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Abstract: Commercial and landrace chile (Capsicum annuum) cultivars are cultivated under furrow
irrigation systems in Northern New Mexico. Yield and physiological differences between commercial
and landrace chile cultivars under furrow irrigation systems have not been evaluated. In 2011 and
2012 two commercial chiles, ‘Sandia” and ‘NuMex Big Jim’, with one landrace chile, ‘Chimayo’,
were evaluated under four irrigation schedules, with irrigation once every 7, 9, 11, and 13-days.
These four schedules represent possible water availability for farmers in Northern New Mexico.
In 2011 there were inconsistent yield patterns; fresh red chile yield of ‘Chimayo’ at the seven-day
interval was 90% more than at the nine-day interval. ‘Sandia” had 138% better yields at the seven- than
at the nine-day interval. ‘Chimayo’ fresh green chile yields at the nine-day interval were 47% better
than the seven-day interval. ‘NuMex Big Jim’ fresh green yields were 40% greater at the seven-day
interval than the 13-day interval. In 2012 no yield components were statistically different for cultivars
across irrigation intervals. This data shows commercial green and landrace chile cultivars can be
furrow irrigated as water becomes available on 7, 9, 11, or 13-day intervals with no yield effect.
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1. Introduction

As the population of the world increases, so will the need for more efficient and sustainable food
production. The United Nations Environment Program predicts agricultural water use is expected
to rise by 19% by 2050 [1]; simultaneously, more regions (especially arid and semi-arid regions) will
experience water shortages. Global water shortage analyses show that up to 76% of the world’s
population will be affected by water shortages over the next several decades [2].

The upper Rio Grande Valley in Northern New Mexico is defined as a semi-arid environment [3,4]
and so is at high risk of water shortages for agricultural and domestic use in the present and future.
Northern New Mexico derives 98.8% of its surface water from snowpack melt from the San Juan
Mountain Range in Southern Colorado [5,6], but decreasing trends in snow depth and snow cover
threaten water security in the Western United States [7]. Most farmers in Northern New Mexico depend
on supplemental surface irrigation delivered through traditional acequia systems to fulfill crop water
requirements because of low annual precipitation.

Acequias are ditch systems brought to the New World over 400 years ago [8] that divert water
away from a river or stream to allow gravity-driven irrigation in the downstream floodplain between
the acequia and river [9]. Acequia water levels directly depend on the amount of snowpack melting
into rivers and streams [8]. As the snowpack declines and weather patterns change acequia water levels
become unpredictable and scarce, posing a problem for farmers using the water to flood irrigate their
crops [10]. A potential solution for this problem is thought to be to change all Northern New Mexico
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irrigation systems to more efficient water-conserving systems where water could be taken from
the acequias and put into a holding tank or lined pond for use in a drip or sprinkler irrigation
system. However, increasing efficiency with sprinklers and/or drip irrigation does not necessarily
indicate better water conservation [11] or better conditions for the environment. This is the case in
deep percolation environmental zones (highly permeable soils and small-sized basins with narrow
floodplains, like some areas of Northern New Mexico) where water can readily percolate below the
root zone and recharge aquifers [12]. When surface water is held in a furrow, ditch, or basin, aquifer
recharge can occur [13]; the water is in one place long enough to seep below the root zone then
into the aquifer. During the growing season between April and September surface water is removed
from acequias and used to furrow irrigate fields in Northern New Mexico helping recharge aquifers.
Aquifer recharge is only one of the ecosystem services furrow irrigation from the acequia ditches
provides for the environment. Other ecosystem services provided by the use of acequias is seepage
from the ditch channeling the water in between farms; besides recharging groundwater, this seepage
also sustains riparian vegetation along the ditch [9]. Increasing irrigation efficiency of Northern New
Mexico farms by changing all furrow irrigation to drip or sprinkler irrigation may reduce groundwater
and aquifer recharge and riparian vegetation. It is important to evaluate how different cultivars of
chile, a staple crop of Northern New Mexico, responds to variable furrow irrigation water availability.

New Mexico has a long history of growing chile dating back to the late 1500s. Two main types
of chile are produced, red chile, which is a mature red fruit that is dried and ground to use as flakes
or powder, and green chile, which is a green full-size physiologically-immature fruit sold fresh or
packed as a frozen or canned product [14]. In Northern New Mexico many landrace varieties [15] are,
and have been, historically grown on acequia irrigation systems. Landraces, such as ‘Chimayo’, ‘Dixon’,
and “Velarde’, in Northern New Mexico were developed for more than 400 years through a process
of seed-saving practiced by communities where seeds were passed down through generations [16].
Landraces are crops grown for a long time within a specific environment that have the ability to tolerate
local stresses and have high yield sustainability when grown under low input agricultural systems [17].
They are well adapted to the environments in which they have been historically cultivated.

Generations of farmers in Northern New Mexico selected the best performing chile plants to
save seed from each year bringing forth plants better adapted to the local climate [16]. Therefore,
landrace chile grown in Northern New Mexico may have a better response to the local conditions than
commercial cultivars bred for traits, such as increased yield, disease resistance, and improved quality,
that are not location specific [18]. “Chimayo’, the landrace variety selected for this study, is known for its
deep red color and unique flavors [16], and has been cultivated in Northern New Mexico for hundreds
of years. ‘Chimayo’ has a very high market value and has been produced using furrow irrigation.

‘Sandia” and ‘NuMex Big Jim’ are commercial varieties grown mostly in Southern New Mexico.
‘Sandia” was originally developed to be harvested as a red chile [19] and ‘NuMex Big Jim” was
developed for green chile harvest [20]. Today, commercial green chile is cultivated on drip irrigation
due to its higher market value and red chile is still furrow irrigated, but in Northern New Mexico
the majority of famers still use furrow irrigation from an acequia system on both red and green chile.
Cultivation of commercial red and green chile cultivars has increased in Northern New Mexican farms,
yet the response of commercial and/or landrace varieties to different furrow irrigation schedules has
not been quantified.

The primary objective of this research was to compare one landrace chile variety, Chimayo, and
two commerecial chile cultivars, NuMex Big Jim and Sandia, grown in the semi-arid environment of
Northern New Mexico under four different furrow irrigation schedules. Commercial and landrace
chile performance was evaluated based on yield components and physiological components.
Yield components included fresh red fruit, fresh green fruit, dry red fruit, immature fruit, and diseased
fruit. Physiological components included extractable color and pungency.
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2. Materials and Methods

2.1. Description of the Study Area

The experiment was conducted March-August in 2011 (Year 1) and 2012 (Year 2) at the
New Mexico State University (NMSU) Sustainable Agriculture Science Center (lat. 36°5' N; long.
106°3’ W; elevation 1733 m) in Alcade, New Mexico. The site is within a semi-arid valley flood plain,
with highly permeable soils. Fruitland sandy loam (coarse-loamy, mixed, calcareous, mesic Typic
Torriorthents; [21]) was the dominate soil type in the experimental plots. The major crops grown in
the area include alfalfa (Medicago sativa), fruit trees, various vegetables, and chile [22]. During the
growing season in Year 1 (17 May-12 August 2011) and Year 2 (15 May-21 August 2012) there was
no recorded precipitation (see Tables 1 and 2; [23]). The average maximum temperature during the
growing season in Year 1 was 31.1 °C and in Year 2 was 32.2 °C (see Tables 1 and 2; [23]). The average
minimum temperature during the growing season in Year 1 was 11.0 °C and in Year 2 was 11.3 °C
(see Tables 1 and 2; [23]).

Table 1. Growing season (17 May-12 August 2011) weekly total precipitation and average maximum
and minimum temperatures *, 2011.

Week Maximum Temperature (°C)  Minimum Temperature (°C)  Precipitation Y (cm)
1 20.8 34 0.0
2 26.3 6.2 0.0
3 31 9.6 0.0
4 31.3 7.6 0.0
5 31.1 9.7 0.0
6 33.8 9.7 0.0
7 329 11.6 0.0
8 33.9 14.3 0.0
9 327 14.2 0.0
10 33.1 15.7 0.0
11 309 14.8 0.0
12 32.5 13.2 0.0
13 34.2 13 0.0
Season Average 31.1 11.0 0.0%

X Precipitation and temperature collected from Natural Resources Conservation Service (2011); station #2172;
Y Total precipitation during week; * Total precipitation during season.

Table 2. Growing season (15 May-21 August 2012) weekly total precipitation and average maximum
and minimum temperatures *, 2012.

Week Maximum Temperature (°C)  Minimum Temperature (°C)  Precipitation ¥ (cm)
1 279 5.9 0.0
2 285 5.9 0.0
3 30.8 6.3 0.0
4 321 8.1 0.0
5 32.8 10.1 0.0
6 35.3 11.3 0.0
7 35.7 14.0 0.0
8 30.4 13.8 0.0
9 324 13.3 0.0
10 337 12.8 0.0
11 33.4 14.5 0.0
12 32.8 14.9 0.0
13 33.3 14.4 0.0
14 31.1 12.8 0.0
Season Average 32.2 11.3 0.07

X Precipitation and temperature collected from Natural Resources Conservation Service (2012); station #2172;
¥ Total precipitation during week; * Total precipitation during season.
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2.2. Experimental Design and Treatments

The experiment was conducted using a split plot design with three replications where irrigation
levels were allocated to main plots and cultivars to sub-plots (Figure 1). Rows were 1 m apart and
within-row plant spacing was 30 cm. Each sub-plot was three rows of a randomized selection of
one cultivar (Chimayo, NuMex Big Jim, or Sandia) in 30 m? (3.0m x 10 m) plot. Each main plot was
a randomized selection of one irrigation interval (13-day interval, 11-day interval, nine-day interval,
and seven-day interval), 120 m? (3.0 m x 40 m).

Irrigation
Interval

7

11

Replication Three

13

11

13

40 m

Replication Two

13

11

Replication One

<€

Main-plot \

RN

€ 40m —> Sub-plot

Figure 1. Split-plot experimental design with main plots and sub-plots, 2011 and 2012.

2.3. Seedling Establishment and Transplanting

‘Chimayo’, ‘Sandia’, and ‘NuMex Big Jim’ seeds were sown on 14 March 2011 (Year 1) and
19 March 2012 (Year 2) in greenhouse at NMSU’s Fabian Garcia Science Center in Las Cruces, NM, USA,
into 3.9 x 2.7 x 5.5 cm compartments of 12-celled planting containers (Hummert International,
Earth City, MO, USA, cat# 11-0450) containing a Redi-Earth plug and potting mix® made by Sungro
(Agawam, MA, USA). Miracle grow liquid fertilizer® (The Scotts Miracle-Gro Company, Marysville,
OH, USA) was applied two times at manufacturer rates twice after emergence. During seedling
establishment in the greenhouse plants were watered twice a day with a hose until saturated. Seedlings
were transported to Alcalde, NM, USA, and placed outside to harden-off for two weeks in full sun.
Seedlings were transplanted 34 days after emergence in Year 1 and 32 days after emergence in Year 2
and irrigated immediately after transplanting. In Year 2 cutworms (Agrotis segetum) damaged more
than 100 plants that had to be replaced by new transplants. Fertilization during both years consisted
of nitrogen (Helena Chemical Company, Albuquerque, NM, USA) at 224.2 kg-ha~! (200 Ib/acre) and
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phosphorous at 112.1 kg-ha=! (100 1b/acre) that was side-dressed by hand twice in both seasons,
1 June 2011 and 2012 at the beginning and, 13 July 2011 and 2012 at the middle of the season at
the recommended rate [24]. The plots were hand-weeded 24 times during the growing seasons to
minimize weeds.

2.4. Crop Data

The total crop yield and physiological components per plot were recorded from two meters
from the middle (2.0 m?) row of each sub-plot. The plants were harvested completely and one
randomly-selected plant was cut at the base of the stem for dry vegetative weight. Plants were
harvested 88 days after transplanting (DAT) in Year 1 and 98 DAT in Year 2. The fresh yield was sorted
into diseased (fruit with fungal, viral, and physical damage more than 30%), immature, red, and green
categories and fresh weights were obtained. Fresh red fruit from ‘Chimayo” and ‘Sandia’ plots were
weighed, dried for 72 h in a drier at 55 °C, then weighed again for the dry weight; then ten fruit
were randomly selected from the dry red fruit and ground (Thomas-Wiley Mini-Mill Cutting Mill,
Thomas Scientific, Swedesboro, NJ, USA, cat# 3383L40; sieve #40). Ten green ‘NuMex Big Jim’ fruit
were dried at 55 °C for 72 h and then ground (Thomas-Wiley Mini-Mill Cutting Mill, Thomas Scientific,
Swedesboro, NJ, USA, cat# 3383140; sieve #40).

The ground red fruit from ‘Chimayo’ and ‘Sandia” were measured for extractable pigment using
the American Spice Trade Association procedure and protocol [25]. The red ground fruit of ‘Sandia,’
‘Chimayo,” and green ground fruit of ‘NuMex Big Jim” were analyzed for their heat level using the
method described by Collins et al. [26] to extract, separate, and quantify the capsaicinoids using
high-performance liquid chromatography (HPLC).

2.5. Flood Irrigation System Installation

A 20 cm diameter polyethylene pipe (poly-pipe) (Baron Irrigation Supply, Anthony, TX, USA) used
for furrow irrigation was installed at the main valve according to Enciso and Peries [27] instructions.
An earthen mound 0.9 m in height and 1.2 m wide was placed 3.0 m from the last furrow in the field.
Poly-pipe was placed over this mound to gravity stop the water and to maintain overall pipe pressure.
For every furrow, a 7.6 cm plastic flood gate was installed.

2.6. Irrigation Schedule Development and Total Water Applied

Irrigation intervals of 7, 9, 11, and 13 days were selected as potential intervals water could be
available in the acequia ditches for use. The Hargreaves-Samani [28] equation was used to create
irrigation amounts for each interval. The Hargreaves-Samani equation requires less climatological data
to develop an irrigation schedule making it more suitable for our purposes. According to the standard
guidelines chile requires 75 cm/hectare of water per season for optimal growing conditions [24,29].
The total water applied per hectare to each irrigation interval is as follows:

In Year 1: the seven-day interval received 71 cm; the nine-day interval received 64 cm; the 11-day
interval received 59 cm; the 13-day interval received 56 cm. In Year 2: the seven-day interval received
75 cm; the nine-day interval received 68 cm; the 11-day interval received 63 cm; the 13-day interval
received 59 cm. To measure each irrigation a 5.0 cm programmable paddle wheel flow meter with
totalizers (Midwest Instruments and Controls, Rice Lake, WI, USA) was installed at the main valve,
and was calibrated in accordance with the manufacturer’s specifications to measure water exiting the
main valve in gallons per minute (gpm). Circular flumes were built and used to measure and calibrate
water flow from each flood gate [30]. The main valve was turned on at 40 gpm as read by the paddle
wheel flow meter for ten minutes until the poly-pipe was fully expanded with water, then gates were
opened to a calibrated measurement. Gates were closed once the flow meter recorded the volume of
water necessary for each irrigation event.
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2.7. Statistical Analysis

The parameters measured in this experiment were designed to evaluate effects of irrigation
interval on total chile yield and fruit physiological components. Analysis was conducted on Year 1
and Year 2 data separately due to differences between each year. The differences between the years
were temperature, length of growing time and, in Year 2, there was cutworm damage to over
50 plants right after transplanting. Experimental data were subjected to statistical analysis using the
Statistical Analysis System (SAS) Version 9.3 (SAS Institute Inc., Cary, NC, USA) statistical software [31].
Fresh red yield, dry red yield, fresh green yield, immature yield, and diseased yield of chile, and chile
extractable color and pungency data were analyzed using ANOVA (p < 0.05). If statistically significant
differences were found between means they were separated using a least significant difference test
atp < 0.05.

3. Results

3.1. Yield Components

In Year 1 (Table 3), statistical differences were found in fresh red, fresh green, and dry red
yield. Fresh red yield of ‘Chimayo’ at the seven-day interval was 90% more than the fresh red yield
of ‘Chimayo’ at the nine-day interval. Fresh red yield of ‘Sandia’ at the seven-day interval was
138% greater than the fresh red yield of ‘Sandia’ at the nine-day interval, yet ‘Sandia’ at the 13-day
interval was statistically the same as the seven-day interval. Dry red yield of ‘Chimayo’ showed
some differences, but they were not statistically significant. Dry red yield of ‘Sandia’ at the 11-day
interval was four times greater than the dry red yield of ‘Sandia’ at the nine-day interval. ‘Chimayo’,
the landrace variety in 2011, had better fresh red yield at the seven-day interval, while ‘Sandia’ the
commercial cultivar showed no predictable preference for irrigation interval because, in fresh red yield,
both the 7- and 13-day intervals had similar yields. ‘Sandia’ dry red yield was also the same for 7-,
11-, and 13-day intervals and dry red yields for ‘Chimayo” were also statistically similar. The red dry
and fresh yields of ‘Chimayo” and ‘Sandia” highlighted that reducing irrigation intervals did not affect
yield in a predictable pattern. The statistical differences observed in Year 1 were not replicated in
Year 2 (Table 4). In Year 2 no statistical differences were found in either fresh red or dry red yield;
therefore, in a furrow irrigation system in Northern New Mexico where farmers are growing ‘Chimayo’
or ‘Sandia’ for fresh red or dry red yield, they can produce similar yields even if the water is not
available every seven days. Diseased yield did not exhibit any statistical differences in Year 1 or Year 2,
and the cultivars had the same percentage of diseased fruit at all irrigation intervals.

Fresh green yield for ‘Chimayo’ showed statistical differences; ‘Chimayo” at the nine-day interval
had 47% more yield than at the 13-day irrigation interval (Table 3). Fresh green yield of ‘Sandia’” at
the seven-day interval was 102% greater than at the 11-day interval. Fresh green yield of ‘NuMex
Big Jim’ at the seven-day interval was 40% more than at the 13-day interval. Again, the inconsistent
yield pattern emphasizes using a seven-day interval did not ensure higher fresh green yields for each
cultivar. This is supported further by Year 2 results (Table 4) where no statistical differences were
observed within cultivars across irrigation intervals. Thus, farmers in Northern New Mexico that use
furrow irrigation can irrigate as water is available up to at least a two-week interval and expect that the
fresh green yield of ‘Sandia’, ‘NuMex Big Jim’, and/or ‘Chimayo’ will have minimal yield reductions.
This is in agreement with Diaz-Perez et al. [32] who reported that irrigating peppers with less water
than the recommended amounts might not affect chile yield. Longer irrigation intervals may not affect
chile yield because once the canopy is fully established they are less sensitive to longer periods without
water [33].
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Table 3. Main effects and interactions of three cultivars and four irrigation intervals on yield
components, 2011.

Harvest Response Variables *

Cultivar  Irrigation Interval Fresh Red Fresh Green = Dry Red Diseased

Chimayo 7 40ay 5.2 ab 0.8a 0.1
Chimayo 9 21b 6.3a 0.4 ab 0.1
Chimayo 11 3.3 ab 48b 0.7a 0.4
Chimayo 13 25b 43c 0.5 ab 0.2
Sandia 7 19a 89a 0.4 ab 0.1
Sandia 9 0.8b 7.9 ab 0.1b 0.3
Sandia 11 1.4 ab 44b 05a 04
Sandia 13 1.7 a 5.9 ab 0.4 ab 0.1
Big Jim 7 -u 14.1a - 0.6
Big Jim 9 - 11.2ab - 0.9
Big Jim 11 - 13.8 a - 0.6
Big Jim 13 - 10.1b - 1.0
Significance (p < 0.05)
Irrigation Interval v 0.0040 0.0087 0.0372 NS
Cultivar W <0.0001 <0.0001 <0.0001 <0.0001
Irrigation Interval x Cultivar * NS ¢ NS NS NS

% Mean chile yields harvested kg per 2 m? plots; reported in ton ha=!. ¥ Any two means within a column followed
by the same letters are not significantly different (least significant difference) at p < 0.05; * Interaction between
irrigation interval x cultivar, if not significantly different, then main effects cultivar and irrigation interval tested at
p < 0.05; " Main effect, cultivar, significantly different at p < 0.05; Y Main effect, irrigation interval, significantly
different at p < 0.05; " Big Jim fruit, not harvested at red physiologically mature stage; ! Not significant at p < 0.05.
Three replications per treatment.

Table 4. Main effects and interactions of three cultivars and four irrigation intervals on yield
components, 2012.

Harvest Response Variables *

Cultivar  Irrigation Interval Fresh Red Fresh Green  Dry Red Diseased

Chimayo 7 137 2.6 0.2 0.0
Chimayo 9 1.5 2.6 0.4 0.1
Chimayo 11 14 2.1 0.3 0.0
Chimayo 13 1.1 3.4 0.2 0.1
Sandia 7 1.6 4.0 0.3 0.0
Sandia 9 1.7 3.4 0.2 0.0
Sandia 11 0.8 3.2 0.2 0.1
Sandia 13 0.9 3.8 0.1 0.0
Big Jim 7 -V 8.7 - 0.0
Big Jim 9 - 4.7 - 0.1
Big Jim 11 - 5.3 - 0.1
Big Jim 13 - 4.3 - 0.0
Significance (p < 0.05)
Irrigation Interval ™ NS NS NS NS
Cultivar X <0.0001 0.0049 <0.0001 NS
Irrigation Interval x Cultivar ¥ NS NS NS NS

“ Mean chile yields harvested kg per 2 m?2 plots; reported in ton ha~L. Any two means within a column followed
by the same letters are not significantly different (least significant difference) at p < 0.05; ¥ Interaction between
irrigation interval x cultivar, if not significantly different, then main effects cultivar and irrigation interval tested at
p < 0.05; X Main effect, cultivar, significantly different at p < 0.05; ¥ Main effect, irrigation interval, significantly
different at p < 0.05; V Big Jim fruit, not harvested at red physiologically mature stage; " Not significant at p < 0.05.
Three replications per treatment.
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3.2. Physiological Components

In Year 1 (Table 5), only two statistically significant differences were observed. ‘Chimayo” at
a nine-day interval had 38% higher extractable color than at the 11-day interval. ‘Sandia’ at the
nine-day interval was over 1.5X more pungent than at the seven-day interval. In Year 2 (Table 6),
‘Sandia’ at the seven-day irrigation interval was 95% more pungent than at the nine-day irrigation
interval, and ‘NuMex Big Jim” at the 11-day interval was 122% more pungent than at the 13-day
interval. Lack of a noticeable pattern in pungency was to be expected due to the instability of pungency
from season to season within each variety and the varied response of pungency to environmental
conditions [18,34]. In other studies, a reduction in irrigation water led to increases in pungency [35].
Our study did not support a reduction of irrigation water leading to higher pungency, but it did show
that ‘Chimayo’ had more consistent pungency levels across irrigation intervals in Year 1 and Year
2 because pungency levels were all non-significant across all irrigation intervals. Extractable color
differences were only seen in Year 1 and in one cultivar; therefore, this study provides evidence that
extractable color was not negatively affected by different furrow irrigation schedules in Northern
New Mexico.

Table 5. Main effects and interactions of three cultivars and four irrigation intervals on physiological
fruit characteristics, 2011.

Physiological Variables

Cultivar Irrigation Interval Pungency Y (Scoville Heat Units) Extractable Red Color * (ASTA Units)
Chimayo 7 6228.2 134.1 ab
Chimayo 9 4771.8 150.7 a
Chimayo 11 6833.2 109.2 b
Chimayo 13 5499.3 136.5 ab
Sandia 7 5362.3b * 106.4
Sandia 9 14,927.1 a 101.2
Sandia 11 9312.1 ab 1134
Sandia 13 10,605.4 ab 107.7
Big Jim 7 5860.9 -w
Big Jim 9 13,292.9 -
Big Jim 11 10,522.3 -
Big Jim 13 6233.4 -
Significance (p < 0.05)
Irrigation Interval ! 0.0390 NS*®
Cultivar " 0.0252 <0.0001
Irrigation Interval x Cultivar v NS NS

“ Mean value, any two means within a column followed by the same letters are not significantly different
(least significant difference) at p < 0.05; Y Samples collected from 2-m?; ten randomly selected fruit; ¥ Samples
collected from 2-m?; ten randomly selected fruit; ¥ Big Jim fruit, not harvested at red physiologically mature stage;
YV Interaction between irrigation interval x cultivar, if not significantly different, then main effects cultivar and
irrigation interval tested at p < 0.05; * Main effect, cultivar, significantly different at p < 0.05;  Main effect, irrigation
interval, significantly different at p < 0.05; ® Not significant at p < 0.05. Three replications per treatment.

Table 6. Main effects and interactions of three cultivars and four irrigation intervals on physiological

fruit characteristics, 2012.

Physiological Variables

Cultivar  Irrigation Interval ~ Pungency Y (Scoville Heat Units) Extractable Red Color * (ASTA Units)
Chimayo 7 11,908.1 125.5
Chimayo 9 11,796.5 113.7
Chimayo 11 9281.0 135.1
Chimayo 13 13,734.2 107.6
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Table 6. Cont.

Physiological Variables

Cultivar  Irrigation Interval Pungency Y (Scoville Heat Units) Extractable Red Color * (ASTA Units)

Sandia 7 14,834.5a % 122.6
Sandia 9 7588.6 b 114.6
Sandia 11 10,111.3 ab 121.9
Sandia 13 12,969.1 ab 118.2
Big Jim 7 6752.3 ab -
Big Jim 9 7821.6 ab -
Big Jim 11 95232 a -
Big Jim 13 4281.2b -
Significance (p < 0.05)
Irrigation Interval ! NS*® NS
Cultivar " 0.0026 NS
Irrigation Interval x Cultivar ¥ NS NS

* Mean value, any two means within a column followed by the same letters are not significantly different
(least significant difference) at p < 0.05; Y Samples collected from 2-m?; ten randomly selected fruit; ¥ Samples
collected from 2-m?; ten randomly selected fruit; ¥ Big Jim fruit, not harvested at red physiologically mature stage;
YV Interaction between irrigation interval x cultivar, if not significantly different, then main effects cultivar and
irrigation interval tested at p < 0.05; * Main effect, cultivar, significantly different at p < 0.05;  Main effect, irrigation
interval, significantly different at p < 0.05; ® Not significant at p < 0.05. Three replications per treatment.

4. Discussion

This experiment was harvested at one time, which may have had an impact on the results because
each cultivar may not have been at optimal maturity for harvest. ‘Chimayo’ is mostly grown for harvest
at a mature red stage, while ‘Sandia’ can be harvested at the mature red fruit stage or, like, ‘'NuMex
Big Jim’, harvested when green fruit are full-sized, but physiologically immature. Harvesting the
different varieties all at once may have impacted the yields and physiological components. The fresh
red yields of ‘Chimayo” and ‘Sandia’ may have increased if the harvest had been delayed, while the
fresh green yields of ‘NuMex Big Jim” and ‘Sandia” may have increased if harvest had been a week
earlier. Additionally, Year 2 yields were generally lower due to the cutworm damage that occurred
after transplanting. The severely damaged plants had to be removed and replaced by new transplants,
which had a negative impact on overall yield. The lower yields of Year 2 could explain the lack of
detected statistical differences.

‘Chimayo’, ‘Sandia’, and ‘NuMex Big Jim” performed about the same under the different furrow
irrigation intervals. There were some significant differences in Year 1 yield components, but they were
not observed again in Year 2. Furrow irrigation from traditional acequia systems used by farmers for
hundreds of years in Northern New Mexico can supply the water necessary to sustain yields and
quality of both commercial and landrace cultivars even if the irrigation water is not readily available
for weekly irrigation events. As stated in the introduction, unpredictable water availability in the
Northern New Mexico acequia system has farmers looking for solutions on how to consistently irrigate
their crops. More efficient irrigation, such as drip or sprinkler irrigation could be seen as the solution,
yet we must account for the ecological services provided by furrow irrigation from acequia ditches.
Ecological services, such as recharge of aquifers and sustaining riparian vegetation along ditches,
contribute to long-term environmental sustainability. This research shows continued use of the furrow
irrigation system from acequia ditches will maintain yield and physiological characteristics of both
commercial and landrace varieties even if the water is not available on a weekly basis.

Author Contributions: All authors conceived and designed the experiments. Israel Joukhadar performed the
experiments, collected and analyzed the data, and wrote the manuscript with Stephanie Walker.
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