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DISCLAIMER

The purpose of Water Resources Research Institute technical reports is to
provide a timely outlet for research results obtained on projects supported in
whole or in part by the institute. Through these reports, we are promoting
the free exchange of information and ideas and hope to stimulate thoughtful
discussion and action that may lead to resolution of water problems. The WRRI,
through peer review of draft reports, attempts to substantiate the accuracy of
information contained in its reports, but the views expressed are those of the
authors and do not necessarily reflect those of the WRRI or its reviewers,

Contents of this publication do not necessarily reflect the views and
policies of the United States Department of the Interior, nor does mention of

trade names or commercial products constitute their endorsement by the United
States Government.
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ABSTRACT

Through selection, slow progress is being made for lower oxalate and

alkaloid levels in Kochia scoparia. Oxalate and alkaloid contents varied con-

siderably under different environments. Kochia can thrive at salt levels of
irrigation water up to ome~-third that of salt water, making it a high potential
crop where the underground water is brackish. Several phenotypic plant char-

acteristics were observed but none were stabilized in a true breeding line.

Key words: Dragendorff's reagent, forage toxicity, alkaloid, salt tclerance,

drought tolerance, phenotypic differences, oxaliate

iii



Table Page

17 Main effects of a greenmhouse experiment for height,

yield and chemical composition for nine different

salt treatments and two kochia cultivars, 1983 . . . . . . . . . . 35
18 Yield and composition of kochia forage

as affected by soil applied sodium,

potassium, chloride and sulfate, 1983 . . . . . . . . . . « . . . 36
19 Regression equations for yield of kochia

forage as affected by soil applied sodium,

potassium, chloride and sulfate, 1984 . . . . . . « +« ¢« « « « « . 37
20 Yield and composition of kochia forage

as affected by soil applied sodium,

potassium, chloride and sulfate, 1984 . . . . . . . . . . .« . . . 38
21 Regression equations for yield of kochia

forage as affected by soil applied sodium,

potassium, chloride and sulfate, 1984 . . . . . . . . . . . . . . 39
22 Effect of sodium, chloride, potassium, magnesium,

calcium, phosphorus and sulfur on yield and consti-
tution of kochia grown in greenhouse pots with
other nutrients as in base treatment, 1985 . . . . . . . . . . . . 41

23 Effect of soil applied plant nutrients on yield
and composition of kochia (greenhouse pot study)
when watered with low salt water, 1985 . . . . « + + ¢« « &+ « « . . 43

24 Effect of soil applied plant nutrients on yield
and composition of kochia (greenhouse pot study)
when water contained 14 g NaCl per liter, 1985 . . . . . . . . . . &4

“

List of Figures

1 Average oxalate percent in kochia plants for

selections within each year and over all six years . . . . . . . ., 22
2 Average alkaloid rating in kochia plants for

selections within each year and over all three years . . . . . . . 25



JUSTIFICATION OF WORK PERFORMED

The High Plains of New Mexico has highly productive soils, level terrain,
and a climate favorable to agricultural enterprises. In addition to these
resources, the area has significant but exhaustible quantities of groundwater.
In the early 1950s, only 3,000 acres were irrigated in Curry County (Lansford
and Sorensen 1971). Thirty years later, in the early 1980s, more than 222,000
acres in Curry County were irrigated (Lansford et al. 1980). This irrigation
was largely supplied by water from the Ogallala aquifer. As irrigated acreage
expanded, water use increased and the Ogallala aquifer supply decreased. The
problem of depletion of the Ogallala aquifer water supply to support irrigation
crop farming in the High Plains was addressed by the U.S. Congress in Section
193 (P.L. 94-587 90 Stat. 2943.193). The congressional intent was clear and
concise in directing the Secretary of Commerce, "to examine the feasibility of
various alternatives to provide adequate water supplies," for the High Plains
region and, "to assure the continued economic growth and vitality of the re-
gion."” One result of this directive was the formation of the High Plains
Study Council, representing six states, which included New Mexico. A summary
of the council's findings and recommendations was published in December 1982
(High Plains Study Council 1982). .

Energy costs also was a major factor in the development of irrigation on
the High Plains. However, in 1973, the Arab oil embargo forcefully brought to
the attention of all Americans, especially irrigation farmers, the importance
of energy. Prices for natural gas, electric power, LP gas, and all forms of
petroleum products increased several fold while farm prices stagnated at a low
economic level. Therefore, with a declining aquifer, skyrocketing energy
prices, and depressed farm income, the High Plains Study Council made several

recommendations they thought would help continue and/or maintain the economic



growth and vitality of the region.

The High Plains Study Council listed seven categories of recommendations.
The first was, ''Water Conservation Technology, Research and Demonstration."
One of the recommendations (A-3) stated, "Increase public and private funding
for research, demonstration and market development for more water—-efficient
crops adapted to High Plains growing conditioms."

The council made the following suggestion for the implementation of recom-
mendation A-3:

A significant research emphasis for both private and public invest-
ments in agricultural research in the 1980s and beyond should be
assigned to the development of more water-use efficient varieties
of the principal High Plains crops and the intensive investigation
of new alternate crops for adaptation to both irrigated and dryland
production conditions throughout the region. Although a large num-
ber of alternative crops adapted to arid or semiarid growing condi-
tions are currently undergoing field tests in other locations-—-e.g.,
Crambe sp, sunflower, milkweed and others—-few have been examined
for High Plains conditions. As locally adapted plants with com-
mercial potential are identified in the research phase, a market
development phase should be organized to ensure local marketing
capabilities. Concurrently, an intensive local information,
extension and demonstration phase will be necessary to gain farmer
acceptance and trials of new crops.

Kochia (Kochia scoparia) is a vigorous growing annual of the Chenopodia-

ceae family that has become established on the Great Plains since the early
1940s. Erickson and Moxon (1947) made extensive feeding trials in South
Dakota and established that the feeding value approached that of alfalfa.
Sherrod (1971) at Pantex, Texas, obtained protein levels ranging from 25% in
May to 13% in July. Similar protein levels have been determined at this
research center (Fuehring 1983 through 1985). Thus, kochia has the potential
of producing high quality forage if properly managed. Erickson and Moxon
(1947) reported hay yields of 3.6 T/A and seed yields up to 1,500 1b/A.
Sherrod (1971) reported kochia yields of over 5 T/A dry matter by July 15

without irrigation and about 12 inches of rainfall. Baker (1974) in Montana



reported kochia yields of 5,5 T/A dry matter from 14 inches of water used. In
the same study, Russian thistle was slightly more water efficient. Bell et al.
(1952) recorded kochia yields three times that of alfalfa. Similar yields and
estimated water—use efficiency were found in spot checks of dryland fields in
Curry County, New Mexico, in 1977 and also in a preliminary greenhouse study
in 1978. These production figures per inch of water used are much greater
than those reported for alfalfa (Hanson 1967). Thus, kochia is a potentially
high producing forage or grazing crop for the High Plains of New Mexico under
dryland (40 to 45 cm annual rainfall) or limited irrigation. Durham and Durham
(1979) wrote of kochia growing during a drought which dried up pastures of
native grasses.

The above yield levels have been confirmed at this research center by
Fuehring (1980) and cultural practices are being studied. No particular dis-
ease or insect problems with the crop have been noted. In view of its very
high water efficiency, it appears that kochia has great potential as a dryland
or limited irrigation crop for semiarid regions such as the Great Plains. Al~
though an annual, it reseeds profusely, thus, reestablishing itself each year.
Establishment of kochia as a forage crop can result in considerably greater
livestock production per unit of water used. As the water available for irri-
gation from the Ogallala Formation becomes depleted, a very drought tolerant
crop such as kochia can make up a considerable portion of the difference.
While it takes 15-20 acres of native pasture to carry a cow, well managed dry-
land kochia in eastern New Mexico has the potential to carry a cow on 2-3
acres or less.

Kochia has been reported to grow very well in saline seep areas in Mon-
tana. This vitality would indicate tolerance to salt and a possibly very good

forage crop where saline or brackish water is available for irrigation. New



Mexico is estimated to have 3 billion acre~feet of recoverable fresh water
(Governors Council of Economic Advisors 1977). However, an additional 15
billion acre~feet of underground water is considered to range from slightly
saline to brackish. Thus, salt tolerant crops such as kochia have a large
potential for utilizing this vast underground water resource.

Kochia has an extremely wide range in adaptation. However, it is found
mainly in the Great Plains states, which are generally considered arid or simi-~
arid lands. Kochia probably has undergone several cycles of natural selection
for drought resistance, which makes it such a water efficient plant.

Many methods and procedures have been used, with various degrees of suc~
cess, in trying to find and breed drought tolerant crops. Little success in
screening plants for drought tolerance has been obtained by selection for
morphological features such as extensive root systems or fewer stomata. Field
testing for drought resistance is often complicated by genotypic environmental
interactions, irrigation, rainout shelters, etc. Recent methods have included
more sophisticated equipment such as psychrometers, pressure chambers, porome-
ters, neutron probes, etc. Solutions with various osmotic pressures to con-—
trol moisture availability have been used by several investigators (Ayres 1952;
Helmerick and Pfeifer 1954; Powell and Pfeifer 1956; Shull 1951; Thimann 1954;
Uhvits 1946; and Williams et al. 1967). Sodium choride, D-mannitol, sucrose,
inositol and others have been used to produce solutions of variable osmotic
pressures, Germinating seeds in these osmotic pressure solutions and select~
ing genotypes showing the highest percent germination and growth appears to be
one of the simplest and most useful methods in screening plants for drought
tolerance.

In replicated greenhouse tests at this research center, little reduction

in total plant dry weight was observed after 76 growing days when watering



with variable amounts of salt solution (0 to 21 g/l), (Fuehring 1981 and
1982).

Under certain conditions, kochia accumulated high mineral levels, espe-
cially oxalates, which may be poisonous to livestock (Davis 1973; and Sperry
et al. 1965). Results from this research center indicate that plants contain
5% oxalate on average and occasional reports of possible oxalate poisoning
have been made from the area. It is assumed that oxalate is the chemical com-
pound that is detrimental to animals consuming this plant if the oxalate con-
tent is present in excessive amounts (not definitely known). In preliminary
tests, varjability in oxalate percentage has been found between lines and
among plants within lines. Much of this variability was speculated to be
under genetic control.

Under certain conditions, serious health problems develop for livestock
grazing on kochia (Dickie and Berryman 1979; and Galitzer and Oehme 1978).

The prebloom stages of growth give little trouble, but at blooming and later
stages, photosensitivity and kidney and liver damage may develop. The toxic
principle has not been determined but oxalates, alkaloids and saponins may be
involved. The toxicity is especially severe during prolonged drought and im-
mediately after a drought. Some groups of cattle seem to be much more sensi-
tive than others. Usually, only 10 to 20% of the cattle in any one group are
sensitive. While considerable work has been done at this research center on
oxalates and salt tolerance of kochia, less has been done on the alkaloids and
none has been done on saponins. The hay seems to be much less toxic than the
grazed plants, indicating that alkaloids may be the main toxic property.
Kiesling et al. (1984) conducted serum chemistry profiles on kochia fed steers
and found evidence for the involvement of hepatotoxicants; they also concluded

that oxalate does mot appear to be the primary toxicant.



To our knowledge, there have been no serious plant improvement programs
applied to kochia for domestication. For the past 30 years, it has been con-
sidered a troublesome weed., Kochia is still considered a problem for many
crops, including sugar beets. However, for the past five to eight years, many
farmers and ranchers have been grazing and feeding kochia with excellent re-
sults.

Kochia has a complete flower (male and female organs are together in each
flower). Several plants have been bagged for pollen control and seed was ob-
tained under the bags, indicating the species is partially self-fertile. The
wild plants show considerable variability in leaf and stem color, leafiness,
flowering and growth habits. It is assumed that some of this variability is
genetically controlled. To date, no good marker genes are available.

Relatively little is known about the genetics and sexual behavior of the
kochia species. However, from preliminary observations and tests, considerable
variability exists. If much of this variability is under genetic control, then
this species could be improved by a systematic plant breeding program.

Kochia has been reported as a very salt tolerant species and investigation
conducted at the Roswell Test Facility by Fuehring et al. (1985) confirmed these
observations. Greenhouse investigations were conducted from 1981 through 1985
to determine the salt tolerance of kochia and its reaction to different ferti-

lizer treatments.



METHODOLOGY

The kochia breeding project had its beginning with the bagging of 11
plants in 1979 and the selecting of open-pollinated seed from eight other
plants. The kochia plant has flowering branches and the inflorescence con-
tains complete flowers (male and female organs in the same unit), which are
small and numerous. Paper pollinating bags were placed over a single flower-
ing branch before any florets had opened enough to shed pollen. Therefore,
any seed obtained under the paper bags would be self-bred or inbred seed.
Open-pollinated seed was collected by stripping the ripe seed off the flower-
ing branches.

The 1980 kochia breeding nursery consisted of the 19 lines each planted
in the center of a 40-inch wide bed with plots 12-feet long. The seeding rate
was approximately two plants per foot. When the plants were 2 to 3 feet tall,
a vegetative sample consisting of leaves, branches and stems was harvested
from each plant. The collected material was dried, finely ground (0.61 mm),
and oxalate content was determined by the Dye (1956) method. Several differ-
ent chemical attributes can be determined on a single ground sample analyzed.

In 1980, plants that showed a low oxalate content were selected for
future breeding investigations. The flowering branches of these plants were
bagged before any florets were open. A few high oxalate content plants were
also selected so divergent selection could be practiced, which would be help-
ful in determining the heritability of oxalate content in the kochia plant.

The resulting seeds from the selected plants were harvested, threshed and
cleaned. A sample of seed from each line was germinated on blotter paper and
the resulting seedings were transplanted to peat moss plugs. When the seedling
reached the 4 to 6 leaf stage, the peat moss plugs were again transplanted to

8 inch greenhouse pots or planted directly into the greenhouse floor soil. In



later plantings, the bare seeds were planted directly into the floor soil and
the peat moss plugs were eliminated.

From 1981 through 1986, all field nurseries were seeded directly in the
center of a 40 inch wide bed. The nursery was cross marked and seed were
planted 2 feet apart. The beds were approximately 700 feet long, therefore,
the nurseries were about 0.8 acre in size each year.

An infrared analyzer was obtained in 1980 and this analytical instrument
was used throughout the remainder of this project to determine oxalate content,
protein percentage, and TDN (total digestible nutrients) values. Protein was
determined on individual plants by using a microkjeldahl procedure and corre-
lated with values obtained with the infrared analyzer. Table 1 shows the
correlations between wet lab analyses and infrared readings. 1In all cases,
the correlations were statistically highly significant, Total digestible nu-~
trients were run on several plants by the New Mexico State University animal
science department. The same individual plant samples were used to calibrate

the infrared analyzer.

«

Table 1. Correlation coefficients between wet lab chemical analyses and
Technicon Infralyzer 400 readings

Coustituent R Value
Oxalate .927
Protein .924
Phosphorus . 986
Digestibility .996




In 1983, 1984, 1985 and 1986, each plant in the nursery was tested for
alkaloids, using a method developed by Burns (1964) which uses Dragendorff's
reagent on filter paper. Dragendorff's reagent is a simple screening test for
alkaloids in many plants. The reagent is dried on filter paper and produces a
color reaction of orange, purple or black when exposed to plant juice contain-
ing alkaloids. Filter paper 11 c¢m in diameter was quartered. The resulting
pie shaped section was folded over some kochia leaves and the paper and leaves
were squeezed with pliexrs, Sufficient pressure was applied so plant juices
were absorbed into the impregnated filter paper. If a color reaction occurred,
the filter paper was rated on a scale from 1 to 6, based on the intensity of
the developed color. Standards varying in color intensity were developed so
comparison could be made. This method produced a semiquantitative rating for
each plant in the nursery.

Plants showing the desired characteristics under study were selected each
yvear. Selection pressures were based on the data obtained from the forage
samples harvested and analyzed and on phenotypic appearance. Selected plants
were bagged for inbreeding in order to maintain the plants' genetic purity.
The bagged seed branches were hand threshed and the resulting seed were planted
the following year. Ten to 25 progenies were grown from each selected plant.
The progenies were sampled, analyzed for oxalate and alkaloid contents, and
the mean value of each selected line was used for comparisom.

Divergent selection for high and low oxalate and alkaloid content was
employed and the progenies of each group were compared. They were also
compared each year to a group of unselected wild plants. The wild population
was used each year as a check to determine if the selection pressure was
effective., Approximately 500 wild plants were analyzed for oxalate content

each year, but only one mean per year was used in the analysis of variance



computation. Approximately the same number of wilds were analyzed for alka-
loid content each year, but the wild plants were grouped in blocks. The mean
of each block was used in computing the analysis of variance. The number of
selected plants differed each year, therefore, a nonorthogonal analyses of
variance was used for mean separation. The analyses of variance and the means
for both years and selections were computed.

Phenotypic characteristics were recorded for vigor, stem color and leafi-
ness. Vigor was rated on a scale from 1 to 9; 1 having very poor vigor with 9
having extremely good vigor. Plant stems were rated on the degree of red and
green color with five classes: 1 = green, 2 = green with a very light red
stripe, 3 = green and red stripes about equal, 4 = mainly red with a slight
green stripe, and 5 = nearly completely red. Plant leafiness was visually
rated on a scale of 1 to 5: 1 = a very stemmy plant with few leaves, and 5 =
a very leafy plant that would have a high leaf-to-stem ratio. Plant architec-
ture was observed and a considerable amount of variation was noted; tall and
straight, barrel shaped, dwarf and round. Differences in leaf type such as
curled, broad and narrow were also observed.

In the winter of 1982-83, several greenhouse plants were analyzed for
oxalate content. These plants were divided into a high and low oxalate group
and were transplanted in the greemhouse isolation chambers for a seed increase.
Three other seed increase isolations were developed by transplanting field
grown plants in the greenhouses. The selections were as follows and were
based upon oxalate content of individual plants:

20 plants selected for low oxalate from inbred population
20 plants selected for low oxalate from wild population
20 plants selected for high oxalate from wild population

Two types of seed were produced in greenhouse isolation, based on selection

10



for salt tolerance. 8ince description of each seed line was cumbersome, an
abbreviated descriptive name was given to each seed line in this test. Fur-
thermore, each seed line falls into one of four categories. Listed below are
these seed lines by category and abbreviated name:

1. Three seed lines that are the result of allowing isolated cross-—
pollination of plants that showed similar oxalate levels to each
other but significantly different oxalate levels than the wild
population grown in the field during 1982. These individuals
were transplanted from the field into the appropriate greenhouse
isolation bay in the summer of 1982. Seed is classified accord-
ing to the parent population:

a. PLONGT - Pedigreed individuals with low oxalate content
b. WLONGT - Wild individuals with low oxalate content
¢c. WHONGT ~ Wild individuals with high oxalate content

2. Two seed lines that resulted from the cross-—pollination of indi-
viduals whose parents showed significantly higher oxr lower oxalate
content than the wild population of 1981. Seed from individuals
grown in 1981 was greenhouse planted in isolation chambers in 1982.
Individuals were sampled and analyzed for oxalate content. Those
individuals that did not exhibit the oxalate level expected were
rogued before cross-pollination was allowed.

a. PLOOGS - Low oxalate
b. PHOOGS - High oxalate

3. Two types of seed with respect to variation in the salt selection
scheme:

a. STCW - Seed from parents that were germinated in 20 g/l NaCl

and treated only with 24 g/l NaCl while in pots prior to
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transplanting in soil
b. STLS - Seed which differed from that above only in that an ini-
tial irrigation with tap water preceded treatment with 24 g/1
NaCl solution
4. Wild seed to be used as a check

A replicated test, using the above mentioned eight lines, was planted in April
of 1983. The seed lines were tested under three moisture regimes (dryland,
limited irrigation and full irrigation) and replicated five times. Plot size
was a single 40-inch bed, 10 feet long, with two rows planted 10 inches apart
in each bed. The complete plot was harvested twice for yield. Four hail
storms were experienced during the growing season, causing considerzble damage
and a great amount of variability. The results were of questionable value.

Kochia childsi is an ornamental species sold by several seed companies.

1t has a barrel or bush shape architecture and a high leaf-to~stem ratio.

Crosses between Kochia childsi and Kochia scoparia were made and field tested.

During the eight years of this investigation, over 23,700 field plants
and 1,155 greenhouse plants were observed in the plant breeding program (table
2). As the program developed, several preliminary but germane experiments
were conducted. These experiments were designed to determine the oxalate con-
tent in various plant parts: leaves, stems, branches, and the effect plant
age had on oxalate content. Both oxalate percentages and alkaloid readings
were observed under different environmental conditions: dirrigated, dryland,
greenhouse, plant development, etc.

Greenhouse tests were conducted to determine the salt tolerance and ferti-
lizer requirement of kochia. A greenhouse pot experiment was started October
7, 1981, growing kochia in soil contained in 1.9 liter pots. Due to the sticky

nature of the local silty clay loam soil, 1/4 sand and 1/4 peat moss were added

12



Table 2. Number of kochia plants planted in field and greenhouse nurseries
for breeding improvement from 1979 through 1986

Number of Plants

Year Field Greenhouse
1979 19
1280 500
1981 4,500 340
1982 4,550 600
1983 3,600 215
1984 3,390
1985 4,600
1986 2,580

Total 23,739 1,155

'2,600 planted in April; 1,950 planted in July

by volume. After establishing cne plant per pot, plants were irrigated with
tap water containing 0, 1.36, 2.71, 4.01, 5.43, 8.14 and 10.85 g/liter of
added NaCl. Ten replications were used and water was added to the pots peri-
odically to bring up to field capacity as determined by weighing the pots.
The plants were harvested January 13, 1982,

A second pet experiment, over a wider range of salt levels, was started
during the spring of 1982. The NaCl levels used were 0, 2.72, 5.44, 8.16,
10.88, 13.6, 16.32, 19,04 and 21.76 g/liter. Seven replications were used and
plants were harvested after 144 days.

A third pot experiment during the fall of 1982 was run, using the same
salt levels and procedures as in the preceding study except that more of the
water was allowed to leach through the pots in order to prevent a salt buildup.
Plants were harvested after 76 days.

A fourth pot experiment in the spring of 1983 had treatments extending up

13



to 43.5 g/liter of NaCl in the irrigation water. Harvest was after 90 days of
growth.

A fifth pot experiment in the fall of 1983 had salt applied directly to
the soil at 0, 112, 224, 448, 897, 1794, 3588 and 5381 kg/ha and was watered
with tap water.

A sixth pot experiment in the spring of 1984 involved varying levels of
s0il applied sodium, potassium, chloride and sulfate on kochia growth. The
pots were reseeded in the fall of 1984 and a second crop of kochia obtained.

A seventh pot experiment in the spring of 1985 involved a base treatment
of high sodium, potassium and chloride with low sulfate. Treatments included
varying levels of sodium, potassium, chloride, sulfate, magnesium, calcium and
phosphorus.

An eighth pot experiment was started in the fall of 1985 to study the
effect of potassium, magnesium, calcium, sulfate and phosphate on kochia
growth when watered with tap water (low salt) or high salt water (14 g/liter

of NaCl).
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RESULTS AND DISCUSSION

The original objectives of this project were to develop kochia cultivars
that had low oxalate content, high protein percentage, high total digestible
nutrient (TDN) content, and that were vigorous and very leafy. An additional
objective, developing a low alkaloid cultivar, was started in 1983, Table 3
gives correlation coefficient values for the various physical and chemical
attributes under study. Many of the correlation values were significant at
the 5 and 1% levels of probability. The number of plants observed for the
various attributes varied from 453 to 676. Two of the highest correlation
values were in a positive direction for plant breeding selections; vigor and
height (0.444), and vigor and leafiness (0.697). However, other correlations
had a negative effect on plant breeding selection pressure; percent oxalate
and protein (0.539), oxalate and leafiness (0.214), oxalate and alkaloid
(~0.138), and oxalate and TDN (-0.246). Plant vigor was positively associated
with alkaloid content (0.165), leafiness (0.697), percent protein (0.238), and
percent oxalate (0.103). Height was associated positively with stem color,
vigor, leafiness and percent protein. Stem color was significantly correlated
with plant vigor, leafiness and height, indicating the green stem types on the
average had higher vigor and leafiness ratings but were slightly shorter.

Although many of the correlations were significant, their values were not
high enough to be useful for predictive purposes. The correlation values also
indicate that considerable amount of variation exists and these associations
should not be a major constraint in plant breeding procedures if the various
traits have reasonably high heritability values.

Individual plants were harvested on August 25 and again on September 14

and the plants were divided into three different plant parts: leaves, branches
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and main stem.

had 2.5 to 4.0 times more oxalate content than the main stems.

The oxalate and protein results are shown in table 4, Leaves

Leaf protein

was 1.5 to 2.5 times higher than that found in the branches or stems. Both

the oxalate and protein content drops as the plants mature.

Table 4. Average oxalate and protein percentages for individuals sampled
for leaf-branch-stem analysis
Harvest Number of Plant Oxalate Protein
Date Plants Parts Percent Percent
8/25 11 Main stem 2.83 14.75
Branches 3.72 15.66
Leaves 6.62 26.95
9/14 10 Main stem 1.53 9.49
Branches 1.68 8.86
Leaves 6.06 22.55

Thirty individual plarts (preblooming stage) were randomly harvested on
June 10, 1982 (46 days after seeding), and weekly thereafter for six consecu-
tive weeks. These were sent to Dr. Woldeghebriel at the NMSU animal science
department for part of his Ph.D. thesis study (1983). In the seven-week period,

the leaf-stem ratio decreased from 1.9 to 0.6. Oxalate content of the leaves

17



remained fairly constant while the oxalate content of the stems decreased 507%.
Crude protein percent remained fairly constant in the leaves (25.3 to 24.0)
but showed a significant decrease in the stems (16.3 to 11.5). However, the
oxalate content for an individual plant basis does not change greatly during
the first 10 to 12 weeks of maturity.

Progenies from individual plants were grown in both the greenhouse during
the winter of 1981 and 1982 and in the field in 1982. Table 5 gives the average

cxalate and protein content of 14 lines grown under these two environments.

Table 5. Average oxalate and protein percentages for lines grown both in the
1981-82 greenhouse and 1982 field

Mean Oxalate Mean Oxalate

(% by weight) (% by weight)
1980 1981 1982 1981-82 1982 1981-82

Line No. Line No. field greenhouse field greenhouse

§-02 167 5.36 6.37 21.10 24.96
94 443 5.50 6.10 20.69 23.55
10-2A 669 5.84 6.35 <21,74 24,34
" 689 5.13 6.58 20.14 25.76
10-12 949 5.72 6.37 21.21 24.79
10-16 1050 5.02 6.36 20.40 24,79
11-2 1332 5.37 6.63 20.74 25.96
16--14 1800 5.39 5.78 20.20 22.56
" 1812 5.06 6.40 19.20 24,34
" 1816 4.90 6.22 23,91 23.84
17-6 1907 4,99 6.51 19,11 25.07
- w439 5.20 6.40 19.31 26.18
- W614 5.59 6.12 21.93 23.62
- w2089 5.59 7.28 19.80 27.69
Average 5.33 6.39 20.68 24,82
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The greenhouse environment produced a greater quantity of both oxalate and pro-
tein than occurred in the field. The correlation for the 14 lines under the

two environments was nonsignificant: 0,043 for oxalate and -0.394 for protein.
During the same winter, a replicated strain test was planted in the greenhouse.
Plants in replication 1 had the southermmost location while plants in replica-
tion 5 were the furthest north. The distance between these two different repli-
cations was less than 50 feet. Significant differences in replications were

detected among the five replications as shown in table 6. The southernmost

Table 6. Average oxalate and protein contents by replication of 48 selected
kochia lines grown in the greenhouse during the 1981-82 winter

Replication % %
Number' Oxalate Protein
2 6.96 a? ‘ 26.54 a
1 6.77 ab 26.78 a
3 6.50 b 24,94 b
4 6.08 ¢ 23.47 ¢
5 5.87 ¢ 22.89 ¢

'Replication 1 represents plants grown in the southernmost exposure while
replication 5 is the northern part of the greenhouse

2Duncan's multiple range test - means followed by the same letter are not
significantly different at the 57 probability level
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location produced plants with the greatest content of oxalate and protein and
the northernmost location produced plants with the least. The results are
probably related to leaf-to-stem ratios. The plants with the southern exposure
produced more leaves and finer stems than the northern group. These two exam-
ples demonstrate the sensitivity of these plants to minor environmental influ-
ences in the production of oxalate.

Selection Results for Oxalate

The results of the selection pressures applied to obtain high and low
oxlate breeding lines are given in table 7. Significant differences were
obtained in some years between the divergent selected families; however, in
1986, no differences were detected between the high and low selected families
even though some families had been under selection for six generations (figure
1). The analysis of variance given in table 7 shows significant differences
between years, selections, and the interaction between the two. When averaged
over all six years, a significant difference, although very small, was detected
between the high and low selected families. However, the wild population was
significantly higher than the families selected for high oxalate content.
Greater success was achieved during the first three years of selection (figure
1) when the average oxalate percentages were the highest. This selection study
suggests that oxalate content is not simply inherited but that its expression
is strongly influenced by environments. The data indicates that this character
has a low heritability that is poorly transmitted from parent to its progenies.
Therefore, environment has a very strong influence in determining the expres~
sion of this character.

Selection Results for Alkaloids

Table 8 gives the analysis of variance, year means, and selection means

for the alkaloid ratings. Significant differences were detected among year

20



ATTuey oT8urs B SB poleall pue Ieak UoBe Pa3se] aiem SPITA Q¢ ATorewrxoiddy,

98° % 9 (PPIORTISUN—PTIM = ¢
o'y 09 UOTIOVTBS MO =
By Y ]G UOT3I09T9s Y3TH = T
ueay SOTTTWE] T2A97T 2IBTBXQ
pe3IvaIIo) JOo °*ON
UOT3IODT2S Yoey I0J 9IBIEBX( 1Ud2I9d 10J SUBdY
£€0° Y 6¢ . 9861
6LY™ Y 6T G86T
689°¢ LT %7861
L6S* Y 0c £€86T
126"y 0¢ 7861
761°% €T T86T
uBR sorITIuRj ETEYS
P9199130) Jo *ON
Ie9x yoed I0J 21BTERX() 1U9DI3g I10J SUBIY
000~ 19°¢ L6°0 0T 0T WOT3oRADIUT
000" 8€°CC L3¢ 6T 9 Pa1031100 ARV}
pP939091100
000~ i7°12 0L°¢ L Z T9A9T 21BTBX(
9L°¢ 6T g po1o91I0dUn iBa}
p@3o%o110oun
1A L A 19491 831BIBXQ
LT°0 81 901 UIy3TH
000° rAARAS I1°¢ 9¢ 11 uaamlag
4 €Tt 1B30]
Jul019g (uryiTs) 21enbg saiaenbg uopas1g
A3TT1I9BqO1dg anTe) Jd ueopR JO ung Jjo
s20183(

986T ©3 1361
¢sjueTd BTYOOY UT @3B[EXO JuU9d1ad I0J SUOTIDSTSS pue SIBOL 103J SUBOW PUB DIIUBRTIBA JO STSATeuy °/ 3TqBL

21



This page intentionally left blank.

-22 -



¥6*y %9 P2109ToSUN-pPTIN

=€
887'% 88 UOTIVITOS MOT =
681°¢C Z9 uoT109T9s UYSTH = T
uesay SoTTTuRy ToA97 PTOTB{TV
pP21991109 J0 °*ON
U0T309TaS yoey 10J 3UTIBY PIOTBITY I0J SUBSW
AN 89 98671
0.8y €L G861
yZAS | A 7861
REET SOTTIWR] 1Ee9} .
. _Pe309110) jo *oN . .
1eax yoeryg 103J JUEley PIOTBYIV 10J SUBdy
910" 0T°¢ 9¢°1 S % UOT3oBIDIUT
000" T%°0¢ e ET (A9 [4 pe3291100 IE9X
p231931102
000" £L°9¢ IT°9T Lz 4 ToAST PIOTBATY
87 ET e A pajoai1iodun 1B3}
pe32aiiodun
67 91 Lz [A T2A9T PTOTEBATV
. 770 06 014 h aTyITH
000" %781 80°8 69 8 usamiag
GST tI¢ TBa0]
1ua219g (UTy3ITH) aienbg soienbg wopoaxg
A3TTEIqRQOag anyep J ueay Jo wng J0
sevi18a(

9861 03 %86T
‘sjueTd BTYOOY Uf sJuUTIBI DIOTENIB IO SUOTIDS[2S PUB SIBSL I0J SUBSW pus IDUBTIBA JO SISATeUy g 3Tqe]

23



means, selection means, and the interaction between years and selections. The
highest alkaloid ratings were obtained in 1984 while the lowest ratings were
recorded in 1986. Difference in selection pressure was observed each year and
when averaged over all three years, the low selection was significantly dif-
ferent from the high selection and the wilds. However, the high selection was
not significantly different from the wilds at the 5% level of probability (fig-
ure 2,
Environment also influences this characteristic as shown in table 9. The

data indicates that as plants become stressed, the alkaloid content increases.

Table 9. Alkaloid rating under different moisture regimes from the same
replicated test

Meisture Alkaloid
Regimes Rating
Irrigated 4,07
Dryland ) 4,81

Table 10 shows that as the plant matures, the alkaloid content also increases.

Flowering and seed setting may also be physiologically stress periods.

24



Ll
TR

AHLDHHDIIIMIN

s
AN

=

i
AARERERE ..




Table 10. Alkaloid rating of plants at different physiological growth

stages
Growth Alkaloid
Stage Rating
Preflower 3.35
Bud 4,58
Seed set 4.66

Selections for Phenotypic Characteristics

Several hundred selected plants and progenies were classified for stem
color. Plants classified as green-stemmed produced segregating populations,
which included some red-stemmed plants. Red-stemmed plants also produced
segregating progenies. Many ratios were obtained and studied, but no satis-
factory factorial genetic analysis was obtained. The genetic control of stem
color must be complex and, to some extent, influenced by environment. Stable,
true breeding lines of completely red or green stems were not obtained, even
with four to five years of inbreeding.

Other phenotypic characteristics studied were leafiness, leaf size, plant
architecture, and maturity. Selecting plants for leafiness was somewhat counter-
productive when selecting for low oxalate as the leaves contained higher amounts
of oxalate than the stems or branches (table 4). Several different types of
plant architecture were rated but, again, these characters could not be stabi-

lized into a true breeding cultivar,

26



Species Crosses

Crosses were made between K. scoparia and K. childsi. XK. childsi is an

ornamental and crosses readily with K. scoparia. The main attribute of inter-
est for K. childsi was its leafiness, and it had a high leaf-to-stem ratio.
It also had a red anther, which possibly could be used as a marker gene. Prog-
enies from these crosses did not produce any outstanding lines for the various
attributes under study in the investigations.

Because of the problems in stabilizing and developing true breeding lines,
the chromosome number was checked on several plants. All samples indicated the

Kochia scoparia used in these studies was diploid with 2n = 18 in 9 bivalents

with normal meiosis.

Replicated Yield Trials

The results of the replicated yield test of the eight selected cultivars
are shown in table 11. The results are of questionable value as the test was
hailed on four times and population per plot was greatly reduced. The stand
was extremely poor for cultivars PLOOGS and PHOOGS under dryland conditions,
which greatly reduced the yield.

In addition to the 180 mm of precipitation received during the growing
season, the fully irrigated portion received five irrigations and the limited
portion received three irrigations.

From the averages listed in table 11, it appears that most seed lines per-
formed at least as well for the limited irrigation treatment as they did under
full irrigation. The seed line STLS appears to have performed less favorably
under limited irrigation than it did under full irrigation or dryland condi-
tions.

One of the seed lines that appears to have performed better under limited

irrigation is STCW. This seed line resulted from the cross~pollination of

27



. 71 pue ¢ 1390120
11 pue Q1 *6 3Isndny
9 pue ¢ Ainr

13189a1ey pag
1183AI”Y puy
1189AIEY IS|

puels pood = ¢
puels 1ood £12Aa « | :21BDS,

92 0s21 $66 697 9%y 08 1091 L€y T0L €97 OEET %05 9€S 06 a8e19ay
KARY SE81 6951 [ZY R T4 B A 90Tt 766 9TIT 96Y SvLl v6S  SOL 9% #I1S
0y 7651 £9¢€1 0S¢ 969 Tz 881 16y 959 182 1Z81 S0L  §99  ISv SIS
8¢ 88¢ET 166 8y €ly 1€ 79el oy LEL S0z I8t 969 S99  1s¥ a1in
9°¢ TLST kZAAS %£9 079 OLT 2181 095 ot8 8% AR 9  1eS Glt 198014
81 [AXA L€6 8IS (6 IZ oSyl 166 swl LT 80£1 6% (9% T61 LONOHM
kA4 IN2AS 600T 605 6Ty 1L 80¢€T 097  w6S  ¥SC £SE1 96 €09 HST LONOTIH
0t €1s 9T1 0 68 44 e 10T %9%  9ST L6S 951 [AS S YA SO00Rd
01 L9 L8y 21T %St 1L £e6 €68 69% T¢L £6S 06T €9T 0O S1001d
e ii1m£\wx |||||| o a0t 2 0 7 e e i 4 e S 2 . . e 18 s

,Buyiey adwliaay 18301 € FA 1 18301 [ F4 1 TB30L [4 b4 1 1vATITRD

pue3g pusTiaqg uo0y1e8F731] PeITTY] peiedyail
£86T ‘sswr8aa sinisiow 2314yl Iapun
SIEAT3IIND BIYD20Y 13y8te uy (uorieindod) Buljei puels pue (SISVAIeYy () I933BW AIp JO PIITL 3deiog 1T 2Iqel

28



plants which were germinated in 20 g/l NaCl and grown in 24 g/1 NaCl solutions.
Germination in salt water was done in hopes of obtaining more drought and salt
tolerant lines. STLS differed from STCW in that the parents were initially
irrigated with tap water. Many more seeds germinated after the tap water irri-
gation, and it was not possible to distinguish which plants had germinated in
the salt solutions.

Two replicates for each of four seed lines were quick tested for alkaloid
content under all three irrigation treatments during September to observe
whether or not differences between lines and moisture stressed conditions were
present

Poisoning of cattle grazed on kochia has been reported by several veteri-
narians to occur after rains preceded by long periods of drought.

The data presented in table 12 indicates that compounds responsible for

Table 12. Alkaloid test ratings averaged over four cultivars and two replica-

tions
Alkaloid Fully
Test Date Irrigated Dryland
——————————————— ratings~

September 7 4.05" 4,88%

13 4.62 5.04

16 3.58 4,66

20 3.95 4.55

27 4,00 4.86

Average 4,04 4.71

'Irrigated on September 7
26,3 mm of rainfall between September 7 and 13
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the alkaloid test reaction are present at higher levels following natural pre-
cipitation and irrigation with ground water. Plants were initially tested on
September 7, prior to irrigation on the same date. Precipitation of 6.3 mm was
also recorded between September 7-13. Alkaloid test averages for both the
fully irrigated and dryland treatments were increased when checked September
13. A decrease in rating averages was noted on the 16th and subsequent rating
averages showed a general tendency to increase, probably due to plants reaching
maturity.

Overall alkaloid test averages were found to be 4,07, 4.14 and 4.81 for
the full irrigation, limited irrigation, and dryland treatments,

Of the lines tested, STCW showed the greatest difference with respect to
alkaloid test rating averages from the wild line. Listed below are the lines
tested along with their average rating:

STCW - 4,10
STLS ~ 4,30
WLONGT - 4.45
WILD - 4.52

Because the rating resulting from the Dragensdorff test appears related to
moisture stress, it follows that those individuals least affected by stress
might possibly produce lower quantities of substances, which cause the reaction
observed in the alkaloid test. The lines STCW and STLS also have performed
well with respect to yield data collected thus far.

Greenhouse Studies

The yield of kochia dry matter (table 13) varied only slightly with in-
creasing salt (up to 10.85 g/l) in the irrigation water. This finding indi-

cated a high degree of salt tolerance by kochia and that rates needed to be
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greater in order to find the point of decreasing yields.

Crude protein and

phosphorus levels increased considerably with increasing salt levels.

Table 13. Yields and chemical composition for kochia plants grown in the
greenhouse under various salt solutions, 1982

NaCl Dry Weight Oxalate Protein Ca P

g/l g/pot % % % %
Check 4,09 a' 4.96 a 20.41 ¢ 0.328 b 0.092 4
1.36 2.99 b 5.00 a 20.37 ¢ 0.367 a 0.099 cd
2.71 3.72 ab 4,72 a 20.66 c 0.367 a 0.102 bed
4,01 3.10 b 5.03 a 21.67 bc 0.350 a 0.113 be
5.43 4,10 a 4,67 a 21.54 be 0.323 b 0.120 b
8.14 4,09 a 4,92 a 22,73 ab 0.310 b 0.132 a
10.85 4.56 a 4.56 a 24,04 a 0.328 b , 0.139 a
Average 3.81 4.85 21.63 0.338 0.114
LSD .05 0.82 ns 1.31 0.023 0.017
LSD .01 ns ns ns ns ns

Cv, % 21.31 3.90 6.01 6.600 24.900

'Duncan's multiple range test.

cantly different at the 57 level of probability.

ns

nonsignificant

Means followed by same letter

are not signifi-

In the second greenhouse trial (table 14), dry matter yield levels

started to drop off after the 5.44 g/l level in the irrigation water. This
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trial was carried longer than the first trial, and it is likely that salt was

beginning to accumulate since very little leaching of the pots was allowed.

Table 14. Yield and composition of kochia forage as affected by salt con~
centration of the irrigation water, 1982

Yield of
Irrigation Water Dry Matter Protein Oxalate
NaCl, g/1 g/pot % %

Check O 13.59 8.61 2.27
2.72 13.13 9.59 2.44

5.44 17.16 8.97 2.35

8.16 14,27 11.74 2.60

10.88 13.15 14.36 2.98

13.60 11.06 14.32 2.97

16.32 8.66 17.07 3.43

19.04 10.42 15.74 3.23

21.76 8.81 15.66 3.23

LSD .05 2.92 2.42 0.28
cv, % 22.30 17.60 9.10

Trial 3, using the same salt levels (table 15) but with more leaching,
resulted in dry matter yields peaking out at about 13.6 g/l and only a small

drop in yield at the 21.76 g/l level of salt. This finding indicates strong
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salt tolerance of kochia and a very good possibility for a crop capable of

using the large amount of brackish underground water in New Mexico.

Table 15. Yield and composition of kochia forage as affected by salt con-
centration of the irrigation water, 1982

Yield of
Irrigation Water Dry Matter Protein Oxalate
NaCl, g/1 g/pot % %
Check O 3.75 16.23 3.30
2.72 5.34 12.36 3.10
5.44 6.06 12.28 2.83
8.16 6.71 14.89 2.89
10.88 5.32 15.25 3.09
13.60 6.93 13.21 2.91
16.32 6.27 18.00 3.10
19.04 5.83 12.92 3.12
21.76 5.50 15.33 3.11
LSp .05 0.54 1.24 0.23
CV, % 10.60 9.50 - 8.30

The fourth trial extended the salt levels of the irrigation water to 43.52
g/l which is greater than that of sea water. The yields (table 16) for the

first half of the salt levels are very similar to those obtained in the third
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Table 16. Yield and composition of kochia forage as affected by salt con-
centration of the irrigation water, 1983

Yield of
Irrigation Water Dry Matter Protein Oxalate
NaCl, g/1 g/pot % %
Check O 3.42 14.32 2.99
5.44 5.91 15.08 2.90
10.88 6.26 16.04 2.97
16.32 5.17 18.17 3.32
21.76 3.18 20.28 3.50
27.20 2,47 22,07 3.93
32.64 1.54 24,09 3.96
38.08 0.89 23.13 3.88
43.52 0.55 22.95 3.70
LSD .05 0.83 1.26 0.26
cv, % 26.80 7.30 8.60

trial, However, this is more of a cubic relationship as the salt levels go on
out above sea water levels. While relatively small, the plants were still
maintaining some growth even at the greatest salt levels.

In the fifth trial, with NaCl added directly to the soil at rates up to
5381 kg/ha, dry matter yields (table 17) increased up to the 448 kg/ha level.
Above this level, yields varied with no definite trend. STLS, a salt tolerant
selection, was higher in yield and TDN but lower in protein and oxalate than
the wild kochia.

A sixth trial explored the effects of soil applied Na, K, Cl and sulfate

at various levels on vields of kochia dry matter (tables 18, 19, 20 and 21).
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Table 18. Yield and composition of kochia forage as affected by soil ap~
plied sodium, potassium, chloride and sulfate, 1983

Dry Pro- Oxa- Alka~  Conduc-
Applied Nutrients' Weight tein TDN late loid tivity
Na K C1 S g/pot 7% % % rating mmho/cm
~-—=Coded Levelg—~~
-1 -1 -1 -1 6.65 19.4 59.2 4.81 4,0 G6.31
+1 -1 -1 -1 10.21 18.7 66.0 4,77 4.6 0.49
-1+ -1 -1 8.88 18.4 64.7 4,85 4.6 0.55
+1  +1 -1 -1 9.15 18.5 63.9 4.69 5.0 0.52
-1 -1 +1 -1 9.78 19.6 70.1 4.94 5.0 0.5
+1 -1 41 -1 9.56 19.8 64.6 5.02 4.4 0.66
-1+ +1 -1 9.48 19.7 68.1 5.08 4,2 0.48
+1 +1 +1 -1 13.29 19.2 69.9 4.87 5.2 0.48
-1 -1 -1 +1 11.72 18.5 62.4 4.54 4.8 0.60
+1 -1 -1 41 6.64 19.3 60.7 4.99 b.b 0.78
-1 +1 -1 +1 7.92 19.1 60.0 4,88 4.6 0.66
+1 +1 -1 +1 9.21 19.0 68.3 4,75 4.2 0.59
-1 -1 41 +1 9.05 18.9 60.6 4.73 4,6 0.34
+1 =1 +1  +1 9.74 18.5 64,3 4.65 4.2 0.61
-1 +1  +1 41 9.76 19.3 67.6 4,93 4.8 0.87
+1 0 +1 41 +1 10.75 19.9 68.6 4,95 4.4 0.41
+2 0 0 0 10.19 18.1 67.8 4.58 4.6 G.64
-2 0 0 0 13.20 " 17.8 71.4 4,66 5.0 0.63
0 +2 0 0 7.78 18.6 65.2 4,68 4,4 0.53
0 -2 0 0 8.59 19.0 65.5 4,99 4.4 0.64
0 0 +2 0 9.42 18.8 63.9 4.90 4.2 0.51
0 0 =2 0 9.02 19.1 61.1 4,82 4.2 0.42
0 0 0 +2 10.58 18.0 67.7 4.58 4.6 0.54
0 0 6 =2 12.55 18.0 73.1 4,64 4.6 0.74
0 0 0 0 5.34 17.8 64.8 4,46 4.8 0.60

'Coded levels were: =2 = 0 kg/ha, -1 = 89 kg/ha, 0 = 179 kg/ha, +1 = 269
kg/ha, +2 = 358 kg/ha
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Table 20. Yield and composition of kochia forage as affected by soil ap-
plied sodium, potassium, chloride and sulfate, 1984

Dry Pro- Oxa- Alka~  Conduc-
Applied Nutrients' Weight tein TDN late loid tivity
Na K ¢l S g/pot yA % 7% rating mmho/cm
~--Coded Levelg-—-
-1 -1 -1 -1 1.03 23.01 75.5 7.01 2.6 1.98
#1 -1 -1 -1 0.39 23.11 81.2 7.54 2.8 1.66
-1 +1 -1 -1 0.40 24,21 73.3 7.26 3.0 1.50
+1 41 -1 -1 0.56 22.15 73.8 7.01 3.2 1.83
-1 -1 +1 -1 1.39 21.96 72.4 6.76 3.2 1.34
+1 -1 +1 -1 1.59 21.95 73.8 6.63 3.0 1.00
-1 41 +1 -1 1.66 21.86 67.7 6.59 3.4 0.79
+1 +1 +1 -1 1.93 22.53 75.4 6.57 3.0 0.88
-1 -1 -1 +1 1.84 21.69 70.8 6.46 3.2 1.13
+1 -1 -1+ 1.07 21.80 70.6 6.85 2.8 1.43
-1 +1 -1 +1 1.43 21.98 67.4 6.45 3.2 1.20
+1  +1 -1  +1 1.07 21,86 74.8 6.52 2.6 1.30
~1 -1 41 +1 1.30 21.72 71.0 6.45 3.0 1.18
+1 -1 +1 +1 1.43 21.10 66.9 6.26 3.6 0.95
-1  +1  +1 41 1.80 22.14 66.8 6.36 3.0 1.27
+1  +1  +1 o+l 2.31 22,20 78.3 6.43 3.2 1.01
+2 0 0 0 0.73 22.61 81.5 6.89 3.0 1.13
-2 ¢ 0 0 2.11 22,41 81.8 6.51 3.2 0.84
0 +2 0 0 0.93 22,98 73.3 6.82 2.8 1.43
o -2 0 0 0.66 22.00 67.5 6.82 2.8 0.89
0 0 +2 0 1.00 23.55 66.9 679 2.8 0.99
0 0 =2 0 1.34 21.46 69.2 6.31 3.0 1.03
0 0 0 42 0.98 23,36 73.6 6.94 2.8 1.00
0 0 0 =2 1.77 22.25 67.8 6.28 2.4 0.86
0 0 0 0 1.75 22,69 70.4 6.48 3.0 0.94

‘Coded levels were: -2 = 0 kg/ha, -1 = 89 kg/ha, 0 = 179 kg/ha, +1 = 269
kg/ha, +2 = 358 kg/ha
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The optimum combination, as determined by regression analysis, called for high
Na, K and Cl levels with sulfate kept low. This combination should have
yielded about double that of the check, however, a second planting in the same
pots resulted in considerably different results, indicating the necessity for
further work.

A seventh pot study was set up with a base treatment of 359 kg/ha each of
Na, K and C1. Sulfate was set at 0, N at 448 kg/ha, P at 45 kg/ha, Ca at 29
kg/ha, and Mg at 0 kg/ha in the base treatment. Each of the nutrients except
N was varied with all others as in the base treatment. Sodium and chloride
(table 22) had a relatively neutral effect on yield. Potassium at 90 kg/ha
yielded 40% above the check. The soil used in this test has not been found to
respond to K applied to crops in general. The soil test was high for K. This
finding indicates the response was due to the general high salt level. The
responses to sulfate, P, Ca and Mg (table 22) were much greater than expected,
also due to the high salt level. This increase indicates that the use of brack-
ish irrigation water may result in considerably increased fertilizer require-
ments for high commercial yields of kochia forage.

An eighth pot study explored the response of kochia to soil applied K,
Ca, Mg, sulfate and P at 14 g/l of NaCl in the irrigation, water compared to
irrigation water with no additional NaCl (tables 23 and 24).

The 1985 fall greenhouse experiment on response of kochia to soil applied
fertilizers indicated no effect in the saline watered part. Phosphorus at 90
kg/ha was the only nutrient response in the nonsaline water part of the study.
This low response rate was in contrast to the previous pot study on kochia where
several nutrients gave considerable response under saline conditions. The sa-
line check yielded 34% more than the nonsaline check, which was in line with

earlier studies, indicating an increase in yield with increasing salt levels.
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Table 23,

Effect of soil applied plant nutrients on yield and composition
of kochia (greenhouse pot study) when watered with low salt water,

1985
Dry

Treatment Weight Protein Oxalate TDN Alkaloid

kg/ha g/pot % A % rating
Potassium 45 4,44 21.5 5.82 72.5 3.6
90 4,19 20.5 5.31 62.9 3.4
135 4,12 19.0 5.06 75.4 3.2
Sulfur 90 4,62 19.7 5.21 71.2 3.6
180 4,16 21.5 5.77 69.3 4,2
270 2.61 21,2 5.57 61.8 3.2
Magnesium 180 3.67 19.2 4,98 69.4 3.0
360 4,93 20.6 5.40 70.4 3.2
540 4,39 19.7 5.30 74,1 3.0
Calcium 180 3.64 20.5 5.42 70.4 3.0
360 6.40 20.8 5.43 71.4 3.8
540 5.23 20.1 5.28 79.7 4,2
Phosphorus 45 5.37 20.3 5.40 68.8 3.4
90 11.46 21,4 5.57 72.3 3.8
135 6.56 21.3 5.51 67.7 3.6
Check 0 4,41 20.9 5.54 70.3 3.4
LSD .05 2,81 2.4 0.75 9.0 0.6
cv, % 44,40 9.4 10.90 10.1 12.9

Chemical composition (tables 23 and 24) indicated very little effect on

protein levels of kochia from either set of pots. Oxalate levels were almost a

whole percent lower in the salt-watered treatment. the nutrient treatments had

little effect on oxlate.

The treatments had little effect on TDN in either
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Table 24, Effect of soil applied plant nutrients on yield and composition
of kochia (greenhouse pot study) when water contained 14 g NaCl
per liter, 1985

Dry

Treatment Weight Protein Oxalate TDN Alkaloid
kg/ha g/pot % % % rating
Potassium 45 3.54 22.5 4,75 80.3 3.4
90 5.51 20.8 4,35 83.3 4,0
135 3.81 21.0 4,43 83.4 3.2
Sulfur 90 4,83 21.3 4,48 83.0 3.4
180 4,03 20.9 4,46 84,7 3.8
270 4,39 22,2 4,65 8l.4 4,2
Magnesium 180 4.85 22.6 4,72 78.7 3.8
360 6.05 21.1 4,33 84.4 3.6
540 4,76 21.7 4,43 77.4 4,2
Calcium 180 5.85 20.8 4,35 83.1 3.8
360 5.34 22.0 4,55 84.2 3.4
540 5.34 22.5 4,75 86.2 3.8
Phosphorus 45 4,16 20.5 4,33 79.7 3.4
90 3.81 22.1 4,14 74 .4 4.0
135 5.22 21.2 4,38 83.4 4.2
Check 0 5.93 20.6 4,29 84.2 3.2
LSD .05 2,36 2.6 0.50 8.3 0.8
Ccv, % 38.60 9.5 8.90 8.0 17.0

set, however, the general TDN level of kochia was considerably higher in the
salt treated pots than in the nonsalt watered pots. The alkaloid levels of

kochia were not appreciably affected by treatments.

44



SUMMARY AND CONCLUSIONS

Kochia scoparia has been established as a very drought tolerant and pro-

ductive forage crop. However, toxicity to grazing livestock sometimes develops
due to accumulation of an, as yet, unidentified alkaloid or alkaloids. A field
test for alkaloids involving Dragendorff's reagent has been developed to be
semiquantitative and is being used as a screening device. Slow but definite
progress is being made toward selecting for lower alkaloid levels in kochia.

At the beginning of this project, it was thought that the kochia plant
contained high amounts of oxalates that were toxic to cattle. Plants low in
oxalate content were selected for several generations. Although no lines were
developed that were trxue breeding for low oxalate, progress was made in lower-
ing the oxalate content in several selected lines. As the project developed,
it was concluded that alkaloids were probably the major toxins involved.

Several phenotypic characteristics were observed and studied but none
were isolated in a true breeding line. The identification and purification of
marker gene(s) are needed for detecting crosses. All attributes under study
were somewhat sensitive to different environments.

Greenhouse trials have confirmed that kochia is very salt tolerant, thriv-
ing in brackish water up to one-third the salt content ofbsea water., Thus,
kochia has high potential as a forage crop to utilize the vast quantities of
underground brackish water in New Mexico.,

It was concluded that work should be continued toward selection of lower

alkaloid strains of kochia as well as for increased leafiness and vigor.
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