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Abstract 
 

The present work was carried out in the spring-summer cycle of 2017 in Ojo de Agua, municipality 

of Zinacantepec, State of Mexico, to evaluate the response of three levels of chicken manure and a 

chemical fertilization treatment in four potato cultivars. The 16 treatments were evaluated in a 

randomized complete block design in a 4x4 factorial arrangement with three replications. The size 

of the experimental plot was integrated with three furrows 4 m long and 0.90 m wide. The registered 

variables were plant height, number of stems and tubers per plant, tuber weights per plant, fresh 

foliage, harvest index, yield per hectare, diameter (DT) and tuber length (LT). The results showed 

that the cv. Rosita (24.38 t ha-1) and Ágata (23.85 t ha-1), in 4 t ha-1 of chicken manure, produced 

the highest tuber yields. Major components 1 and 2 explained 69.19% of the original total variation. 

In 4 t ha-1 of chicken manure there were more stems and greater weights of tuber, foliage in fresh 

and tuber production. The cv. Rosita and Ágata excelled in stems per plant, as well as tuber weights 

and fresh foliage; the first had more tubers per plant. In the cv. Fianna, Ágata and Lucero recorded 

the highest harvest rates. 

 

Keywords: Solanum tuberosum L., High Valleys of Central Mexico, organic fertilizers, principal 
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Introduction 
 

Potato (Solanum tuberosum L.) is one of the main sources of human nutrition (Gopal and 

Khurana, 2006), after wheat (Triticum aestivum L.), corn (Zea mays L.) and rice (Oriza sativa 

L.) (FAO, 2012). Worldwide, more than 18 million hectares are planted, and the potato occupies 

the fourth place in economic importance (FAOSTAT, 2016). In Mexico, 53 107.24 ha are planted 

annually, with a production of 1 590 075.89 million tons and 32.52 t ha-1. The main producing 

states are Sonora, Sinaloa, Mexico, Veracruz, Baja California, Guanajuato, Coahuila, Nuevo 

Leon and Tamaulipas, among others. The State of Mexico produces 175 325 t with 29.28 t ha -1 

(SIAP, 2016). 

  

The use and application of organic matter has experienced a reduction in its use, probably due to 

the introduction of chemical fertilizers that produce higher yields at a lower cost. However, in 

recent years there has been greater interest in organic fertilizers (Terralia, 1998) for the contribution 

of nutrients to crops in the form of organic matter (Romero et al., 2000), as it promotes better 

development of the plant and increases yield and product quality (Navarro, 2009). It also improves 

the physical and chemical properties of the soil since the use of chemical fertilizers over time has 

generated loss of fertility and productive capacity (Trinidad, 1987). 

 

The chicken manure is a concentrated organic fertilizer and quick action, contains all the essential 

nutrients essential for plants (Arzola et al., 1981; Yagodin et al., 1986). Several studies have shown 

that with chicken manure, higher production and tuber quality were obtained (Romero et al., 2000; 

Luna et al., 2016) and corn yield was increased by increasing the available phosphorus in the soil 

(Pool et al., 2000). The characteristics of the plant, fruit and production of the zucchini showed 

that the fertilization with processed chicken manure, the mycorrhizal inoculation or its 

combination, gave similar results to those caused by inorganic fertilization (Díaz et al., 2016). In 

Vicia faba the chicken manure and the mushroom compost in 3 t ha-1 had the best phenotypic 

expression in floral knots, plant height, green index, pods per plant, pod weight per plant, clean 

seeds, weight of clean seeds , weight of 100 seeds and grain yield (Orozco et al., 2016). 

 

At present, the dilemma of producers is related to the weighting between sustainability and 

economy; that is, obtain a quality production with higher performance. In the previous context, the 

main objective in this study was to evaluate the response of three levels of chicken manure and an 

inorganic fertilization treatment in four potato cultivars in the community of Ojo de Agua, 

belonging to the municipality of Zinacantepec, State of Mexico. 

 

Materials and methods 
 

Description of the study area 

 

The present study was developed in 2017 under rainfed conditions in the community of Ojo de 

Agua, in the municipality of Zinacantepec, State of Mexico, located at 99° 46’ 13’’ north latitude 

and 19° 12’ 58’’ west longitude, to 3 037 masl. In this region the temperate sub-humid climate 

predominates, with an average temperature of 28 °C in summer and 5 °C in winter. The Andosol 

soil is a migajon type, with clay-sandy to silty texture, dark gray-brown in color and with a depth 

of 4 to 9 m, very fertile (IGECEM, 2014). 
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Genetic material 

 

The potato cultivars Fianna, Ágata, Rosita and Lucero, provided by producers from the Toluca-

Zinacantepec region (Table 1) were used. 

 
Table 1. Agronomic characteristics of the four potato varieties. 

Varieties Description 

Fianna Green plant of intermediate cycle, white flower, oval tubercle, cream 

cuticle and white pulp, has moderate resistance to dry rot and scab. 

Lucero Intermediate cycle green plant, white flower, oval tuber, skin and 

light-yellow flesh. 

Ágata Short plant of intermediate cycle, extended stems, large to medium 

leaves, green to light green, tubercle oval, yellow skin, susceptible to 

Phytophthora spp. 

Rosita Short plant of late cycle, tubercle oval, red skin with deep eyes, 

cream pulp, tolerant to late bligh.  

Source: Potato Council (2011); Nivap Holland (2007). 

 

Design and size of the experimental plot 

 

The 16 treatments that were formed by combining the levels of four cultivars and four types of 

fertilization (Table 2) were evaluated in the field in a randomized complete block design in a 4x4 

factorial arrangement, with three replications. The experimental plot had three rows of 4 m long 

and 0.9 m wide, a tuber was deposited every 20 cm. The useful experimental unit was the central 

row. 

 
Table 2. Structure of the treatments. 

Study factors Levels 

Cultivars V1= Fianna 

 V2= Ágata 

 V3= Rosita 

 V4= Lucero 

Inorganic fertilization F1= 154 N-356 P-60 K 

Organic fertilization with chicken manure F2= 2 t ha-1 + F1 

 F3 = 3 t ha-1 + F1 

 F4= 4 t ha-1 + F1 

T1=Fianna + F1; T2=Fianna +F2; T3=Fianna + F3; ,…, ; F16=Lucero + F4. 

 

Physical-chemical analysis of the soil where the experiment was made 

 

The soils that predominate in the community of Ojo de Agua, in the municipality of Zinacantepec, 

State of Mexico have the characteristics shown in Table 3. 
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Table 3. Physicochemical soil analysis. 

Characteristic Unit Value Classification 

pH  5.29 Moderately acidic 

Cation exchange capacity (Cmol+ kg-1) 48.75 Very high 

Organic carbon (%) 3.96 Low 

Organic material (%) 6.86 Medium 

Electric conductivity (dS m-1) 0.26 Normal 

Total nitrogen (%) 0.22 High 

Phosphorus (ppm) 28.69 Medium 

Potassium (ppm) 60.25 Low 

Carbon/nitrogen ratio (%) 17.99 Deficient 

Calcium (ppm) 65.39 Very low 

Magnesium (ppm) - Traces 

Sodium (ppm) 16.38 Very low 

Apparent density (g cm-3) 0.9 Low 

Textural class 

(%) sand 69.2 

Sandy loam (%) clay 5.2 

(%) silt 25.6 

Soil Laboratory of the Faculty of Agricultural Sciences. Data 2017. 

 

Composition of chicken manure 

 

His physical and chemical analysis was carried out in a laboratory of the Faculty of Agricultural 

Sciences (Table 4). 

 
Table 4. Physical and chemical composition of the chicken manure. 

Characteristic Unit Value 

pH  6.5 

Cation exchange capacity (Cmol+ kg-1) 37.5 

Organic carbon (%) 31.2 

Organic material (%) 53.8 

Electric conductivity (dS m-1) 2.83 

Total nitrogen (%) 1.39 

Phosphorus (ppm) 207.1 

Potassium (ppm) 860.3 

Carbon/nitrogen ratio (%) 22.5 

Calcium (ppm) 3531 

Magnesium (ppm) 773.4 

Sodium (ppm) 66.4 

Apparent density (g cm-3) 0.51 

Textural class (%) sand - 

(%) clay - 

(%) silt - 

Soil Laboratory of the Faculty of Agricultural Sciences. Data 2017. 
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Development of the field experiment 

 

A fallow and a harrow pass were made on June 21, 2017. The 90 cm wide furrows were formed 

with a yoke of horses. On June 1st the tubers were immersed for five minutes in water+Celeste 

(fludioxanil, control of Rizoctonia solani)+Bactrol (streptomycin, control of Erwinia carotovora) 

and Tecto 60 (Thiabendazole, control of Fusarium spp.). The manual seeding was carried out on 

July 1st and consisted of depositing the tubers at a depth of 15 cm and at a distance between them 

of 20 cm, then covered using the yoke. Fertilization was carried out in two stages: when planted, 

2, 3 and 4 t ha-1 of chicken manure and 154 N-356 P-60 K were applied, in the latter they were 

used for 600 kg ha-1 of diammonium phosphate (18 N-46 P- 00 K), 100 kg of urea, 400 kg of simple 

calcium phosphate superphosphate and 100 kg of potassium chloride. 

 

On September 2, 200 kg ha-1 of urea, 200 kg of potassium chloride and 400 kg of simple calcium 

phosphate were applied per ha. Post-emergence weed control was done on July 20 with Titus CE 

(Rimsulfurom), applying in a band of 75 to 100 g ha-1. The two hives were carried out on August 

12 and September 2, to control weeds and prevent pests such as blind hen (Phyllophaga sp.). To 

prevent damage by nematodes (Globodera rostochiensis and Meloidogyne sp.) CYREN 5% G 

(Chlorpyrifos ethyl) was applied, mixed with fertilizers. 

 

To combat whitefly (Bemisia tobacco and Trialeurodes vaporariorum), Paratrioza (Bactericera 

cockerelli) and cutworms (Agrotis sp., Trichoplusia ni, Spodeptera sp.), alternate sprays of 

insecticides were carried out. To prevent and control diseases such as late blight (Phytophthora 

infestans), early blight (Alternaria solani) and black crust (Rizoctonia solani), 12 applications were 

made with different systemic and contact fungicides. The foliage was cut 100 days after sowing 

and the harvest was made 20 days after the foliage was removed. 

 

In 10 plants of the useful plot plant height was recorded (AP, in cm, from the base of the main stem 

to the apex), stems per plant, tubers per plant (NT), tuber weight per plant (PT, in g), foliage weight 

in fresh (PFF, in g), harvest index (IC, quotient between agronomic and biological performance), 

tuber length and diameter (LT and DT, in cm), and yield per hectare (Rha, in t ha-1). 

 

Statistical analysis 

 

An analysis of variance was performed and when the F values were significant, a comparison of 

treatment means was made with the Tukey test (p= 0.01). Both techniques were described by 

Martínez (1988). The analysis of principal components, also called biplot treatment x variable, was 

described by Sánchez (1995); Pérez et al. (2010). 

 

Results and discussion 
 

Variance analysis 

 

In the present work it was observed that the experimental area was homogeneous (Table 5), because 

the effects between repetitions were only significant in fresh foliage weight (PFF) and harvest index 

(IC). The effects caused by chicken manure (factor A) were only detected in tuber weights per plant 

(PT), PFF and yield per hectare (Rha), which coincides with that published by Seminario et al. 
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(2017). Among cultivars (factor B) in plant height (AP), stems per plant (NTP), number of tubers 

(NT), PT, PFF, IC and tuber length (LT), there were significant effects (p= 0.01). The AxB 

interaction was significant in tuber weight (p= 0.01) and PFF (p= 0.05). These results are similar 

to those reported by Pérez et al. (2009); Pérez et al. (2010); Seminario et al. (2017). The 

coefficients of variation changed from 6.7 (LT) to 31.48% (Rha). 

 
Table 5. Mean squares and statistical significance of the values of F 

FV GL AP NTP NT PT PFF IC Rha DT LT 

Repetitions 2 56.29ns 0.028ns 3.214ns 19.090ns 19595.68* 0.0127** 1.071ns 0.227ns 1.359ns 

Treatments (15) 113.43** 0.191** 60.256** 41036.06** 70917.93** 0.0152** 36.103** 0.382ns 2.284** 

Chicken 

manure (A) 

3 16.31ns 0.016ns 4.753ns 88221.44** 32038.85** 0.0023ns 165.242** 0.251ns 0.404ns 

Cultivars 

(B) 

3 452.08** 0.529** 286.8** 49637.1** 277566.35** 0.0635** 2.184ns 0.457ns 10.099** 

AxB 

interaction 

9 32.92ns 0.137ns 3.242ns 22440.59** 14994.81* 0.0034ns 4.364ns 0.4ns 0.306ns 

Error 30 20.74 0.068 1.764 7039.4 4961.52 0.00198 2.476 0.469 0.523 

Total 47          

Average  34.4 1.72 9.85 605.64 330.72 0.657 17.21 5.33 7.9 

CV (%)  13.34 15.26 13.48 13.85 21.29 6.77 9.1 12.84 9.15 

*= significant at 0.05; **= significant at 0.01; ns= not significant; FV= source of variation; GL= degrees of freedom;  CV= 

coefficient of variation; AP= plant height; NTP= no. of stems per plant; NT= no. tubers per plant; PT= tuber weight per 

plant; PFF= fresh foliage weight; IC= harvest index; Rha= yield per ha; DT= tuber diameter; LT= tuber length (LT). 

 

Comparison of chicken stockings (factor A) 

 

The effect of the chicken manure was not significant in plant height (AP), stems per plant (NTP), 

tubers per plant (NT), harvest index (IC), diameter (DT) and tuber length (LT) (Table 6). 

 

For tuber weight per plant (734.1 g, PT), fresh weight of the foliage (400.71g, PFF) and yield per 

hectare (22.61 t ha-1, Rha) there was better response when applying 4 t ha-1 of chicken manure and 

this dose differed statistically from minor and chemical fertilization. The latter and the highest dose 

differed by 8.38 t ha-1 (Table 6). Carter et al. (2004) noted that the increase in yield is due to a 

higher production of tubers, which is favored by a higher content of organic matter, phosphorus 

and cation exchange available in chicken manure. 

 
Table 6. Comparison of means between fertilizers (factor A). 

Fertilization AP NTP NT PT PFF IC Rha DT LT 

F1 35 a 1.7 a 10.17 a 563.21 b 278.89 b 0.67 a 14.23 c 5.17 a 7.97 a 

F2 34.84 a 1.68 a 9.08 a 567.86 b 333.06 ab 0.63 a 15.44 bc 5.28 a 7.79 a 

F3 35.1 a 1.73 a 9.62 a 557.42 b 310.23 b 0.65 a 16.84 b 5.52 a 7.71 a 

F4 32.65 a 1.76 a 10.51 a 734.10 a 400.71 a 0.66 a 22.61 a 5.34 a 8.13 a 

DMSH 5.05 0.29 1.47 93.13 78.19 0.04 1.74 0.76 0.8 

The means with the same letter within each column is statistically equal (Tukey, p= 0.01). AP= plant height. NTP= 

number of stems per plant; NT= number of tubers per plant; PT= tuber weight per plant; PFF= fresh foliage weight; 

IC= harvest index; Rha= yield per hectare; DT= tuber diameter; LT= tuber length. 
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Lima et al. (2000) when evaluating organic fertilizers and chemical fertilizers reported that for each 

ton of chicken manure applied there was an increase in tuber yield of 1.468 t over 40.752 t. Zamora 

and Rodríguez (2008) estimated 32 t ha-1 when fertilizing with organic fertilizers and Rodríguez 

and Ortuño (2007) recorded from 11.53 to 15.93 t ha-1 with application of arbuscular mycorrhizae 

in interaction with organic fertilizers. Corzo and Moreno (2003) mentioned that the main element 

responsible for the mobilization of the starch from the leaves towards the tuber is potassium, in 

such a way that a good availability of this nutrient is decisive for obtaining a high yield and better 

quality. 

 

Comparison of means between cultivars (Factor B) 

 

In Fianna, the highest plant height (41.89 cm) was recorded. These results are contrasting with 

those of Zamora and Rodríguez (2008) and Buchanan (1993) (Table 7). Rosita, Creole variety and 

Ágata, improved variety, produced two stems per plant and differed statistically from Fianna and 

Lucero. These results are similar to those of Devaux et al. (1997). Number of stems is closely 

related to tuber size and population density (Van der Zaag et al., 1990; Masarirambi et al., 2012). 

Rosita produced 17.15 tubers per plant. This characteristic is genetically controlled and depends 

on the number of stems per plant (Estrada, 2000), in this study this variety obtained more stems 

per plant, but shorter tuber length. The results are contrasting with those of Luna et al. (2015), who 

reported 5.91 for Rosita and 9.35 for Libertad. Pérez et al. (2009) reported quantified from 3.75 to 

5.23 in 17 potato genotypes (Table 7). 

 
Table 7. Comparison of means between cultivars (factor B). 

Cultivars AP (cm) NTP NT PT (g) PFF (g) IC Rha (t) DT (cm) LT (cm) 

Fianna 41.89a 1.61b 7.21b 598.84 a 305.26b 0.66 a 16.92a 5.49a 8.83a 

Ágata 36.26b 1.78ab 8.05b 655.04 a 271bc 0.71a 17.88a 5.49a 8.5a 

Rosa 32.15bc 1.98a 17.15a 651.49ab 548.74a 0.55b 17.29a 5.1a 6.87b 

Lucero 27.27c 1.5b 6.97b 517.21b 197.89c 0.70 a 17.04a 5.24a 7.41b 

DMSH 5.05 0.29 1.47 93.13 78.19 0.04 1.74 0.76 0.8 

The means with the same letter within each column is statistically equal (Tukey, p= 0.01). AP= plant height. NTP= 

number of stems per plant; NT= number of tubers per plant; PT= tuber weight per plant; PFF= fresh foliage weight; 

IC= harvest index; Rha= yield per hectare; DT= tuber diameter; LT= tuber length. 

 

The tuber weight per plant (PT) in Ágata and Rosita was 655.04 and 651.49 g, respectively, and 

both differed statistically from Lucero and Fianna. This behavior could be explained by the genetic 

differences between cultivars, especially those related to their biological cycle; Rosita is late and 

the other three are precocious. Pérez et al. (2010) reported values of 627.38 to 204.13 g and 

Seminario et al. (2017) from 68.3 to 987.3 g (Table 7). Rosita had the highest fresh weight of 

foliage (548.74 g) and statistically differed from the rest. These results contrast with those of Pérez 

et al. (2009), who registered from 111 to 280.2 g. 

 

Fianna, Lucero and Ágata had harvest rates (66, 70 and 71%) statistically higher than Rosita (50%). 

These results are similar to those obtained by Rojas and Seminario (2014, between 53 and 77%). 

Currently, plant breeders have given greater importance to the increase of the harvest index since 

a greater partition of biomass to the tubers will contribute to a higher yield per hectare. Pérez et al. 

(2009) reported values of 38 to 72.22%. 
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The previous results show that potatoes are very efficient in the transformation of inputs, water and 

light to green or dry matter and specifically, to the production of tubers per plant and per hectare. 

In yield per hectare the four cultivars showed a similar behavior. These yields were obtained under 

temporary conditions but were lower than the national average (24.40 t ha-1) and the state average 

(29.71 t ha-1). In the High Sierras and Valleys of Mexico, the yield potential is lower in relation to 

those obtained in the North of the country and in the Bajio region (Table 7). 

 

The four cultivars were statistically equal in tuber diameter, results similar to those reported by 

Luna Ágata, (2015). Fianna (8.83 cm) had a longer tuber length, but it was similar to that of Ágata 

(8.50 cm) and both differed statistically from Rosita (6.87 cm) and Lucero (7.1 cm). This 

characteristic is very important for the fresh market and for the agroindustry; in the first, 

dimensions between 4.5 and 5 cm are required and for fried foods they must be greater than 6.5 

cm. These values agree with those obtained in the present work and Ágata and Lucero are 

recommended for industrial use, Fianna is dual purpose and Rosita is preferred for fresh 

consumption. With the application of the scale proposed by Macías et al. (2006), the tubers 

obtained in the present study were classified in first category. 

 

Principal component analysis 

 

Major components 1 (43.21%) and 2 (25.98) explained 69.19% of the original total variability 

(Figure 1). These percentages are desirable to reliably interpret the approximate correlations 

observed in the biplot, as suggested by Sánchez (1995); Pérez et al. (2014), among others, the 

closest approximation between cultivars and variables indicates a close relationship between them. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Biplot between treatments (cultivar + fertilizer in number) and agronomic variables (in 

letter) based on components 1 and 2. 

 

Tuber yield correlated positively and significantly with most of the variables. CP1 was determined 

mainly by tuber weight (PT), stems per plant (NTP), fresh foliage weight (PFF), tuber yield (Rha) 

and tubers per plant (NTP). In other studies, similar results have been observed (Rousselle et al., 

1999; Estrada, 2000; Caceres, 1971). In Quadrant 1 it was observed that treatment 15 (cv. Rosita 
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in 4 t ha-1 of chicken manure) showed a positive association with yield and with its main 

performance components (Romero et al., 2000). This fact partially corroborated the results that 

were previously shown when their arithmetic averages were compared with the Tukey test. The 

chicken manure is one of the organic fertilizers that help to improve the biological properties of 

the soil (Estrada et al., 2004; Orozco and Thienhaus, 1997), but also contributes to the increase in 

the acidity of the soils, particularly those of volcanic origin, as those that predominate in the study 

area. The adaptation of the potatoes to the High Valleys of Central Mexico has made this species 

an important alternative for producers. 

 

Conclusions 
 

The cv. Rosita (24.38 t ha-1) and Ágata (23.85 t ha-1), both in 4 t ha-1 of chicken manure, were the 

best. In 4 t ha-1 of chicken manure there were more stems and greater tuber weight, fresh weight of 

the foliage and yield of tuber. The cv. Rosita and Ágata expressed the best characteristics in stems 

per plant, weight of tuber, and fresh weight of the foliage; the first had the highest number of tubers 

per plant. The cultivars Fianna, Ágata and Lucero excelled in harvest index. The taller plants also 

produced tubers of longer length and diameter. Major components 1 and 2 explained 69.19% of 

the original total variation. 
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