journal of Natural Sciences 
Research, 2, 122-129. 

[37] Onyenwoke, C.A. and Simonyan, K.J. (2014) Cassava Post-Harvest Processing and 
Storage in Nigeria: A Review. African Journal of Agricultural Research, 9, 3853-3863.  

[38] Morante, N., Sànchez, T., Calle, H., Ceballos, F., Pérez, J., Egesi, C.C., et al. (2010) 
Tolerance to Postharvest Physiological Deterioration in Cassava Roots. Crop Science, 
50, 1333-1338. https://doi.org/10.2135/cropsci2009.11.0666 

[39] Saravanan, R., Ravi, V., Stephen, R., Thajudhin, S. and George, J. (2016) Post-Harvest 
Physiological Deterioration of Cassava (Manihot esculenta)—A Review. Indian Jour-
nal of Agricultural Sciences, 86, 1383-1390. 

[40] Uarrota, V.G., Da Costa Nunes, E., Peruch, L.A.M., De Oliveira Neubert, E., Coel-
ho, B., et al. (2016) Toward Better Understanding of Postharvest Deterioration: Bi-
ochemical Changes in Stored Cassava (Manihot esculenta Crantz) Roots. Food Science 
and Nutrition, 4, 409-422. https://doi.org/10.1002/fsn3.303 

[41] Navarre, D.A., Payyavula, R.S., Shakya, R., Knowles, R.N. and Pillai, S.S. (2013) Changes 
in Potato Phenylpropanoid Metabolism during Tuber Development. Plant Physiology 
and Chemistry, 65, 89-101. https://doi.org/10.1016/j.plaphy.2013.01.007 

 
 

https://doi.org/10.4236/ajps.2023.141007
https://doi.org/10.1016/S0076-6879(99)99017-1
https://doi.org/10.1016/j.foodchem.2014.03.110
https://doi.org/10.2135/cropsci2009.11.0666
https://doi.org/10.1002/fsn3.303
https://doi.org/10.1016/j.plaphy.2013.01.007

	Influence of Harvest Periods on Cassava (Manihot esculenta Crantz) Agronomic Traits and Physiological Response to Post-Harvest Physiological Deterioration
	Abstract
	Keywords
	1. Introduction
	2. Material and Methods
	2.1. Description of the Study Area
	2.2. Plant Material
	2.3. Agronomic Parameters at the Two Harvest Periods
	2.4. Visual PPD Assessment
	2.5. Total Protein Quantification and Peroxidase Activity
	2.6. Total Soluble Sugars and Starch Content Quantification
	2.7. Total Polyphenols Quantification
	2.8. Data Analysis

	3. Results
	3.1. Agronomic Parameters of Tubers at Harvest
	3.2. Effect of Harvest Period on Morphological Changes of Tubers during Storage
	3.3. Physiological Response of the Tubers to Postharvest Physiological Deterioration during Storage at the Two Harvest Periods

	4. Discussion
	5. Conclusion
	Conflicts of Interest
	References

