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Abstract

Substrates of organic materials (agricultural waste) that provide physical benefits to soils in texture, granulometry, apparent 
density, real density, porosity, infiltration and moisture retention in agricultural soils. The importance of applying these substrates 
to soils has a great impact on moisture retention, which can help in the comprehensive use of water, improving time and water 
consumption, in irrigation applied to high-demand crops, such as corn. sorghum among others. There is a wide variety of methods 
to evaluate retention, such as Green and Ampt, Kostiacov, among others.

In this evaluation, the stove method and the TDR-300 method were used, using three treatments T1-Control, T2- soils+10 g of 
substrate, T3- soils+20 g of substrate, T4- soils+30 g of substrate with three repetitions, applying the statistical error, of which in 
the two methods the 45% humidity in both methods were very similar in results, their physical characteristics also behaved in a 
similar way with a minimum variation of 2%, the increase of water was gradual, the greater the amount of substrate, the greater the 
retention, this substrate can be a viable alternative for the farmer to retain moisture in agricultural soils and help minimize the cost 
of water used to produce food in the world.
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Introduction
 The substrate is above all the porous medium in which the 

plants are anchored, which must satisfy their physical, chemical 
and biological needs [1]. A good substrate is understood to be a 
medium that is permanently characterized by a high retention ca-
pacity of available water and its porosity [2]. In Mexico, grain pro-
duction requires water consumption, which has increased in recent 
years [3], specifically in corn and sorghum in the northern area of 
Sinaloa. That is why the importance of this research is to reduce 
the amount of water in gravity irrigation, applying new methods of 
moisture retention, there are many materials such as agrolite, co-
conut fiber gels, among others, which are high cost and difficult to 
process, the retainer used is easy to process and low cost, since due 
to the large amounts of cellulose that exist in the area (agricultural 
waste) mentioned [4].

There are methods to evaluate information, such as kostiakov, 
palaces, Green and ampt among others. These methods are applied  

 
with physical variables with a high degree of complexity [5]. In infil-
tration soil physics studies, Lugo [6] mentions the high reliability of 
the use of the TDR-300 method in measuring humidity. This work 
aimed to evaluate and quantify the amount of water retained in a 
clay loam soil for two methods (TDR-300 and stove), applying dif-
ferent doses of organic substrate, knowing its physical properties, 
resulting in up to 30% moisture retention in a soil, this means that 
it would be of great support in gravity irrigation, prolonging the 
irrigation time which would reduce water consumption for grain 
production in Sinaloa.

Materials and Methods
This evaluation was carried out in the municipality of Burrion-

cito, Guasave, Sinaloa Mexico in two stages; The first stage was the 
preparation of materials, which consisted of determining the wei-
ght of the samples used with Hanna laboratory scales, subsequently 
the particle size of approximately 6 mm was determined and they 
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were mixed with a clay loam soil at the Higher Technological Insti-
tute of Guasave (ITSG) and Irrigation Research and Postgraduate 
Department of the Autonomous University of Chapingo in respecti-
ve laboratories, in the second stage the retention of available water 
was evaluated by the De Bolt method and a comparison was made 
with other materials that exist in the market (agrolite and tezontle), 
collect the materials, wash them with deionized water, dry them at 
room temperature, crushing and sieving them until obtaining a par-
ticle size of approximately 6 mm, weighing them and adding them 
to 1 liter transparent plastic cups, then saturating them with water 
and weigh the three treatments in homogeneous conditions,by the 
[7] method , carrying out moisture retention studies (curves) in 
order to obtain data for its application of gravity irrigation in clay 
loam soils, on this occasion soil samples were and taken to the labo-
ratory, where studies of physical properties were carried out such 
as: texture, real density, apparent density and total porosity, the va-
riables that were measured directly in the laboratory for each treat-
ment with its three repetitions were: apparent density ρb (paraffin 
method), hydraulic conductivity 𝐾𝑠 (constant load permeameter),
total porosity Ø, initial humidity (gravimetric method) , real density 
ρa (pycnometer method), effective saturation (𝑆𝑜), texture (Day’s
method), humidity at field capacity (CC), humidity at the perma-
nent wilting point (PMP) and the retention curve of humidity this 
with the purpose of expanding the data information in retention. of 
humidity, subsequently a 3x3 experimental design was carried out, 
taking as reference a pure control soil treatment 1 (T1), treatment 
2 (T2) soil+20% organic substrate and treatment 3 (T3) soil+40% 
organic substrate. Se aplicó material procesado (MO) mediante 
pirolisis y no procesado (material orgánico sin ninguna modifica-
ción), e hidrogel (H) sintetizado a partir de pectinas del extracto del 
fruto de tejocote, mediante hidrólisis ácida.

Properties Evaluated
Moisture Stress Curves

To determine moisture tension curves, soil samples were taken 
on an agricultural property in Burrioncito ejido, Guasave, Sinaloa. 
Organic substrates were added to these samples. The same ones 
that were evaluated in the soil physics laboratory of the Autono-
mous University of Chapingo applying the Prado methodology [8].

Soil Physical Properties’

werevaluations of the physical properties of the soil were cal-
culated in the three treatments, the variables were: texture, real 
density (ρb), apparent density (ρa), hydraulic conductivity (K𝑠 ), or-
ganic matter (OM), capacity of field (CC), permanent wilting point 
(PMP), [9]. Once these physical parameters were determined, the 

texture was carried out using the Boyocus method, resulting in 26% 
sand, 39% clay and 35% silt, giving the texture Grenn and Ampt 
[10] clay loam.

Validation with TDR-300

Once the samples were homogenized in about three soil spaces 
of 1m 2 control, treatment 1 and treatment 2, material % was calcu-
lated. used per kilogram of soil and each of the samples was added 
and homogenized. Subsequently, the water saturation process was 
carried out, applying gravity irrigation in a normal way, it was left 
to rest for 24 hours and the humidity was calculated with the pre-
viously calibrated TDR-300 equipment, in three repetitions of each 
treatment according to the methodology of [6].

Stove Method Validation

Once the samples were homogenized, one kilogram of control 
soil (T1), one kilogram of soil+20 g of organic substrate (T2), one 
kilogram of soil+40g of organic substrate (T3), the three samples 
were homogenized and They were added in plastic containers with 
a volume of 2liters in which a steel rod support equipment was 
used, this in order to place another container that would determine 
the infiltrated water for measurement. Once all the materials were 
installed, a liter of water to each treatment with their respective 
repetitions of letting it rest for 24 hours and samples were taken 
to take them to the oven and calculate the humidity in each sample 
(ISO. 1993).

Statistical Data Analysis

For the statistical analysis, it was carried out to obtain the ave-
rage values validated with a 3x3 experimental design, three treat-
ments (soil T1, soil+20 g organic substrate T2 and soil+40 g organic 
substrate T3, with three repetitions, the parameters minimum va-
riance and maximum and coefficient of variation (C. V) and ANOVA. 
Used Sigma Plot (version 14).

Results and Discussion
Moisture Stress Curve

In Figure 1 you can see the moisture retention behavior of the 
three validated treatments. Treatment T1 is the one that had the 
lowest retention compared to T2 and T3, below 30%. This sugge-
sts that the accumulation is gradually the more material used there 
is a greater retention, the field capacity point (CC) and the perma-
nent wilting point is totally different, the greater the number of or-
ganic substrates each variable increases the validation of organic 
substrates that improve soil properties can be of great support to 
the productive sectors in saving water in irrigation management 
mainly by gravity [11].
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Figure 1: Soil moisture tension curves applying organic substrates with different doses.

Physical Properties

To determine the physical properties of the soil with organic 
substrates, they were validated according to the method of Green 
and [10], as indicated by [12]; These values are shown in Table 1, 
where it can be seen that the values are modified according to the 
control that contains pure soil, according to the application of orga-

nic substrates, the value of the apparent density and total porosity 
of each treatment changes, gradually improving moisture retention 
up to 30%. According to the hydraulic conductivity, a homogene-
ous difference is marked in the three treatments. As [13] mentions, 
adding organic substrates modifies physical properties such as 
apparent density, porosity and moisture retention, among others, 
generating a difference between the values.

Table 1: Physical properties of the soil with different doses of moisture-retaining organic substrate.

Parameters Symbol Treatment 1 Treatment 2 Treatment 3

Density apparent (g cm-3) ρb_ 1.31 1.07 1.11

density (g cm-3) ρa 2.53 2.5 2.58

porosity (cm) η 0.52 0.61 0.59

Conductivity hydraulic (mm 
h-1) KS 4.8 7.9 5.6

Field capacity (cm3 cm-3) θDC 0.41 44 0.37

Permanent wilting point 
(cm3 cm-3) θPMP 0.13 0.15 0.14

Organic matter (%) M.O. 12 15 17

Validation of TDR-300 Methods and Stove Methods

In Figure 2 you can see the differences of the treatments vali-
dated in the field and laboratory according to the results are very 
similar, in treatment T1, you can see that the data have a very simi-
lar behavior, this indicates that the two methods applied are very 
effective in retaining moisture by applying it firmly, it can be said 

that organic substrates, organic waste materials can be a solution 
in retaining moisture for agricultural use, improving its use and sa-
ving irrigation flows. As [14] mentions, TDR sensory equipment is 
highly efficient; these tools firmly monitor each value validated in 
soil moisture retention systems. To determine the humidity in soils 
and materials according to the stove method, the method described 
by [15] was applied.
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Figure 2: Evaluation of volumetric humidity in a clay loam soil applying different doses of organic substrate and different methods.

Statistical Error

The variation between the samples according to the two 
methods was very low, which indicates that it is exact with the 
coefficients of variation determined in the statistical study. As an 
example of a coefficient of variation of 0.17 to 47% in moisture re-
tention for the control, for treatment 2 it was 0.16 to 0.34% and 
for treatment 3 it was 13 to 30%. from which it is deduced that the 
coefficients of variation (CV) found in the validated treatments are 
high and their credibility and firmness are precise to be applied in 
agricultural soils. Likewise, it can be mentioned that the substrates 
retain moisture and may be viable for agricultural use Lugo (2022). 
According to the analysis of variance (ANOVA) to observe the sta-
tistical difference in the results, they reflected the normality and 
equality of variances of the studied groups corresponding to each 
modality. This allowed the analysis of variance to be carried out. 
The results of the ANOVA indicate that there are no significant dif-
ferences in the average scores of the two methods studied [16-18].

Conclusions
With the firmness that there is a gradual moisture retention 

according to the application of organic substrates, it can be conclu-
ded from the results obtained by the TDR-300 method and the oven 
method, they increased moisture retention up to 30% in gradually 
according to the variability shown in statistical studies. Where it is 
efficient according to the control, this indicates that it can be used 
according to the needs of the crops in their gravity irrigation, im-
proving moisture retention and their physical properties such as 
apparent density and porosity.

Conflict of Interest
None.

References
1. Urrestarazu GM (2000) Bases and systems of soilless crops. Manual of 

Soilless Crops 5: 51-94.

2. Lugo Valenzuela H, Pineda Pineda J, Prado Hernandez JA, Vazquez Peña 
MA, Velazquez Lopez N (2023) Hydrodynamic effect and production of 

corn (Zea mays L) in a clay loam soil with the application of an organic 
additive in Guasave Sinaloa Mexico. Biotechnology 24: 14-22.

3. (2022) Agricultural and fisheries information service- SIAP, 2022. 
Sinaloa agri-food panorama.

4. National Water Commission- Conagua (2020) Agricultural hydrometric 
statistics and grain production of corn, sorghum, beans and chickpeas of 
the Mexican Republic. 2021, Mexico.

5. Kostiakov A (1932) On the dynamics of the coefficient of water 
percolation in soils and on the necessity of studying it from a dynamic 
point of view for purposes of amelioration. International Society of Soil 
Science 6: 17-22.

6. (2022) Infiltration evaluation with TDR-300 equipment and the model 
Green and Ampt in soil with organic additive in Guasave Sinaloa, Mexico. 
Biotechnology 24: 14-22.

7. De Boodt M, Verdonck O CI (1974) Methods for measuring the water 
release curve of organic substrates. Acta Horticulturae 37: 2054-2062.

8. Prado Hernández JV, Pascual Ramírez F, Cristóbal Acevedo D, Carrillo 
García M, Hernández Saucedo, et al. (2017) Evaluation of Green and 
Ampt infiltration equation in some agricultural soils in México, using 
USDA information and a modified method from Brooks and Corey. 
Interciencia 42(9): 563-569.

9. Ravazzani D, Ricart S, de Cartagena FR, Monserrat JJM, de Lima I, et al. 
(2018) Prospects for improving gravity-fed surface irrigation systems in 
mediterranean European contexts. Water 9(1): 20-27.

10. Green WH, y Ampt G (1911) Study in soil physics I. The flow of air and 
water through soil. The Journal of Agriculture Science 4: 1-24.

11. Rallo G, Agnese C, Minacapilli M, Provenzano G (2015) Comparison of 
SWAP and FAO agro-hydrological models to schedule irrigation of wine 
grape. Journal Irrigation and Drainage 12: 581-591. 

12. (2022) Hydrodynamic effect and corn (Zea mays L) production in a clay 
loam soil with the application of an organic additive in Guasave, Sinaloa, 
Mexico. Biotechnology 24: 14-22.

13. Moret FD, B Latorre (2016) Estimate of the soil water retention curve 
from the sorptivity and β parameter calculated from an upward 
infiltration experiment. Journal of Hydrology 22: 95-98.  

14. Schindler U, Durner W, von Unold G, Müller L (2010) Evaporation 
method for measuring unsaturated hydraulic properties of soils. Science 
Society of America Journal 74(4): 1071-1083.

15. Thompson LM, Troeh FR (1988) Los suelos y su fertilidad. Editorial 
Reverte.



Am J Biomed Sci & Res

American Journal of Biomedical Science & Research

Copyright© Homero Lugo Valenzuela

455

16. ISO 11465:1993(E). Soil quality. Determination of dry matter and water 
content on a mass basis-Gravimetric method.

17. Pine da ML (2011) Monitoring water retention and adsorption 
in substrates of different particle sizes. Thesis Master of Science 
Postgraduate College. Montecillo, Texcoco, State of Mexico. Pa 73.

18. Mun S, Sassenrath GF, Schmidt A, Lee N, Wadsworth MC, et al. (2015) 
Uncertainty analysis of an irrigation scheduling model for water 
management in crop production. Agriculture Water Management 155: 
100-112.


