| (Kool

L 022
BoYy
O
NUTRTIVE VALLE OF KOCHA SOCPARA AD PERFCRMANCE CF

CATTLE GRAZING KOCHA AT TUWOMAR, NEW MEX QO

BY
CHEIKH MBAYE BOYE, B.S., D.V.M
1
[ 3
*& ‘ A Thesis submtted to the Graduate School
» in partial fulfillment of the requirements
for the Degree
Master of  Science
Ry -
!

Major Subject: Animal  Science

o

e

New Mexico State University

Las Cruces, New Mexico

Decenber 1983



o ———— [ Te

"Nutritive Value of Kochia Scoparia and Performance of Cattle Gazing

Kochia at Tucuncari, New Mexico," a thesis prepared by Cheikh Maye
Boye in partial fulfillment of the requirements for the degree, Master

of Science, has been approved and accepted by the follow ng:

Wlliam H  Matchett
Dean of the Graduate School

Chairman of the Examning Commttee

Daté

Commttee in charge:
Dr. Herman Kiesling, Chairman
Dr.  Mchael Galyean
Dr. Dennis Hallford

Dr. Mhammed Hussain




My thanks to:
ny parents for

ny country for

ACKNOWLEDGEMENTS

raising me wth love and understanding

giving me the opportunity to express nyself in

all ny potential and ability

D. Kesling for all the advice and support he provided me

during all ny stay at NVBU

the nenbers of

presence

ny examning conmttee for

honoring me by their



VITA

Decenber 19, 1952 = Born at Kaolack, Senegal

1979 = Doctorate in \eterinary Mdicine (DV.M), Inter-States School

of Veterinary Science and Medicine

1979 - Scientist in Senegalese Agricultural Research Institute

(I.S.R.A.)

PRCFESSI ONAL  AND  HONORARY  SOO ETIES
Arerican Society of Animal Science

iv




ABSTRACT

NUTRTIVE VALLE OF KOCHA SOCPARA AND  PERFCRVANCE
OF CATTLE GRAZING KOCHI A AT TUCUMCARI,  NEW MEXI CO
BY
CHEIKH MBAYE BOYE, B.S., D.V.M

Master of Science in Animal  Science

New Mexico State University
Las Cruces, New Mexico, 1983

D. Herman E Kiesling, Chairman

e
pred

v ——
s

. Kochia scoparia is a forage abundant in the south mdwest and

used by many ranchers as forage crop. However, reports on its toxic-
ological effects on |ivestockhave nade sone researchers interested
in its study. In this study, forage sanples from two pastures of
Kochia collected by hand-clipping and esophageal fistula were anal-
- yzed, and performance of animals grazing those pastures were neasured
to evaluate (1) the nutritive value of Kochia, and (2) the aninal
response when grazing Kochia. Hand-clipped and esophageal fistula

sanples were collected every 28 days and analyzed for dry matter,
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ash, crude protein, acid detergent fiber, lignin, nitrate and oxalate
contents.  Animal weights were neasured every 28 days. Blood sanples
were taken from the animals grazing on Kochia three times during the
experinent for serum chemistry analysis. Chemcal analysis on hand-
clipped sanples showed a decrease (P<.01) in crude protein from

the beginning to the end of the summer growing season; an increase
(P<,01) in fiber and lignin as the season progressed; and no differ-
ence (P>.10) between before and after grazing. This indicates a high
nutritive value of Kochia during the growing stages which decreases
at mturity. Chemcal analysis on esophageal fistula sanples showed
no difference (P>.10) in crude protein, fiber and lignin content of
the forage as the season progressed, which is indicative of selective
grazing habits in animals for a high nutritive value forage. Animals
grazing on Kochia showed an appreciable weight gain during the grow-
ing stages of Kochia, but a loss of weight as Kochia matured. In-
creases Of Dblood urea nitrogen and serum enzymes during the |ast
period of grazing are indicative of kidney and liver disfunction,

probably due to toxins contained in Kochia.

vi




e

TABLE OF CONTENTS

Page

List of Tables. . . . . . . . . . . . . . Vi

List of Appendix Tables . . . . . . . . . ... ... ... i X
Chapt er

1. INTRODUCTION . . . . . . . . o o o o oo o 1

2. REMEW G LITERATURE . . . . . . . . . . . . . . .. 2

3, MATERIALS AND METHODS. . . . . . . . . . . . . . .. 5

4, RESULTS AD DISOSSION . . . . . . o o o o oo 1

Hand- A i ppi ng Sanpling . . . . . . . ... ... 1

Esophageal Fistula Sanpling. . . . . . . . . .. 13

Animal  Performance . . . . .. ... ... ... 18

5. SUMMARY AND CQONCLUSION . . . . . . . . . ... ... 26

6. LITERATURE CITED . . . . . . . . . . .. ... ... 27

7. APPENDI X: Supplementary Data. . . . . . . . . . . . 29




Tabl e

Tabl e

Tabl e

Tabl e

Tabl e

Tabl e

Tabl e

Tabl e

Tabl e

Tabl e

LIST OF TABLES

Page
Crude protein, fiber and lignin of hand
clipped Kochia scoparia throughout the
grazing season for two pastures at the
Northeastem Branch  Experinental  Station,
1982D L] . . L] L] L] L] - . . . . . . . . . . . . . 8
Qazing effect on protein, fiber, and lignin
contents of hand-clipped Kochia scoparia
during grazing season, 1982 . . . . . . . . . . . 10
Ntrate (ppm) and oxalate (percent)
variation of hand clipped Kochia during
growing season for the two pastures . . . . . . . 12
Grazing effect on nitrate (ppm and
oxalate (percent) contents of hand-
clipped Kochia during growing season. . . . . . . 12
Crude protein, fiber and lignin of
esophageal fistula collected Kochia
scoparia throughout the grazing season
for two pastures at the Northeastern
Branch Experimental Station, 1982 . . . . . . . . 14
Gazing effect on crude protein, fiber
and lignin of esophageal -fistula
collected Kochia during growing season. . . . . . 15
Nitrate (ppm) and oxalate (percent)
contents of esophageal -fistula Kochia
during growing season for the two
pastures. . . . . . . . .. 17
Grazing effect on nitrate (ppm and
oxal ate (percent) content of
esophageal - fistul a-col I ected Kochi a
during growng season . . . . . . . . . . . . . . 17
Daily weight variation in animls
grazing during the experinent in the
two pastures. . . . . . . ., . L 19
Blood mneral variations during the
period animals were grazing on Kochia . . , . . | 79

Viii




Tahl e

Tahl e

Tabl e

Tabl e

Tabl e

11

12

13

14

15

Blood mneral variations between
animals losing weight and animls
gaining weight during the time of
grazing on Kochia . o

Blood enzyne levels in animals
grazing Kochia.

Variation between pastures during
tim of grazing of blood urea
nitrogen (BUN and bilirubin (TBILI;

DBI LI ) . o

Variation between animals losing or
gaining weight in the tw pastures
of blood urea nitrogen (BUN and
bilirubin (TBILI; DBILI). :

Variation between aninals gaining
or losing weight for the grazing
time on Kochia for BUN, LDH and
bilirubin . e

ix

21

21

22

22

23




Appendix table 16

its

immture stage

LIST OF APPENDIX TABLES

Reference range of
constituents. .

(before bl oom ng),

serum

T T B S e ans -~ PO P ITR S

cut and ensiled or ecut and

Page

30

E



Appendi x

table 16

LIST OF APPENDIX TABLES

Reference range of serum
constituents. . .o

Page

30



| NTRODUCTI ON

Kochia scoparia (L.) Schrad (sunmer cypres, burning bush, fire-

weed, Kochia, fireball, belvedere, Mexican fireweed) belongs to the
goosefoot famly (Chenopodiaceae). It is a rapidly growng, annual
cool season plant, found throughout nost of the United States and
Canada, being particularly abundant in parts of Texas, Cklahong,
Kansas, Colorado and New Mexico (Sprows, 1981). It is mostly found
in areas of old plowed fields and where grasses and herbs have been
el i m nat ed. It grows well in alkaline soils and is extrenely drought-
resistant. It is used as forage by many ranchers, being grazed in
its immture stage (before bloomng), cut and ensiled or cut and

baled as hay. Few studies have been done on the value of Kochia as

a forage for livestock. The objectives of this study were to evaluate
the nutritive value of Kochia and to neasure performance of vyearling

steers gQrazing Kochia pasture.
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Kochia scoparia (L.) Schrad (sunmer cypres, burning bush, fire-

weed, Kochia, fireball, belvedere, Mexican fireweed) belongs to the
goosefoot  famly (Chenopodiaceae). It is a rapidly growing, annual
cool season plant, found throughout most of the United States and
Canada, being particularly abundant in parts of Texas, Cklahoma,
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resistant. It is used as forage by many ranchers, being grazed in

its immature stage (before blooming), cut and ensiled or cut and
baled as hay. Few studies have been done on the value of Kochia as

a forage for livestock. The objectives of this study were to evaluate
the nutritive value of Kochia and to neasure performance of vyearling
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REVIEW CF LI TERATURE
Chemcal conposition changes wth plant maturity are reasons for
studying nutritive variability of forage throughout a growing season.

Phillips et al. (1954) found a decrease in crude protein, acid-soluble

ash and ether extract and an increase in crude fiber and lignin during
the process of maturation. These workers also found a positive corr-
elation between lignin, cellulose and crude fiber and a negative
correlation between these and crude protein.

Jefferies and Rice (1969) found that during a year of average or
bel ow- average precipitation, nutrient analysis of clipped grasses
reasonably approxinated nutrient values on short-grass ranges. During
a year of above-average precipitation, cattle diets changed and analy-
ses of clipped forage underestimated nutrient values.

A study of Kochia scoparia showed that the dry matter and crude

fibe}: contents increased while crude protein decreased as stage
of mturity advanced (Sherrod, 1971). Forage from Kochia had conpara-
tively high nutritive value particularly in the early growng stages
(Finley and Sherrod, 1971) and it had a crude protein and digestibil-
ity conparable to alfalfa hay. Kochia also inproved digestibility of
energy conponents when mxed wth alfalfa hay (Sherrod, 1973) which
suggests that it could provide an acceptable forage in its early
stages.  Erickson (1947) showed that Kochia had a high forage value
because of its high digestible crude protein and ash content.

Toxi col ogi cal effects have been reported followng Kochia con-
sunption. Dickie and Berryman (1979) reported polioencephal onal aci a

and photosensitization and found pulnonary congestive edema, hepatic
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necrosis and necrosis of proximal convoluted tubular lamna of neph-

rons. Sprows (1981) found sinilar effects in horses, cattle and
sheep and suggested that the toxicological effects vary wth the
length of grazing time, initial condition of the animal and availa-
bility of other feed and ninerals.

Lodhi  (1979) isolated phenolics and flavanoids from |eaves of
Kochia and found that these phytotoxins do not inhibit germnation
but retard growh later, essentially explaining the high density but

drastic reduction of growh in the second revegetation of Kochia.

Kochia also contain saponins, nitrates, oxalates and alkaloids, which

may alSO contribute t0 the toxicological effects (Coxworth et al.,
1969). Davis (1979) found that Kochia forage accunulates oxalates
which can be toxic depending on environmental conditions. However,
in calves fed Kochia for 120 days, James (1980) did not find signif-
1cant changes in calcium phosphorus and serum glutamic oxal oacetic
transaminase levels, although the calves did gain less weight than
expected from animals of simlar size and age.

Gilitzer and Cehme (1979), in their review of Kochia toxicity
in cattle, concluded that the toxicity syndrone occurs in the late
summer, usually after the first rain followng a drought; that a1-
though saponins, oxalates, alkaloids and nitrates have been identi-
fied in the plant, the specific etiologic toxin is unknown; that
affected cattle are those that have not grazed lush green plants.
These researchers also suggested that Kochia is not always toxic,
but when toxic it affects only a small percentage of the herd and,
therefore, the variability in toxicity could be due to disease or

envi ronment al condi tions.




Sanpling of forage for nutritive value has been wth hand-clipped
sanples but the selective feeding habits of animals led to the use of
esophageal -fistulated animals to allow a better assessnent of the
nutritive value of forage being consumed by the particular species.
Scales et al. (1972) and Barth et al. (1970) found sanples from esoph~
ageal -fistulated aninals to have lower acid detergent fiber and 1ig-
nin and higher crude proteln than sanples collected by hand-clipping.
Mastication, salivary contamnation and |eaching have been shown toO
increase or decrease the crude protein |evel depending on the forage
(Scales et al., 1974). Hgh drying tenperature (55°C) increases acid-
insoluble and acid-detergent fiber levels of sanples from esophageal
fistula (Barth et al., 1970; Scales et al., 1974). Barth and Kazzal
(1971) found that the selective behavior of animals for feeds results
ixlxél.ntake of forage high in crude protein. Long fasting time had no
effj‘?éct on acid detergent fiber but decreased the crude protein level

by elimnating selectivity of the animals (Qings and Mrris, 1977).




MATERIALS AND METHODS

Field study was conducted at the MNortheastern Branch Experinent
Station at Tucuncari, New Mexico, which is located in a semarid area
with distinct seasonal changes and wde daily ranges in tenperature.
Sunmer tenperatures are warm wth daily maxinum averaging above 32°C
and rapidly falling after sunset to 15°C. Precipitation averages
382 mm a year with nost falling from April to Septenber. Rains are
often heavy, of short duration and sonetines acconpanied by hail.
Even though nost rain falls during the growing season, distribution
is variable and erratic, resulting in conditions unfavorable for dry-
land farming (WIlianms, 1977).

Two pastures (east and west) of 2.4 ha each were seeded during

the 1982 spring season with Kochia scoparia on 76 cm rows at a seed-

ing{%rate of 4.5 kg/ha. Pastures were fertilized just after seeding

witﬁ 90 kg of nitrogen (N and 22 kg of phosphorus (P) per ha. Each
pasture was subdivided into 4 paddocks which were grazed for a 7 days
fon" and 21 days "off" sequence. Each pasture was grazed by 18 year-
1ing steers (averaging 182 kg + 25.11 in the east pasture and 184 kg
4+ 22.41 in the west pasture). Cattle were weighed every 28 days dur-
ing the study (summer 1982) with the initial and final weights being
an average of weights obtained on two comsecutive days.

Hand-clipped forage sanples were collected every 28 days at three
different locations (top, mddle and far end of each paddock) of the
paddock just grazed and the one to be grazed in each pasture. Sanples
were also collected by esophageal-fistulated cows (using Screen wire

bottom canvas bag and two cows per paddock for every collection) every

5
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28 days. (ollections were done early in the morning, then sanples

put in plastic bags were transported to Qayton in an ice-chest, where
they were dried at 55°C in an oven, then put in a paper bag. Sampl es
were then sent to Las (Cruces at the university laboratory where they
were grounded in 2-mm screen mll. All sanples were analyzed for dry
matter, ash, crude protein, acid detergent fiber and lignin, oxalates
and nitrates (A OAC, 1980). Chenmcal conposition of Kochia was
determned four tinmes during the summer.

Blood sanples were collected early in the norning using vacu-tube.
(ol lection was done three times (at the beginning of the experinent,
after 56 days and at the end of the experiment) for serum chemstry
anal ysis. After collection, blood sanples were put in an ice-chest and
sent to Qayton, where they were centrifuged (2000 g) and stored fro-
zen wmntil analysis. Time between collection and spinning was 6 hours.
All samples Were evaluated by a similtaneous multi-channel computerized
anaiyserl (SMAC) .

Statistical analysis of the data collected was done using an
analysis of variance Wth |east-square means (LS means), a partial
differential (PDIFF) in a conpletely randomzed linear nodel design.
The nodel used pasture, time of sanpling (before or after grazing)

and period of the summer as classes.

Ljohn P. Thilsted, D.V.M, Ph.D. New Mxico Department of Agricul-
ture, Veterinary Diagnostic Services, Al buquerque, New Mexico 87106.




RESULTS AND DI SOUSSICN
Hand- i ppi ng Sanpl i ng

Crude protein in the east pasture of Kochia forage showed a de-
crease (P<,01) from the beginning ta the end of the summer grow ng
season with values (mean + SE) ranging from 24.8 to 16.1 (+ 1.6%.
The same trend occurred in the west pasture of Kochia forage wth
values from 24.9 to 15.1 (+ 1.6% (table 1). There was no difference
(P>.10) in crude protein content of forage between the two pastures
for the same period of sanpling except for the third period when the
protein value was higher (P<.01) in the east pasture than in the west
pasture.  This may be due, as suggested by Lodhi (1979), to the fact
that phytotoxins produced in the east pasture had nore inhibitive
action on regromh than that produced in the west pasture. A higher
:Levg%l of nitrogen in the west pasture soil may have also caused a
r;ap:td growth, thereby showing a nore rapid naturation of the plant
and an early decline in crude protein value. The overall early high
,grude protein level has also been found by Sherrod (1971) and Finley
and Sherrod (1971).

Fiber content of the forage varied from 21.3 to 32.3 (+ 1.5 in
the east pasture and from 22.3 to 357 (+ 1.5 in the west pasture
(table 1). The same trend in increased |evel of fiber content is
shown in the two pastures. There was no difference (P>.10) in fiber
content for a particular period between the two pastures. The slight
decrease in fiber between the third and fourth period may be due to
irrigation applied or rainfall at that tinme which would allow for a
regrowh of fresh leaves, thereby decreasing the fiber content of the

plant. 2




Table 1. Crude protein, fiber and l_ignin nf»hand—clipped Kochia scoparia throughout the grazing

season for two pastures at the Northdastern Branch Experimental Station, 1982.g

June 3rd July 1st July 29th Sept. 16th Sé?pg?rd Sggl&e

EAST PASTURE Percent of organic matter

Protein 24.8% 21.82 23.92 16.1° 1.68 24

ADF 21,3° 22.5° 32,29 31.6% 1.52 24

ADL 4.1° 4.48 10.7% 7.9% 0.75 24
WEST PASTURE

Protein 24.92 20.0% 16.1P 15.1° 1.68 24

ADF 22.3° 26.8° 35.7¢ 33.1¢ 1.52 24

ADL 4.28 4.58 8.4f g.1f 0.75 24

a’bb'leane; for protein values wth different superscripts differ (P<.01).
¢s%eans for fiber values with different superscripts differ (P<.05).
’fMeans for lignin values with different superscripts differ (P<.05).

€ |S means values were used, and interaction between pasture and period of sampling was
significant (P<.01).




Lignin content varied from 4.1 to 10.7 (+ .7) in the east pasture
and from 4.2 to 8.4 (+ .7) in the west pasture (table 1). There was
no difference (p>.10) between lignin content of forage collected at
the same period in the two pastures. The same pattern of variation
occurred in lignin as wth fiber content throughout the naturation
process.  The increase in lignin and fiber and the decrease in crude
protein as the plant natured agrees with the positive correlation be-
tween lignin and fiber content coupled Wth a negative correlation
between these variables and crude protein reported by Phillips et al
(1954)

The protein level before grazing (table 2) decreased (P<.05) as
the season progressed from values of 26.3 to 13.7 ($1.6). The leve
of erude protein after grazing also decreased (P<.05) as the season
adv%nced (table 2). There was no difference (P>.10) in protein |evel
between before and after grazing for the same period of sanpling.

Fiber content increased (P<.01) from 21.5 to 35.3 (+ 1.5) be-
fore grazing and from 22.1 to 32.6 (+ 1.5) after grazing (table 2).
There was no difference (P>.10) in fiber content between before and
after grazing for the same period of sanpling.

Lignin values increased (P<.01) from the beginning of the study
to the end of the experiment with values ranging from 4.2 to 10.1
(+ .7) before grazing and from 4.2 to 9.0 (+ .7) after grazing
(table 2). There was no difference (P>.10 between before and after
grazing.

This lack of difference in nutritive value of forage between
before and after grazing may be due to a |ow stocking rate so that

livestock were not able to graze enough of the forage to nake a




Table 2. Grazing effect On protein fiber, lignin content of hand clipped Kochia scoparia during
grazing season, 1982.5
June 3rd July st July 20th sept. 16th  SLandard samp! ¢
BEFCRE (RAZING Percent of organic matter
Protein 26.3% 21.4° 20.1% 13.7° 1.68 24
ADF 21.5' 26.2¢ 35.3d 34,44 1.52 24
ADL 4,28 4.58 10.1f 8.3 0.75 2
AFTER RAZING
Protein 23.4% 22.5% 20.0% 17.5° 1.68 24
ADF 22.1° 23.1° 32.64 30.3¢ 1. 52 2
ADL 4.2° 4.1° 9.0 7.7% 0.75 24
a’bMeans for protein values wth different superscripts differ (p<.01).
c’dMeans for fiber values wth different superscripts differ (p<.01).
e’fMeaan for 1lignin values with different superscripts differ (P<.01).
B S Means values vere used, and interaction between time of grazing and collection time was

significant (P<.01).
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nutritional difference in forage value between before and after the
animal had grazed on the pasture.

Ntrate content of plants in the east pasture did not change
(P>.10) as the Kochia matured (table 3). In the west pasture nitrate
level s decreased (P<.01) as the growing season progressed (table 3).
Ntrate content differed (P<.0l) between pastures during the growng
stage (June 3, July 1) not (P>.10) at nmaturity (Sept.) (table 3).
This difference may be due to a higher nitrogen content in the west
pasture soil, which would allow higher nitrate drainage by the plant
in the west pasture.

Oxalic acid and oxalate salt content of the forage were fairly
high and decreased as the growng season progressed. There was no
difference (P>.10) between pastures (table 3),.

Ntrate levels decreased (P<.01) before grazing as the season
proéfessed. An increase (P<.01) followed by a decrease (P<.01) was
found in nitrate content after grazing as the experinent progressed
(table 4). There was a difference (P<.01) between before and after
grazing during the first period of sanpling with higher nitrate val-
ues before grazing, This may be due to the fact that at the beginn-
ing of the growng season, there were enough |eaves where the nitrate
accumnul ated to be wused;, but as the experiment progressed and the
animals used the leafy part, less nitrate may have been drawn from
the soil and, therefore, no difference between before and after gra-
zing.

xalate 1level decreased (P<.01) before and after grazing as the
season progressed (table 4). However, there was no difference (P>.10)

in oxalic acid content between before and after grazing at any
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Table 3. Ntrate (ppm) and oxalate (percent) variation of hand-
clipped Kochia during growing season for the two pastures.

St. Sample
June 3rd July 1st July 29th Sept. 16th err. size

NI TRATE Percent of organic matter
Fast Pasture  80.5% 87.7% 115.2% 78.4% 76.11 24
Vést Pasture 348.2°  452.7° 47.3%  86.6% 7611 24

OXALATE

East Pasture 2.0° 1.2¢ 1.1¢ 0.16 18
Vst  Pasture 2.3 1.7% 1.2¢ 0.16 18

2>Pveans for nitrate values with different superscripts differ (p<.01).
sdyeans for oxalate values with different superscripts differ (P<.01).

® LS Means Were used, and interaction between pasture and time of
sanpling was significant (P<.01) for nitrate.

Table 4. (Qazing effect on nitrate (ppm and oxalate (percent) content

b of hand-clipped Kochia during growng season.®
St.  Sample
June 3rd July 1st July 29th Sept. 16th err. gize
NITRATE Percent of organic matter
Bef or e 315.32 200 0®  54.6° 64.7° 76,11 24
Grazing
After 113.3°  331.3*  107.8°  100.3° 7611 24
Grazing
OXALATE
Before 2.4¢ 1. 7Cd 1. Od 0.16 18
Grazing
After 2.0° 1.2¢ 1.3¢ 0.16 18
Grazing

a’bMeans for nitrate values wth different superscripts differ (p<,01).

©dyeans for oxalate values wth different superscripts differ (P<.01).

© LS Means vere used, and interaction between time of collection and

before and after grazing was significant (P<.01) for nitrate.
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particular period of sanpling, which suggests that the oxalates are

uniformy distributed and accumulated in the whole plant.

Esophageal Fistula Sampling

Crude protein values varied from 18.2 to 141 (+ 1.2% in forage
collected in the east pasture (table 5). There was no difference
(P>.10) in crude protein between pastures or between the different
periods of collection. Selective grazing habits of the animals lead-
ing to the intake of high protein forage may be responsible for this
lack of difference in crude protein value throughout the grow ng
season.  These findings agree wth those reported by Barth and Razzal
(1971).

Fiber was higher (P<.01) for the first period of sanpling for
both pastures (east and west) than for the rest of the sanpling per-
iodn There was no difference (P>,10) in fiber values between pas-
’t,'urr;é for the same period of sanpling (table 5). Mreover there was
;ua difference (P>.10) in lignin content between pastures or between
sampling periods (table 5).

There was no difference (P>.10) in crude protein before grazing
as the season progressed. There was no difference (P>.10) in crude
protein after grazing between the different sanpling periods. Simi~
lar results were found for fiber and lignin content. However, a
difference (P<.01) was found in crude protein, fiber and lignin be-
tween before and after grazing for the same period of sanpling, with
higher crude protein before grazing and higher fiber and lignin

after grazing (table 6). This may be the effect of grazing animals




Table 5.  Crude protein, fiber and lignin of &sophageal fistula collected Kochia scoparia
t hroughout the grazing season far. two pastures at the Northeastern Branch Experiment
Station, 1982.& b

St andard Sanpl e
June 3rd July 1st July 29th Sept. 16th error size
EAST PASTURE Percent of organic matter
Protein 17. 42 18.22 14.1% 15.6° 1.24 15
ADF 35.2° 29. 8' 33.6°C 30. 8' 2.11 15
ADL 5,79 5.8¢ 5.49 6.0% 0.48 15
VEEST PASTUKE
Protein 18.6% 18.1% 16.6° 17.42 1.52 16
ADF 36.7° 29.7¢ 29.8° 29.7° 2.59 16
ADL 5,59 5.9¢ 5.69 5.8¢ 0. 58 16

2 Means for protein values with same superscripts are not different (P>.10).
b’CMeans for fiber values with different superscripts differ (P<.01).

d Means for lignin values with same superscript are not different (P>.10).

® LS Means were used, and interaction between tinme of collection and pasture was significant

(P<.01) for fiber.
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Table 6. Grazing effect ON crude proteim, fiber and lignin of
Kochi a during growing season.®

esophageal fistula collected

June 3rd July 1st July  29th Sept. 16th Sgﬁpg?rd Szgp;lee

BEFCRE (RAZING Percent of organic matter

Protein 18.6° 20.1% 19.12 20.5% 1. 24 15

ADF 29.1° 26.3° 27.8' 25. 4' 2.11 15

ADL 5.4° 5.4 4.8% 5.6° 0. 48 15
AFTER  CRAZING

Protein 17.4° 16.0° 11.6° 12.5° 1.52 16

ADF 42.8¢ 33,24 35.5¢ 35.19 2.59 16

ADL 5.9 6.3F 6.3 7.1 0.58 16
2:Pyeans for protein values wth different superscripts differ (p<.01).

>dyeans for fiber values with different superscipts differ (P<.01).

€ fpeans for lignin values with different superscripts differ

8 LS Means were used.

(P<,01).

ST
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which have taken the high value forage and left the low quality ome
after their passage and collected for after-grazing nutrient values

No difference (P>.10) in nitrate content was found between pas-
tures for the same period of sanpling (table 7). However, higher
(P<.01) nitrate level occurred in the second period of collection
than for the rest of the sanpling periods in both pastures.  This
mght be the effect of precipitation just before the second sanpling
period, which leads to an increase in nitrates drawn from the soil by
the plant.

(xal ate content was higher (P<.01) for the first sanpling
collection in the east pasture. There was a gradual decrease (P<.01)
in oxalate content in the west pasture as the experiment progressed
There was a difference (P<.0l) in oxalate content between the two pas-
tures during the third period of sanpling wth higher values for
a&gtgpasture forage (table 7).

;”* i‘N trate after grazing for the second period of sanpling was
,g:gﬁér (P<,01) than the rest of the sampling times either before
@?:gfter grazing (table 8). This difference may also be the effect of
Sfécipitation before the second after-grazing collection tine which
increases the nitrate drawn from the soil, and it was at a tine when
there were not as many |eaves available to wtilize it due to grazing;
therefore, nitrate wll accumulate in the plant

alate content was higher (P<.0L) for the first perfod of
sanpling in both before and after grazing than for the rest of the
sanpling periods either before or after grazing (table 8). However,
there was no difference (P>.10) in oxalate content between before and

after grazing for a wparticular sanmpling tine.
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Table 7. Ntrate (ppm) and oxalate (percent) content of esophageal-
fistula Kochia during growng season for the two pastures.

ST, Sample
June 3rd July 1st July 29th Sept. 16th err. Sl ze
NI TRATE
Fast Pasture 44.5% 261, 2" 14.0° 50,2% 53,97 15
Vést Pasture  47.25%  244.5°  50.7% 25.5%  66.10 16
OXALATE
c d d
East Pasture 1.9 1.2 1.6 0.14 12
West Pasture 2.3° 1.5% 0.9° 0.14 12
a,b

Means for nitrate values wth different superscripts differ (p<.01).

©sds€yoans for oxalate values with different superscripts differ
(p<.01).

LS Means were used, interaction between tine of collection and
pasture was significant (P<.01) for nitrate.

Tab;le 8. Qazing effect on nitrate (ppm) and oxalate (percent) con-
tent of esophageal -fistula-collected Kochia during growng
season, ©

St. Sample
June 3rd July 1st July 29th Sept. 16th err. size

NITRATE

Before 21.2 21.7 32,52 54,5  53.97 15
Grazing

After 70.5
Grazing

OXALATE

Bef or e 2.1¢ 1.44 1.14 0.14 12
Grazing

After 2.1 1.3 1.49 0.14 12
Grazing

48s.0®  32.22 21.22  66.10 16

% Pyeans for nitrate values wth different superscripts differ (P<.01).

c’dMeans for oxalate values wth different superscripts differ (P<.01).

® LS Means were used, interaction between time of sanpling and after

and before grazing was significant (P<.01) for nitrate.
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Qude' protein and lignin values from hand clipping (tables 1 and
2) were higher (P<.01) than those from esophageal fistula (tables 5
and 6). Fiber'values from esophageal fistula were higher (P<.01)
than those from hand clipping. Athough these findings are not in
accord with early reports from Barth et al. (1970) and Scales et al.
(1972); they mght have been due to the effect of salivary contanna-
tion and leaching on esophageal sanples which decrease the crude pro-
tein level, as suggested by Scales et atl. (1974) in their later report.
The high fiber level in esophageal fistula sanples may be due to the
effect of high drying tenperature which has an increasing effect on
fiber value, as suggested by Barth et al. (1970) snd Scales et al.
(1974). These differences in nutritive value between hand-clipped
sanples and esophageal fistula sanples may also result from a decrease
in animal selectivity leading to the intake of low nutritional forage
v&lé‘e.

Ani al Per f or mance

(rosshred vyearling steers grazed the Kochia pastures from June
3rd to September 16th. Steers in the east pasture gained weight
(table 9) during the first two periods (average daily gain from 1.53
kg to 1.82 kg), followed by a gradual Poss of weight the remainder of
the experiment (daily loss 0.23 kg to 0.11 kg). In the west pasture,
steers gained 1.21 kg to 1.42 kg daily in the first two periods
followed by a slight increase in weight (0.41 kg daily) for 28 days
and then a drastic loss of weight (daily loss of 1.17 kg) during the
last 21 days of the experiment. Steers in the east pasture gained

nore overall compared Wth steers grazing the west pasture.

Sodi um Pot assi um Chloride  calcium Phosphorus

rRYEERY 2 awden
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Qrude' protein and lignin values from hand clipping (tables 1 and
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effect of high drying tenperature which has an increasing effect on
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in animal selectivity leading to the intake of low nutritional forage

i

value,

Animal  Performance

(rossbred vyearling steers grazed the Kochia pastures from June
3rd to September 16th.  Steers in the east pasture gained weight
(table 9) during the first two periods (average daily gain from 1.53
kg to 1.82 kg), followed by a gradual loss of weight the renainder of
the experiment (daily loss 0.23 kg to 0.11 kg). In the west pasture,
steers gained 1.21 kg to 1.42 kg daily in the first two periods
followed by a slight increase in weight (0.41 kg daily) for 28 days
and then a drastic loss of weight (daily loss of 1.17 kg) during the
last 21 days of the experiment. Steers in the east pasture gained

nore overall compared Wth steers grazing the west pasture
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Table 9. Average daily gain variation of aninals grazing Kochia
during the experinent in the two pastures

Period 1 Period 2 Period 3 Period 4
(6/3 - 7/1) (7/1 = 7/29) (7/29 - 8/26) (8/26 ~ 9/16)

ADG (period) kg

East 1.53 1.82 - 0.23 - 0.1

Viest 1.21 1.42 0.41 - 1.17
ADG (overall) kg

East 1.53 1.68 1.02 0.79

West 1.21 1.32 1.01 0.60

Table 10. Blood mneral variations during the period animals Were
grazing on Kochia.d

Sodi um Pot assi um Chloride  Calcium Phosphorus
(mM/1) (mM/1) (mM/1) (mM/d1) (mM/d1)
Juna st 145.42 6.9% 99.3% 10.1% 8.5%
P a b b b b
Juljf 29t h 144.7 5.4 95. 0 11.1 6.0
Sept. 16th  142.0% 5.4° 91.3 1.0>  6.2P
St andar d 1.68 0.22 1.48 0.48 0.27
error
Sample size 41 41 41 41 41
8,b,Cyeans in the same columm with different superscripts differ

(p<.01).

LS Means were used
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Serum sodium (Na) concentration (table 10) did not differ (P>.10)
anong the three sampl:ing periods while a gradual decrease (P<.01) in
potassium (K), chloride (d) and phosphorus (P), and a gradual increase
(P<.01) in calcium Conparison between animals which gained weight and
those which lost weight during the time of the experinent only showed
a difference (P<.01l) in blood sodium and chloride level wth higher
values for animals which gained weight (table 11).  Serum enzynme
analysis (table 12) showed a decrease (P<.01) in alkaline phosphatase
(AP) concentration during the last sanpling time, a gradual increase
(P<.01) in serum gQlutamc oxaloacetic transamnase (SGOT) level from
the beginning to the end of the experiment, and an increase (P<.01)
in lactic dehydrogenase (LDH at the mddie of the experinent followed
by a decrease (P<.01) in LDH at the end of the experiment, although
LDH: was higher (P<.01) than the level at the beginning of the exper-
iment Increased (P<.01) blood urea nitrogen (BUN, total bilirubin:
(TBILI) and "direct bilirubin" (DBILI) occurred for animals grazing
the west pasture during the last period of the experinent (table 13).
Conparison of blood parameters (BUN, TBILI and DBILI) between animals
which gained weight and those which lost weight in the two pastures
showed an increase (P<.01) in those blood neasurenents for the aninals
which lost weight and grazing in the west pasture (table 14). Conpar-
ison of blood neasurements (BUN TBILI and DBILI) between aninals
which gained weight and those losing weight, during the time of the
experiment, showed an increase (P<.01) in blood parameters for the
animals losing weight during the last period of the experiment (table

15).
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Table 11. Bood mneral variations between animals losing weight and
animls gaining weight during the time of grazing on Kochia.©

Sodi um Potassium Chloride Cal cium Phosphorus

(mM/1) (mM/1) (mM/1) (mg/d1) (mg/dl)
Animel  gainers 146.4% 6.0% 97.4% 11.12 6.8
il losers  141.7°  5.8° 93.1° 11.0% 7.0%
Standard error 1.41 0.18 1.25 0.40 0.23
Sanpl e size 41 41 41 41 41

2sDyeans in the same columm with different superscripts differ (P<.01).

€ LS Means were used.

Table 12. Blood enzyme levels in aninals grazing Kochi a.d

A'kaline phosphatase Serum Qutamc oxal oacetic Lactic

% (10/1) tra?:s[g;nilyase dehyo(l;ggi?ase
Jé#é%lst 149. 62 113.7% 904.3%
July 20th 145,92 149. 3P 1227.8°
Sept. 16th 129.3P 198. ' 985. 6'
Standard error 15. 60 ‘ 25. 20 99. 24
Sample Size 41 41 41

8+PsCyeans in the same colum with different superscripts differ (p<.01).

d LS Means Were used.
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Table 13. Variation between pastures during tinme of grazing of blood
urea nitrogen (BUN and bhilirubin (TBILI; DBILI).8

June 1st July 29th Sept. 16th Standard Sanple
error size
EAST
BUN (ngy/dl) 17.3% 14.0° 11.6% 3.18 21
TBILI (mg/dl) 0.2°¢ 0.3° 0.1¢ 0.56 21
DBI LI (mg/dl) 0. 01° 0.02° 0.02° 0.11 21
WEST
BUN (mg/dl1) 16.1% 9.7% 38.1° 3.41 20
TBIL (mg/dl)  0.1° 0.1° 3.79 0. 60 20
DBILI (my/dl) 0. 00° 0. 01° 0.1t 0w 20
a,b

Means for BUN wth different superscripts differ (p<.01).

¢ dyeans for TBILI with different superscripts differ (p<.01).

© fyeans for DBILI with different superscripts differ (p<.01).

& |S Means were used, interaction between time of sanpling and pasture
was Significant (P<.01).

Table 14. Variation between animals losing or gaining weight in the two
pastures of blood urea nitrogen (BUN and bilirubin (TBILH

DBILI).8
EAST WEST Standard error Sgimz)lee

GAI NERS

BUN (mg/dl) 14.8% 14.6% 2.78 18

TBILI (mg/dl)  0.2° 0.1° 0.49 18

DBILI (mg/dl)  0.01° 0. 00% 0. 09 18
LOSERS

BN (mg/dl)  13.8° 28. 0P 2.41 23

TBILl (mg/dl)  0.2° 2,54 0. 42 23

DBILI (mg/dl)  0.03° 0.47F 0.08 23
a,b

Means for BUN wth different superscripts differ (P<.01).
©9eans for TBILI with different superscripts differ (P<.01).
e’fMeans for DBILI wth different superscripts differ (P<.01).

& LS Means were used, interaction between pasture and variation of weight
was significant (P<.01).
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Table 15. Variation between animals gaining or losing weight, for the
grazing time on Kochia for BUN, LDH and bilirubin.

Standard Sanple

June 1st July 29th Sept. 16th error size

GAI NERS
BUN (mg/d1) 17.5% 13.3% 13.3% 3.41 18
LDH (TU/1) 934.0°  1029.7¢  1164.0% 145. 17 18
TBILI (mg/dl) 0.1° 0.2° 0.2° 0. 60 18
DBI LI (mg/dl) 0.008 0.00% 0.018 0.11 18

LOSERS
BUN (mg/dl) 16.0° 10.42 36.4° 3.18 23
LDH (1U/1) 874. 4' 1425.9% 807. 2' 135. 35 23
TBILI (mg/d1) 0,2° 0.3° 3.7% 0.56 23
DBILT (ng/d1) 0.018 0.018 0.72" 0.10 23

il

”a’v‘i.neans for BUN with different superscripts differ (P < ,01).
Means for LDH with different superscripts differ (P < .01).
Means for TBILI wth different superscripts differ (P < .01).
8sByoans for DBILI with different superscripts differ (P < ,01).

kLS Means were used, and interaction bhetween time of «collection and
variation of weight was significant (P < .01).
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A comparison in LDH level between aninmals gaining weight

and those losing weight during the experinent showed only a decrease
(P<.01) in LDH level for the animals losing weight during the |ast

period of the experiment, followng a trend for an increase in LDH
level (P<.01) (table 15).

The overall daily gain showed that forage production 'of Kochia
can sustain an aninmal in production during its early growng stage
but will only sustain an aninal for maintenance or |ess during later
stages of mturity. The high level of BUN conpared to the nornal
range given by Glyean and Hallford (1983) (Appendix table), in the
last period of the experinent especially in the animals which |[ost
weight, may be an indication of kidney disfunction. Aso the levels
of TBILI and DBILI found in the last period of the experinent and es-
pecially for the animals which lost weight are high conpared with the
nongial range given by Galyean and Hallford (1983) (Appendix table).
'i’heLDH level s throughout the experiment in all aninmals, were in the
jlnorrral range given by Galyean and Hallford (1983).  SGOT level was
in the normal range given by Galyean and Hallford (1983) only at the
beginning of the experinent and then increased (P<.01) throughout the
experiment. Increased LDH is found during necrosis and high level of
TBILI, SQT and DBILI during hepatic disfunction; therefore, aninals
which lost weight during the last period of the experiment mght have
liver problems. These liver and kidney disfunctions, found in sone
animals grazing on Kochia pasture, corroborate with the findings of
Dckfe and Berryman (1979) and Sprows (1981). The high incidence
of liver and kidney disfunction in the west pasture suggested that

there was a greater toxicity effect from forage in the west pasture.
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Possibly the forage in the west pasture had a nore rapid growng rate
than the forage in the east pasture, and so the animals would spend
nore time in the west pasture after maturation of Kochia forage. Long-
tine exposure t0 the mature plants may explain the severity of effects
in animls grazing the west pasture. A correlation between length of
grazing tinme and severity of toxicity was also suggested by Sprows

(1981).
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SUMMARY AND OONCLUSION

Forage sanples of Kochia scoparia collected by hand-clipping and

esophageal fistula showed a high nutritive value of Kochia during the
growing stages which decrease at mturity, and selective grazing habit
in animals for a high nutritive value forage. Animals grazing Kochia
showed an appreciable weight gain at the early growng stage of Kochia,
and a loss of weight at Kochia mturity. Increases in blood urea ni-
trogen, serum enzynmes and bilirubin during the last period of grazing
may be indicative of kidney and liver disfunction.

Kochia scoparia, because of its high nutritive value and the per-

formance of animls grazing it, can be used as a forage crop for 1ive-
stock.  However, because of its potential toxin content, especially at
maturation, 4its use has to be restrained to its early stage of growh

andié,for a short period of tine.

26
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Appendi x  Table 16,

Reference range of
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Serum constituents.

Reference

I'tens (Galyean & Hallford)
Ca, mg/dl 9.5 - 10.6
P, mg/dl 50 = 7.0
K, mM/liter 46 - 6.4
Na, mM/liter 127.9 - 142.1
Cl, mM/liter 95.0 - 105.5
BN, mg/dl 8.0 - 21.8
SQAOT, IU/liter 75.1 = 137.0
Al'kaline  Phosphat ase,

IU/liter 18.6 = 56.2
LDH 1U/liter 899.0 =~ 1404.4
Total Bilirubin, mg/dl 0.1 = 0.5
Dirsct Bilirubin, mg/dl 0.04 = 0.1

Reference
(Vet - Pat h)
9.9 - 12.5
3.4 = 6.7
2.8 - 5.6
133 - 143
91 - 105
5 = 21
9 - 67
18 = 97
357 = 756
0 - 0.8
0 - 03

t ransam nase;

Lactate Dehydrogenase.

S R R Wt ey

—————————————— ¢

QIBUH = Blood Uea Ntrogen; SAT = Serum Q@ utam c-oxal oacetic
LDH =




