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Barley Cultivars Compared Under an Irrigation Water Gradient

Mike Ottman, Tom Ramage and Gary Thacker

ABSTRACT

The relative ability of barley cultivars to perform outside the environment for which they
were selected is not fully known. This study was initiated at Marana in 1985 -86 to
compare barley cultivars, which were adapted to different input levels, under a line -
source sprinkler system that delivered a gradient of water. Higher than average rainfall
in February and March provided ample moisture for crop growth, prevented very low
water levels and led to the water gradient being applied late in the season when most of
the cultivars were in the grain fill stage.

We determined that cultivars bred for high level management ( Gustoe and Barcott)
performed best at the high water levels. Suitable cultivars for minimal water could not be
determined since truly low water levels were never attained. Harvest index, the
proportion of grain to total plant yield, was greatest for Gustoe at the high water level,
but no differences were detected at the low water level. We suspect that one -irrigation
barleys, bred to produce grain with a single preplant irrigation, effectively recover water
with a deep root system and do not necessarily use less water than other barley cultivars.

INTRODUCTION

Commercial plant breeders currently select barley cultivars to perform well in high -yielding growing
conditions. Traditionally, plant breeders selected barleys to perform over a range of environments to
ensure against crop failures when growing conditions turn out to be less than ideal.

Barleys were developed for dryland farming on the North African coast where the winter rainfall
comes in sporadic but large amounts that wet the soil profile several feet deep. To simulate North African
growing conditions the plots received a preplant irrigation, wetting the soil profile to five feet deep. The
only additional moisture was supplied by rainfall, usually about 4 1/2 inches in Marana from December to
May. Plants were selected for a deep root system to utilize all of the available moisture.

The capability of barley cultivars to perform outside the environment they were selected is a subject of
controversy. The present study was designed to compare barley cultivars adapted to low, medium, and
high levels of inputs under a line -source sprinkler system delivering a gradient of water.

MATERIALS AND METHODS

Field studies were initiated at the Marana Agricultural Center in the 1985 -86 growing season
comparing six barley cultivars under six water levels delivered by a line source sprinkler system. The
previous crop at this site was buffalo gourd and the soil type was a Pima clay loam.

The soil was disced, land- planed, and then fertilized with 91 lbs N/A and 62 lbs P205 /A as urea and
11 -53 -0. The fertilizer was disced into the soil and then the ground was land -planed and irrigated to field
capacity to a depth of approximately 5 ft. A seedbed was prepared by discing, roto- mulching, and floating
with a scraper. After the seed was planted on Dec. 4, the soil was floated with a scraper again.

September, 1986 Forage and Grain Report Page 61



Six rows were planted 13.3 inches apart in plats 80 inches wide and 20 feet long. The six barley
cultivars that were planted were bred for different input levels Westbred Gustoe and Westbred Barcott -
high input; Arivat and Prato - medium input; and 2 -22 -1 and 2 -22 -9 - low input.

Additional irrigations included approximately 4 inches on Dec. 20 auid 3 inches on Jan. 22. The plots
were fertilized with 41 lbs NIA as calcium nitrate on Feb. 13. Buctril was applied on March 21 at 1 qt/A
for weed control. Six water levels were applied across the varieties by a line source sprinkler system later
in the season. The experimental design was a split block with four replications.

The dates and amount of water application by the line source sprinkler system are presented in Table
1. Total water received by the plots included approximately 10 inches preplant irrigation, 7 inches early
season irrigation, 4.3 inches rainfall between December and April, and between 2.5 and 63 inches from the
line source.

Heading and physiological maturity for the cultivars are outlined in Table 2. Growing season
temperature and rainfall are listed in Table 3. The middle four rows of each plot were harvested with a
small combine on May 17. The grain was weighed and moisture determined with a Steinlite grain moisture
tester (Model G). Grain yields were adjusted to 10% moisture.

Whole plant samples were removed from two areas: 1 ft x 4.44 ft from selected cultivars and irrigation
levels. The samples were dried to a constant moisture in a forced air dryer at 97o F. The samples were
weighed and the moisture content of several samples was determined by drying in a microwave oven. Total
plant yields were adjusted to 10% moisture.

Table I. Water application by the line- source sprinkler system

Date 40
Distance from line source (in)

120 200 280 360 440

water applied (in)
April 4 1.6 1.8 L6 1.3 0.8 0.8
April 14 L5 1.4 1.2 1.0 0.7 0.4
April 25 LO 1.0 0.9 0,6 0.6 0.4
May 1 2.0 1.9 1.5 1.2 1.0 0.9
TOTAL 6.1 6.2 5.1 4.2 3.1 2.5

Table 2. Approximate dates of heading and physiological maturity

Stage

Date
WestbredWestbred
Gustoe Barcott Arivat Prato 2-22-12-22-9

Heading 4/6 3/19 3/21 3/24 3/10 3/14
Physiological
maturity

5/9 4/23 4/27 5/1 4/14 4/14
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Table 3. Temperature and rainfall for the
Marana Agricultural Center

Avg Daily Temperature
Month 1986 1981 -1986

Avg Monthly Rainfall
1986 1971 -1986

degrees (F) inches

Dec 52.6 51.9 0.46 1.13
Jan 57.9 51.1 0.05 1.16
Feb 57.9 53.5 2.16 0.78
March 64.8 59.2 1.79 0.94
April 70.2 66.9 0 0.33

4.46 4.34

RESULTS AND DISCUSSION

The grain yield of the six barley cultivars as influenced by water applied by the line- source sprinkler
system is presented in Fig. 1. No statistical test is available for the effect of irrigation level on yield
because the irrigation levels were not applied randomly.

Nevertheless, Westbred Gustoe and Prato appeared to respond to the irrigation treatment. The other
cultivars were not influenced by the irrigation treatments since the first irrigation was applied when they
were already in the grain fill stage (compare Tables 1 and 2). This result illustrates how earliness in a
cultivar can help reduce water requirements, since growth occurs not only over a shorter period of time but
also when evapotranspiration is less than later in the season.

Earliness is not necessarily related to the responsiveness of a cultivar to management levels. For
example, past experience has demonstrated that Westbred Barcott, an early cultivar, prefers frequent
applications of water and nitrogen to obtain maximum yields while one -irrigation barleys (2 -22 -1 and 2 -22-
9), also early -maturing, are grown with a single preplant application of water and nitrogen and lower yields
are exptected.

The relative performance of the barley cultivars at each of the water levels is of major interest in this
study. Westbred Gustoe, Westbred Barcott, and Prato were the top performers at the higher water levels,
while Westbred Barcott was the top yielding cultivar at the lower water levels.

The water gradient established was not severe and only affected Westbred Gustoe and Prato, so
comparisons of all cultivars at all water levels may be misleading. Nevertheless, the cultivars bred for high
level management (Westbred Gustoe and Westbred Barcott) performed best at the high water levels.
Suitable cultivars for minimal water can not be determined from this test since truly low water levels were
never attained.

Grain and vegetative yield of certain treatments are presented in Table 4. No differences were
detected in non -grain and total plant yield for any cultivar within each water level. Harvest index, the
proportion of grain to total plant yield, was greatest for Westbred Gustoe at the higher water level, but no
differences were detected at the lower water level.

These results demonstrate that grain yield improvements of current barley cultivars, such as Westbred
Gustoe, have resulted from increased harvest index and not total plant yield. When grown under water
stress, however, Westbred Gustoe, for one example, loses its advantage of higher harvest index and
produces grain and total plant yields similar to Arivat and 2 -22 -1.

One -irrigation barleys have been able to produce 2500 to 3000 lbs of grain per acre over the past
several years. These cultivars probably do not use much less water than other barley cultivars. They are
very deep - rooted, however. Soil samples removed this season revealed 2 -22 -1 had roots to a depth of at
least 8 ft while the roots of Westbred Gustoe continued to a 4 to 5 ft depth.
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Preliminary transpiration measurements did not indicate a difference in transpiration rate among the
cultivars in this study. The one -irrigation barleys mature early in the season, avoiding the warmer parts of
spring. Thus, we suspect that one - irrigation barleys produce well with a single preplant irrigation mainly
because they can effectively recover water with deep roots and have a shorter period of growth.

Table 4. Grain and vegetative yield of barley cultivars at various water levels

Water
applied Cultivar Grain

Yield*

Non -grain Total
Harvest

index

(inches) (lbs /A) ( %)

6.2 Gustoe 4920 a** 8320 a 13200 a 37.6 a
Arivat 3130 b 10010 a 13200 a 23.7 b
2-22-1 2840 b 9480 a 12300 a 23.2 b

4.2 Gustoe 3660 a 6820 a 10500 a 34.9 a
Arivat 3200 b 7320 a 10500 a 31.3 ab
2-22-1 2690 c 7730 a 10400 a 26.0 b

2.5 Gustoe 3330 a 6450 a 9800 a 34.3 a
Arivat 3140 a 6600 a 9700 a 32.7 a
2-22-1 3070 a 7590 a 10700 a 30.1 a

* Adjusted to 10% moisture

** Means within a water level and column are not different according to FISD.05
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Fig. 1. Grain yield of six barley cultivars as

influenced by water applied by a line

source sprinkler system.
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