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Abstract

During the last ten years, the agricultural area in southern Sonora, Mexico, has had greater hourly temperature
oscillation associated to the growth cycle of common bean sown during the fall. The objective of this work was to
evaluate the thermal impact caused by the high frequency of extreme temperatures on production of commercial bean
during the fall-winter season 2021-2022. Four commercial fields were selected based on the irrigation system used
(drip and gravity), two in each of the Yaqui and Mayo Valleys. Weather data were recorded by the automated weather
station network of Sonora closest to each field and also from digital sensors installed within the crop. The results
obtained indicated that the temperature recorded with the digital sensor, provided better relationship with the data
taken in the commercial bean fields than the temperature recorded by the weather stations. The periods of extreme
temperature = 33 °C affected production of trifoliates, flowers, and pods in both cultivars evaluated Pinto Saltillo and
Azufrado Higuera. The highest grain yield 3,860 kg ha-! was obtained in the drip irrigated field in the Mayo Valley with
a total water sheet of 42 cm, followed by the gravity irrigated field in the Yaqui Valley with 3,560 kg ha'! and a total
water sheet of 62 cm.
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1. Introduction

Common bean (Phaseolus vulgaris L.) is a primary component in human consumption in many countries. For a number
of yearsinthe 2010°s, Brazil led bean production with 16%, followed by India (15.9%), Myanmar (10.5%), China (8.9%),
and Mexico (5.8%) [1]. During the period 2003-2016, Mexico has shown a reduction in the area sown with bean
(20.01%) as well as in productivity (23.05%) [2]; although the per capita consumption of bean in Mexico is 9.9 kg and
production in 2016 was 1.08 million t which covered 89.24% of the domestic consumption, and the rest was supplied
by importations from the United States (84.07%), Canada (13.47%), and China (2.05%). The production of bean in
Mexico is based on the sowing season (spring, spring-summer, and fall-winter), if it is cultivated under rainfed
conditions (76.07%) or irrigated, and on socioeconomics either for subsistence farming or for business agriculture [3].
The main bean types sown and consumed are: national and american pinto, regional azufrado and peruvian azufrado,
flor de mayo, flor de junio, negro and bayo [4]. Common bean production in Mexico during the spring-summer season
2020 under irrigation and rainfed conditions was 729,337.97 t, from an area of 1,314,933.40 ha in 29 states with an
average yield of 0.55 t ha'l; the state of Zacatecas had the largest area sown with bean (639,850.50 ha) [5]. In the state
of Sonora during the fall-winter 2020-2021, there were 8,695 ha harvested with a production of 20,038.93 t ha't and an
average yield of 2.3; in southern Sonora during the fall-winter 2021-2022, there were 3,420 ha, 62% sown in the District

* Corresponding author: Guillermo Fuentes-Davila, E-mail:fuentes.guillermo@inifap.gob.mx
INIFAP, Campo Experimental Norman E. Borlaug, Apdo. Postal 155, km 12 Norman E. Borlaug entre 800 y 900 Valle del Yaqui, Cd.
Obregon, Sonora, México.

Copyright © 2022 Author(s) retain the copyright of this article. This article is published under the terms of the Creative Commons Attribution Liscense 4.0.


http://creativecommons.org/licenses/by/4.0/deed.en_US
https://wjarr.com/
https://doi.org/10.30574/wjarr.2022.16.2.1239
https://crossmark.crossref.org/dialog/?doi=10.30574/wjarr.2022.16.2.1239&domain=pdf

World Journal of Advanced Research and Reviews, 2022, 16(02), 1037-1047

038 (Navojoa-Mayo Valley) and 38% in the District 041 (Cajeme-Yaqui Valley), and the average grain yield was 2.23 t
ha' [6].

In southern Sonora, farmers use several ways for irrigation: flooding, furrow (the most common), drip, center pivot,
frontal move, and spray irrigation [7]. In the case of beans which have increased in area in the last few years [8], farmers
use primarily furrow irrigation and secondly drip irrigation. The most important bean diseases in the state of Sonora
are dumping off [Macrophomina phaseolina (Tassi) Goid., Sclerotium rolfsii Sacc., Rhizoctonia solani Kiihn, Fusarium
solani (Mart.) Sacc. and F. oxysporum Schlechtend.:Fr. f. sp. phaseoli Kendrick & Zinder], white mold [Sclerotinia
sclerotiorum (Lib.) de Bary], rust [Uromyces appendiculatus (Pers.:Pers.) Unger], powdery mildew (Erysiphe polygoni
DC), halo blight [Pseudomonas syringae pv. phaseolicola (Burkholder) Young, Dye & Wilkie], common bacterial blight
[Xanthomonas axonopodis pv. phaseoli (Smith) Vauterin, Hoste, Kersters and Swings], Bean common mosaic virus, Bean
southern mosaic virus, Bean chlorotic mosaic virus, Bean golden yellow mosaic virus, Pumpkin leaf curly, and rust
caused by the fungus Uromyces appendiculatus var. appendiculatus [9,10,11].

Since the temperature tendency to rise during the crop season, based on weather data from the las 10 years [12], it is
important to consider the harmful effect on crop production by this climatic variance. It has been reported that the
thermal range of bean growth is between 10 and 27 °C, with an optimum of 15 to 20 °C [13]; Baradas [14] indicates that
the thermal range for bean growth is between 10 and 30 °C, with an optimum of 16 to 24 °C, while Hall [15] reported
that the optimum temperature for growth ranges from 15.6 to 21.1 °C, the maximum being near 27 °C and the minimum
near 10 °C. Padilla-Valenzuela et al. [9] reported that in southern Sonora the optimum thermal level for bean growth
and production cycle is between 16 to 28 °C. According to its area of domestication and production, common bean is a
warm-season annual grown primarily in subtropical or temperate areas, in the highlands, or during the cool, dry season
in tropical areas [15]. Bean is a plant species highly sensitive to extreme temperatures; high temperatures induce
abscission of reproductive organs which in turn affect grain yield [16]. Bean tissue is often killed by short exposure to
freezing temperatures [15]. Extreme temperatures of 5 or 40 °C reduce flower production and cause sterility,
irreversible damage to the crop [17].

Therefore, it is preponderant to take into consideration the changing climatic regime, for crop seasons in the near and
medium term future, updating and defining the risk level that key agricultural practices like sowing dates and irrigation
management may represent, so that timely recommendations for technological changes could be provided to farmers
in order to achieve a sustainable production. The objective of this work was to evaluate the thermal impact on
production of commercial bean, associated to the damage caused by the high frequency of extreme temperatures for
sowing during the fall-winter crop season, under two irrigation systems.

2. Material and methods

This work was carried out in four commercial bean fields with progressive cooperating farmers, two in the Yaqui Valley
and two in the Mayo Valley in the southern part of the state of Sonora, Mexico, during the crop season fall-winter 2021-
2022. The bean cultivars used, the irrigation system, the sowing dates, and the periods of the reproductive stages are
shown in Table 1.

Table 1 Bean cultivars, irrigation system, sowing dates, and periods of the reproductive stages during the crop season
fall-winter 2021-2022, in the Yaqui and Mayo Valleys, Sonora, Mexico

Irrigation ) Sowing Reproductive stage?
localityy Cultivar dat - -
system/locality ate Flowering Pods Abortion
D-YV Pinto Saltillo Sep 17,2021 | Oct 22 - Dec 15| Oct 27 - Dec 22 |Nov 17 - Dec 15
D -MV Pinto Saltillo Sep 30,2021 | Oct 28 - Dec8 |Nov 01 -Dec15|Nov 11 -Dec15
G-YV Azufrado Higuera | Oct 10, 2021 | Nov 01 - Dec 8 | Nov 05 - Dec 15 | Not found
G-MV Azufrado Higuera | Sep 24,2021 | Oct 25 - Dec 15 | Oct 28 - Dec 15 |Nov 11 - Dec 15

yD= drip irrigation, G= gravity. MV= Mayo Valley, YV= Yaqui Valley; “Periods of detection.
The growth habit of bean cultivar Pinto Saltillo is indeterminate type III postrate with a short terminal guide without

climbing ability. Average height of the canopy is 38 cm and the terminal guide length 84. Flowering and physiological
maturity take place between 62 and 70, and between 115 and 123 days after sowing, respectively, under irrigated
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conditions, and between 48 and 59, and between 87 and 100 days, respectively, under rainfed conditions The seed is
medium in size with an average weight of 34 g for each of 100 seeds and it is highly resistant to oxidation; the seed is
truncate or fastigiate in shape, light cream with light brown spots (Figure 1A), and does not darken under storage from
1 to more than 2 years, and therefore, its shelf life is longer than other beans. Average protein content is 21%, and
cooking time is 80 min. The average grain yield under irrigation is 2,304 kg ha! and 1,139 under rainfed conditions.
Pinto Saltillo is tolerant to anthracnose [Colletotrichum lindemuthianum (Sacc. and Magnus) Lams.-Scrib.], rust, damping
off, and bacterial blight [18,19,20,21].

Figure 1 A) Seed of bean cultivar Pinto Saltillo; B) seed of bean cultivar Azufrado Higuera

Bean cultivar Azufrado Higuera has shown its greatest grain yield potential when sowing is carried out during the fall
in October in northwestern Mexico, and it has minor phytosanitary problems if sown at the end of September and
beginning of October. Growth habit is determinate type I, without terminal guide and produce a reduced number of
primary branches (4 to 6). The canopy height is 40 cm, and flowering and physiological maturity are reached in 42 and
104 days after sowing, respectively. This cultivar is tolerant to rust and to virus diseases. The experimental average
grain yield in four crop seasons in the northern part of the state of Sinaloa during the fall-winter is 3,183 kg ha1 [22].
The seed is strong yellow in color, retains its color 24 months after harvest (Figure 1B), the protein content is 21%, and
the cooking time is 50 min [23].

Figure 2 Bean fields of cultivar Pinto Saltillo, under A) drip irrigation and B) irrigation by gravity
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Fields with drip irrigation (Figures 2A and 3A) used Stream Line 8000 strips [24] with droppers separated 30 cm apart
from each other, which provide 0.89 liters per hour each. Beds were 0.50 m wide with two rows and the Netafim stream
line strips were separated by 0.8 m. The field with irrigation by gravity in the Mayo Valley (Figure 2B), had an irrigation
for seed germination and two complementary irrigations during the crop season with total water sheet of 48 cm, while
the field in the Yaqui Valley (Figure 3B), and additional third irrigation of 14 cm was applied. In these two fields beds
were separated by 0.8 m and had one row. Fields were located in Capetamaya and the experimental site (SEMAY) in the
Mayo Valley, and in blocks 1922 and 2110 in the Yaqui Valley.

A

Figure 3 Bean fields of cultivar Azufrado Higuera, under A) drip irrigation and B) irrigation by gravity

The number of plants, trifoliates, flowers and pods were recorded during the season. Bean grain yield from each field
was based on a sample of 1 m? and four random replications; plants were pulled out manually and let dry under the
sunlight during a week. The counts of reproductive structures and the average grain yields were related to the critical
threshold levels through the model for damage utilized by Félix Valencia et al. [25], through the analysis of variance [26]
and the mean comparison by Tukey’s test (p = 0.05).

Temperature data were obtained from the closest weather station to each field, and from the data obtained from the
digital sensors (Omega, serie OM-EL-WIN-USB, with Data Logger Software v7.2.1) installed within each field at the
canopy level. The stations belong to the automated weather station network of Sonora (REMAS). The weather variables
recorded in an hourly format were temperature and relative humidity.

3. Results and discussion

3.1. Comparison between temperature recorded by the weather stations and dataloggers within the crop

According to the model for damage utilized by Félix Valencia et al. [25], the periods recorded by days and continuous
hours with temperature equal or greater than 33 °C, initiated from October 27 up to November 17, 2021 (Table 2), and
the number of hours within that critical level during October and November, 2021, are shown in Table 3.

Table 2 Periods of risky temperature = 33 °C, in four commercial bean fields during the fall-winter season 2021-2022,
in the Yaqui and Mayo Valleys, Sonora, Mexico

Irrigation system/locality | Datalogger within the crop Weather station

Drip - Mayo Valley Oct 28 - Nov 10 | Nov 12 - 15| Oct 28 - Nov 09 | Nov 11 - 17

Drip - Yaqui Valley Oct 27 -Nov 07 [ Nov 13-16 Nov 14 - 16

Gravity - Mayo Valley Oct 28 - Nov 02 Nov 13 -16
Gravity - Yaqui Valley Oct 27 - Nov 11 Oct 28 - 30 Nov 01 -07 |Nov14-16
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The information provided in Table 2 between the weather stations closest to the fields of study and the dataloggers
within the crop, indicates that the latter recorded constant periods more congruent to the information obtained from
the fields than the temperature data recorded by the weather stations; for example, dataloggers recorded two risk
periods for fields with drip irrigation while the weather stations recorded two for drip irrigated field in the Mayo Valley
and one for field in the Yaqui Valley; for gravity irrigated fields, dataloggers recorded one risk period while weather
stations recorded one risk period for the field in the Mayo Valley and three for the field in the Yaqui Valley.

The total number of hours with continuous temperature = 33 °C recorded by the weather stations in fields with drip
and gravity irrigation in the Mayo Valley were 103 and 37, and 26 and 55 in the Yaqui Valley, respectively, while
dataloggers recorded in the same order 85 and 61, and 78 and 98 (Table 3). Therefore, the risk of the bean reproductive
stage was measured based on the data obtained from the dataloggers. However, under drip irrigation these digital
sensors recorded similar number of hours with continuous temperature = 33 °C between fields in both valleys, but those
under gravity irrigation had a greater difference.

Table 3 Number of hours with continuous temperature = 33 °C, recorded by the sensor and the weather stations closest
to each of four commercial bean fields, in the Yaqui and Mayo Valleys, Sonora, Mexico, under two irrigation systems,
during the fall-winter 2021-2022

. Drip - Mayo Valley Drip - Yaqui Valley | Gravity - Mayo Valley | Gravity - Yaqui Valley
Period W. station | Datalogger |W. station | Datalogger|W. station | Datalogger |W. station | datalogger
October 27 5 5
28 6 5 4 6 3 5 4 6
29 6 6 5 3 7 4 6
30 5 4 4 7 3 5
31 5 4 3 5 5
November 01 6 6 3 6 3 7 4 7
02 5 5 5 7 4 6 5 7
03 5 6 4 4 6
04 4 4 3 4 3 6
05 5 4 3 3 3 6
06 5 5 3 3 3 6
07 6 8 5 3 3 3 7
08 4 3 5
09 5 4 3 3 4 5
10 3 4
11 5 4
12 5 4
13 4 4 4 3 5
14 6 5 5 6 5 6 5 4
15 7 5 6 7 6 6 4
16 6 3 4 4 4
17 3
Total 103 85 26 78 37 61 55 98
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3.2. Relationship between the period of extreme temperature and production of flowers and pods

To determine the effect of the extreme high temperature on the production of trifoliates, flowers, and pods, a
representative sample was evaluated in each of the four fields from a one square meter.

3.2.1. Drip irrigation

Yaqui Valley. Bean cultivar Pinto Saltillo was sown on September 17, 2021, so the initial flowering stages and first pod
formation occurred between October 22 and 27, therefore, they were affected by extreme temperatures > 33 °C that
were present from October 27 to November 17 (Figure 4), although there were no extreme temperatures on November
8 and 10-12. This field had the lowest number of trifoliates (T), flowers (F), and pods (P), although, not the highest
number of abortions of F and P. The aborted P had a size ranging from 1 to 20 cm long. While 43 T, 27 F, and 30 P were
recorded in this field, 107, 36, and 96, respectively, were detected in the drip irrigated field in the Mayo Valley; in the
fields irrigated by gravity in the Yaqui and Mayo Valleys, there were 95, 46, and 88, and 168, 56, and 114, respectively.

The lowest production of T, F, and P could be attributed to deficient irrigation, since this field received 8 irrigations with
a total water sheet of 27 cm, 15 cm less than in the field with drip irrigation in the Mayo Valley and 35 and 21 cm less
than in the fields irrigated by gravity in the Yaqui and Mayo Valleys, respectively. Padilla-Valenzuela et al. [9] mention
that bean is highly sensitive to hydric deficit during flowering, because it causes a reduction in the root system due to
death of older roots, and the effect is irreversible. They indicate that for bean cultivated during the fall-winter in
northwest Mexico, requires about 34 cm and for the spring-summer crop season about 41. Efetha [27] reported that
dry bean grown under optimal conditions requires from 30 to 37.5 cm of water per growing season in southern Alberta,
Canada.

Mayo Valley. Bean cultivar Pinto Saltillo was sown on September 30, 2021, flowering started around October 28 and
from November 1 the first pods were produced. With the exception of November 11, extreme high temperature periods
occurred from October 28 to November 15 (Figure 5), with the consequent flower abortion as well as pods shorter than
5 cm. Registration of the number of abortions were taken from November 11 to December 15; pods shorter than 20 cm
were affected by the temperature lower than 33 °C after the extreme period, and were the most frequently found in the
ground. A high production of pods were observed after November 18 under sufficient irrigation.
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Figure 4 Occurrence of temperature = 33 °C during the reproductive stage of bean cultivar Pinto Saltillo, in a
commercial field under a drip irrigation system in the Yaqui Valley, Sonora, Mexico, during the crop season fall-winter
2021-2022
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Figure 5 Occurrence of temperature = 33 °C during the reproductive stage of bean cultivar Pinto Saltillo, in a
commercial field under a drip irrigation system in the Mayo Valley, Sonora, Mexico, during the crop season fall-winter
2021-2022

3.2.2. Gravity irrigation

Yaqui Valley. Bean cultivar Azufrado Higuera was sown on October 10, 2021. Flowering initiation and pod formation
were detected between November 1 and 5, period in which F and P detected were few in number, but after November
15, the crop escaped part of the extreme high temperature periods that occurred between October 27 and November
11 (Figure 6). There were no abortion of neither flowers nor pods during the whole reproductive stage (Table 1);
however, it is noteworthy a lower production of T, F, and P than the gravity irrigated field in the Mayo Valley (95, 46,
and 88, and 168, 56, and 114, respectively). This field had the highest water sheet with 62 cm.

Mayo Valley. Bean cultivar Azufrado Higuera was sown on September 24, 2021. Flowering initiation and pod formation
were detected between October 25 and 28. There were several periods of extreme temperature after October 28, with
a gap of one day between November 2 and 4, 5 and 7, 7 and 9, and three days between November 9 and 13, and after
November 14 (Table 3). The highest number of T, F, and P were detected between November 17 and December 1 (Figure
7).
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Figure 6 Occurrence of temperature = 33 °C during the reproductive stage of bean cultivar Azufrado Higuera, in a
commercial field under a gravity irrigation system in the Yaqui Valley, Sonora, Mexico, during the crop season fall-
winter 2021-2022
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Figure 7 Occurrence of temperature = 33°C during the reproductive stage of bean cultivar Azufrado Higuera, in a
commercial field under a gravity irrigation system in the Mayo Valley, Sonora, Mexico, during the crop season fall-
winter 2021-2022

3.2.3. Bean grain yield obtained by the irrigation systems and water sheets applied

The analysis of variance showed highly significant differences between localities, irrigation systems, and their
interaction. The coefficient of variation (CV= 6.5%) and the coefficient of determination (R? Adjusted= 0.96) showed
that the model is reliable. Mean comparison of grain yield (Table 4) showed that the drip irrigated field in the Mayo
Valley had the highest yield with 3,860 kg ha-1, followed by the gravity irrigated fields in the Yaqui and Mayo Valleys
with 3,560 and 3,040 kg ha-1, respectively (Figure 8). These results agree with the evaluation of Padilla-Valenzuela et al.
[9], where the grain yield of a drip irrigated field was 48% greater than a gravity irrigated field in southern Sonora; the
total water sheet used for the irrigated field was 29 cm, while for the gravity irrigated field it was 78 cm. It is evident
that the drip irrigated field in the Yaqui Valley did not fulfilled the expectations, since according to the cooperating
farmer, the system had leaks which ultimately affected the final outcome with only 1,340 kg ha-1.

Table 4 Mean comparison of grain yield from two fields sown with bean cultivar Pinto Saltillo under drip irrigation, and
two with Azufrado Higuerilla under gravity irrigation in the Yaqui and Mayo Valleys, Sonora, Mexico, during the crop
season fall-winter 2021-2022. Tukey (o= 0.05)

Locality |Irrigation system Cultivar Mean
Mayo Valley Drip Pinto Saltillo 0.386 A
Yaqui Valley Gravity Azufrado Higuera | 0.356 A
Mayo Valley Gravity Azufrado Higuera | 0.304 B
Yaqui Valley Drip Pinto Saltillo 0.134 C

LSD= 0.04045.

The differences among the water sheets applied influenced greater efficiency in the drip irrigated field from the Mayo
Valley, as the average number of pods in a one square meter was 655, followed by the gravity irrigated field in the Yaqui
Valley with 563, 480 for the field in the Mayo Valley with gravity irrigation, and 272 in the drip irrigated field in the
Yaqui Valley. The percentage of pods without grain, in the same order, were 2, 21.7, 22.5, and 28.7%, respectively.

The wide environmental adaptability reported in some edible bean types, indicates that some cultivars may stand
extreme temperatures between 5 and 40 °C [28], but the low production of trifoliates, flowers, and pods by cultivars
Pinto Saltillo and Azufrado Higuera showed that do not stand extreme high temperature (Figures 4-7). Barrios-Gémez
et al. [29] indicated that high canopy temperature reduced seed yield, final aerial biomass, number of pods per m?, and
weight of 100 seeds. Rainey and Griffiths [30] reported that a day/night temperature of 33/30 °C caused an average
reduction of 83, 63, 47, and 73%, in seed and pod number, mean seed weight and seeds/pod, respectively, during an
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evaluation of 24 common bean (P. vulgaris) genotypes; however, a day/night temperature of 30/27 °C may be used to
screen for genotypes with moderate heat tolerance, since some showed stable yields. They indicated that data will help
to use nonallelic heat tolerance genes in the development of bean cultivars grown in high temperature environments.
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Figure 8 Grain yield of bean cultivars Pinto Saltillo and Azufrado Higuera in the Yaqui (YV) and Mayo (MV) Valleys,
under drip (D) and gravity irrigation (G), during the crop season fall-winter 2021-2022 in the state of Sonora, Mexico

Grain yield (kg ha'')
Watersheet (cm)

Itis highly important the availability of sufficient water to the plant, since the drip irrigated field in the Mayo Valley with
a total water sheet of 42 cm, had a grain yield greater than the two gravity irrigated fields in the Yaqui and Mayo Valleys
with 62 and 48 cm, respectively, which in turn physiological responses are triggered. Bean leaves are plant organs more
affected by intermittent drought stress [31], and water deficit at the beginning of the crop growth [vegetative growth
(V1-V2) stage], dramatically reduce dry bean growth and development, and result in a significant reduction in seed yield
[32]. Martinez et al. [33] found that after subjecting several bean cultivars to two frequencies of irrigation (every 7 and
21 days), there was a strong negative correlation between the drought resistance index (DRI) and palisade cell size
under water stress conditions (I'2 = 0.85), and a strong positive one between palisade cell size and turgid weight to dry

weight ratio (TW/DW ) (I'2 = 0.86); thus, the higher DRI was associated with small palisade cell size and small TW/DW.
Parsons and Howe [34] compared Tepary bean (Phaseolus acutifolius Gray var. latifolius), a drought resistant species,
with the susceptible P. vulgaris L. cvs Pinto and White Half Runner (WHR) under water stress conditions, and reported
that Tepary had significantly lower osmotic potential than the P. vulgaris cultivars, but little difference in osmotic
potential between Pinto and WHR. They indicated that determining the differences in osmotic and turgor potentials
among and within species, could be useful in breeding for drought resistance in Phaseolus. Stoyanov [35] determined
that water stress imposed to leaves of young common bean (P. vulgaris) 14 days after the emergence, by withholding
water until soil water potential reached -0.9 MPa, led to a decrease in osmotic potential at full hydration and turgor loss
point, in the primary and the first trifoliate leaves of all the cultivars evaluated. In contrast, high osmotic adjustment
was found in three cultivars which displayed significant differences in their adaptive response to drought. They
indicated that osmotic adjustment is one of the major adaptive mechanisms of P. vulgaris to survive drought, and that
the main difference among cultivars appears to be due to turgor maintenance, which may be more representative of the
physiological status of the leaves in these cultivars.

4., Conclusion

Temperature recorded with a digital sensor (datalogger) within the crop, provided better relationship with the data
taken in the commercial bean fields than the temperature recorded by the weather station. The periods of extreme
temperature = 33 °C affected production of trifoliates, flowers, and pods in both cultivars evaluated Pinto Saltillo and
Azufrado Higuera. The highest grain yield 3,860 kg ha-! was obtained in the drip irrigated field in the Mayo Valley with
a total water sheet of 42 cm, followed by the gravity irrigated field in the Yaqui Valley with 3,560 kg ha! and a total
water sheet of 62 cm.
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