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ABSTRACT

High levels of both N and total higher fawy acids
(HFA) in forage have been associated with increasing the
grass tetany hazard to grazing cattie. The objective of this
study was to determine the relationship between forage
N, total HFA, and HFA species distribution in several
forages,

Forage N, HFA, HFA species concentration, and total
chlorophyll were det ed in immature vegetative
growth of A desertorum (Fisch.) Schult.,, Cyno-
don dactylon L., Lolium perenne L., Trifolium repens L.,
and Triticum aestivum L. established with soil fertility
levels up to 500 ppm N in the growth chamber. For:
HFA concentrations were positively and linearly related
to forage N levels, but regression coefficients were not the
same for all species. The HFA concentrations were as
high as 16 mmol COOH/100g DM at 6%, total N in first
cutting Lolium perenne L. The relative HFA speciea dis-
tribution was the same within a given forage, even though
total N concentrations ranged from 2 to 6%, The mean
HFA specie concentrations (determined by gas-liquid-
chromotography relative to mean total HFA concentra-
tions determined by titration) when expressed as percent
for the grasses were: Cl4:0 — 29, C16:0 — 139, Clé:l
— 19, C18:0 plus C18:1 — 1%, C18:2 — 11%, and CI18:3
— 67%. The total HFA concentrations were positively
correlated with chlorophyll a 4 b concentrations which
was expected, since the HFA of green plants is largely
associated with chloroplast membrane.

Additional index words: Hypomagnesemia, Agropyron
desertorum (Fisch.) Schult., Cynodon dactylon L., Lolitm
perenne L., Trifolium repens L., Triticum aestivum L.
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GRASS tetany, a Mg deficiency in ruminants, may
result when animals graze rapidly growing for-
age low in Mg or containing factors which reduce
forage Mg availability to the animal. Forage with
high N concentration has been associated with re-
duced Mg availability and an increased incidence
of grass tetany in grazing cattle (7, 8, 10). However,
present evidence indicates that the reduction in ap-
parent Mg availability to the animal may not be
a direct function of forage N levels per se, but rather
of other factors, including the higher fatty acid (HFA,
aliphatic carboxylic acids having more than eight
carbon atoms) levels found in high-N forage.

Kemp et al. (9) suggested that forage HFA’s re-
duce the availability of forage Mg to animals by
forming insoluble socaps. Animal studies have sup-
ported this hypothesis. Clarke and Roberts (2) ob-
served that an appreciable amount of the HFA found
in lamb feces was in the form of soaps. They noted
that hydrogenation of unsaturated HFA by rumen
microorganisms enhanced the formation of soaps.
Kemp et al. (9) reported that the addition of animal
fat to the diets of dairy cows reduced Mg availability
and increased the amount of Mg excreted in the feces
and recovered as earth-alkali soap. Wilson et al
(15) found that plasma Mg concentrations of peanut
oil supplemented cows were significantly lowered
when compared te controls, This reduction was
greater in older than in younger cows and paralleled
observations that older cows were more likely to de-
velop grass tetany than younger cows.

A high correlation has been shown between N and
HFA concentrations in forages with a wide range of
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Table 1. Effect of N [ertilization on maximum NQ:N concen-
trations in forages and oa relative dry matter yield per pot
for five N fertility levels.

Relative dry matter yield**

Max. dry
Nievel matter  Max. NOy-N
Forage N, M, Ny My N;  yield/pot concentration
% [} %
Wheatgrass let 35d Tle 93b 100a 11.0 0.04
Ryegrass, 15t
Ist harvest 44d 65¢ 94b 100a T6c 2.6 1.33
Ryegrass,
2nd harvest 58d &2¢ Téb T6b 100a 8.1 112
Wheat 43d Bde 100a 93b 82c 4.4 1.20
Bermudagrass,
2nd harvest} 20e 37Td 58¢ 100a 96h 11.3 0.36
Clover§ 56b 100a 98Ba 50b Oc 75 om

** Data were processed by the anajysis of variance and Dunean’s multiple range
test. Row means followed by no letters in common are significantly different at
the 1% level. T Insufficient sample for chemical analysis.

1 Ist harvest bermudagrass not analyzed. § Yield reductions for Ny
and N, treatments resulted from dampening-off disease {Pythium spp.).

morphological maturities (1, 9, 12). However, both
N and HFA concentrations decrease during plant
maturation, and published data on HFA vs. N have
been generally confounded by differences in mor-
phological maturities of samples.

The objectives of this study were to determine:
first, the effect of added fertilizer N on the concen-
trations of N, and total HFA, and their interrelation-
ships in forage samples of similar morphological ma-
turity; and second, the effect of added N on the rela-
tive distribution of HFA species.

METHODS AND PROCEDURES

‘Nordan' crested wheatgrass [Agropyron desertorum (Fisch.}
Schult.], ‘common’ perennial ryegrass (Lolium perenne L),
‘Wanser’ hard red, winter wheat (Triticum gestivum L), ‘com-
mon bermudagrass (Cynedon dactylon L.}, and ‘ladino’ clover
(Trifolium repens L) were germinated in pots containing 3 kg
of a calcareous loam soil (Durixerollic Camborthid, pH = 8.0,
CEC = 17 meq/100 g, 197, O.M.) similar to the Orovada series.
Plants were grown in chambers with day/night temperatures of
18/6, 25/20, 25/20, 30/25, and 25/20 C for the above species, re-
spectively, and a 15/9-hour ]igh:/dark cycle. The light intenaity
was 580 geinsteins m~* sec™ (400 to 700 nm range) at the top of
forage canopy. Soil moisture was adjusted daily to --0.3 bar
potential. Time from seeding to first harvest was 100, 20, 40, 20,
and 60 days for the five species listed above, respectively. Sec-
ond harvests were sampled from ryegrass and bermudagrass
after 18 and 22 additional days, respectively. This harvest
schedule produced forage having similar morphological ma-
turity, except for clover. All grasses were harvested at the im-
mature vegetative stage of growth, while the clover was in the
bud to early flowering stag.

Before seeding, 50 ppm K (as K.80,), 50 ppm Mg (as MgSO,-
TH ), 50 ppm P (as H,PO,), and selected levels of N (as
NH,NQ,) were mixed with the soils. The N levels were: wheat-
grass — 0, 50, 100, 150, 200 ppm N; ryegrass — 50, 100, 150, 200,
500 ppm N; and for bermudegrass, wheat, and clover — 0, 50,
100, 300, 500 ppm N. Ryegrass was [ertilized with an additional
50 ppm N zmclp 50 ppm K after the first harvest. The N levels
were adjusted in z2n attempt to have maximum dry matter yields
at intermediate N fertilizer levels.

Forages were clipped at 2 1.cm stubble height and immediately
frozen in a foroed? raft freezer at .30 C. %ix replications each
of wheatgrass, first and second harvest ryegrass, and four replica-
tions of wheat where freeze-dried at regular intervals and im-
mediately analyzed by the USDA-ARS laboratory for concen-
trations of total HFA, total N, and chlorophyll a 4+ b. Four
replications each of wheatgrass, sccond-harvest ryegrass, amd
second-harvest bermudagrass, and two rcplications each of first-
harvest ryegrass, wheat, and clover were periodically dried to
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Fig. 1. Regression of total HFA concentration on total N con-
centration in five forage species. The forage, number of ob-

servations (n), regression equation and correlation coefficient
are as follows:

HIGHER FATTY ACIDS, mmol COOH/I00g

O

Ryegrass (Ist cat) n — 39, ¥ = 11.2 4 083X, r — 0.66;
Ryegrass (Znd cut) n = 50, ¥ = 83 | 102X, r — 0.63;
Wheat n=20Y = 68 4,117X, 4 = 0.84;
Clover n—= 8Y= 6@ 4+,.106X, r = 0.96
Wheat, n =4, Y = 46 4 245X, r — 0.90;
Bermudagrass n=19,Y = 38 4 185X, r — 094

Regression coefficients preceded by no subscript letters in
commen are significantly different (P < 0.01).

constant weight in a forced-draft oven at 108 C for about 1
hour, sealed in polyethylene bags, and air mailed to the Soil
Bureau, D.S.I.R., New Zealand laboratery where, upon arrival,
the samples were ground and analyred for total and individual
HFA and total N. Total HFA concentrations were determined
within 2 days of forage drying at the USDA-ARS laboratory and
provided a check on possible HFA loss by autooxidation {11}
encountered during the 24.day average time lapse between
oven-drying in the U.S. and analysis at the Soil Bureau labora-
tory in New Zealand. Oven-drying of whole plant samples before
shipment was selected as the best drying procedure to minimize
autooxidation under condirions of this study ({11).

* Total N (including NO;) was determined by semimicro Kjel-
dahl, NOyN by nitrate electrode, chlorophyll a 4 b by spectro-
photometry (6}, and total HFA by titration (Il). Individual
HFA's were quantified by gas-liquid-chromotography (GLC) af-
ter methylation of HFA (I1). Results are expressed on a dry-
matter basis. Total N and toal HFA concentrations were not
different (P <« 0.05) between the two laboratories, therefore data
were composited for statistical analyses. Significance of differ-
ence between treatment means was detcrmined using Duncan’'s
multiple range test, while the significance of differences between
regression  coefficients was measured by the t-test (14). The
variation in HFA and chlorophyll a + b concentrations within
ant N-treatment was attributed to experimental ervor, therefore
regression analysis of HFA concentrations on chlorophyll a 4+ b
concentrations were performed on means of the N-treatments.

RESULTS AND DISCUSSION

Forage yield of grasses was increased by N fertiliza-
tion (Table 1), with maximum yields obtained at the
highest N rate for wheatgrass and second-harvest rye-
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Table 2. Distribution of higher fatty acids (HFA) determined
by GLC expressed as percent of total HFA determined by
titration for five forage species.¥*

C18:0
Fotage Nt Cl4:0 C16:0 Cl6:1 Cls:l Cl18:2  C18:3
%

Wheatgrass 16 198a 129b 08a 04b 123b 636k
Ryegrass,

Istharvest 10 2.3a 125ab 098 15& 101c 749a
Ryegram

ondbarvest 20 21a l141ab 04b 16a 11.9b 650D
Wheat 10 23a 125h 07a lla 85d 64ib
Bermudagyass,

Zndharvess 10 1.3b 140s 04b 122 146a 587
Clover} 8 28 26.0 0.7 7.9 165 35.8

** Data were processed by the analysis of variance and Duncan’s multipte range
test. Column means followed by no lettera in common are significantly different
at the 1% level. 1 Number of observations.

1 Clover data not included in Duncan's test.

grass. Maximum yields of other species, includin

the first-harvest ryegrass, were obtained at intermedi-
ate N levels. The array of fertilizer N levels produced
forage with total N concentrations ranging from 1
to 69, (Fig. 1). Fertilization rates may not have been
high encugh, however, to produce maximum N levels
in the forage, especially in wheatgrass and bermuda-
grass which contained less than 3%, total N.

Higher fatty acid concentrations increased linearly
as total N concentrations increased (Fig. 1). The
correlations (r) of forage HFA concentrations with
N concentrations ranged from 0.63 for ryegrass to
0.96 for clover. The correlation coefficients were not
significantly improved by using nonlinear regression
analyses even for second-harvest ryegrass.

The rate of increase in HFA concentrations in rela-
tion to forage N concentrations ranged from 0.83 to
2.45 mmol COOH /100 g for each 19, increase in total
N. These values were generally lower than those re-
ported for field-grown forage. Molloy et al. (11} re-
ported regression coefficients ranging from 2.3 to
3.2 for a wide variety of species in New Zealand, while
Barta (1) reported values ranging from 2.0 to 2.7
in a series of grasses grown in Ohio. Values averaging
about 4.6 mmol HFA/100 g have been reported for
mixed forages in the Netherlands (9). The smaller
regression coefficients of HFA on N for growth chamb-
er versus field-grown forage may have resulted be-
cause the forages were not light-saturated under con-
ditions of this study (5). The effect of light intensity
on HFA concentrations needs to be investigated
furcher.

The HFA concentrations in the luxuriant-appear-
ing first-harvest ryegrass were higher (about 3 mmol/
100 g/unit of N) than in the second harvest. How-
ever, the regression coefficients were not different
(P < 0.01) from each other. The correlation of HFA
vs. total N in ryegrass was lower than for other for-
ages in this study. The regression of HFA on total
N minus NOyN did not improve the correlation val-
ues.

In each of the forages, N fertilization increased
total HFA and total N concentrations but did not
significantly (P < 0.01) alter the distribution of the
various HFA species within any given forage or har-

Fig. 2, Regression of total HFA concentration on chlerophyll
a 4 b concentration in three forage species. Data are means
within N-fertility treatments. The forage, number of mean
observations (n), regression equation, and corrclation coeffi-
cient are as iollows:

Ryegrass (1st cut) n = g-,n;' = 1594 4 0.9 Chlat}b,

Ryecgrass (2nd cut) :1 ; 5.,931' = 764 4 .76 Chiatb,

Wheatgrass :1 __=— 04, Y = 501 4 155 Chla{b,

Wheat :’l == :i:mf = 73% 4 061 Chlai.b,
r —= 096

Regression coefficients }m:cod«l by no subecript letters in
common are significantly different (P < 0.01).

vest (data not shown). The HFA species concentra-
tion values were then averaged across N treatments
for each forage and harvest, and calculated relative to
total titratable HFA (Table 2). The sum of individ-
ual HFA as recovered by GLC ranged from 84 to
103%, of total titratable HFA.

Palmitic (C16:0), linoleic (C18:2), and linolenic
(C18:3) acids accounted for most of the total HFA
measured. The relative concentrations of each HFA
specie were generally similar among the grass species,
except for the linolenic (C18:3) acid values. Lino-
lenic acid predominated in all forages and its con-
centrations were highest in the first-harvest ryegrass
(Table 2), which had the most “luxuriant” or “lush”
appearance of the forages in this study. The amount
of linolenic acid measured in the second-harvest rye-
grass was significantly less (P < 0.01) than in first
harvest, perhaps resulting from some physiological
change in the plants, Hawke's (5) report that lino-
lenic acid concentrations in forage were inversely re-
lated to temperature does not account for the dif-
ference in C18:3 found beiween these two ryegrass
harvests because they both were grown at the same
temperature.

The HFA species distribution for clover was ex-
cluded from the analysis of variance (Table 2} be-
cause plants were in bud and early flowering stage
which resulted in a HFA-specie shift to the more
saturated forms (i.e, C16:0, C18:0, Ci8:1, and Cl8:2
at the expense of Cl8:3). This shift accompanies
flowering in legumes, as well as in grasses (13).

The HFA found in plants are primarily associated
with lipids in the chloroplast membrane. Because
of this relationship, there is often a positive correla-
tion between the HFA and chlorophyll concentra-
tions (5). The physiological relationship between
HFA concentration and chiorophyll is certainly more



982 AGRONOMY JOURNAL, VOL. 68, NOVEMBER-DECEMBER. 1976

direct than that of HFA and N concentrations, be-
cause the HFA in forages is primarily in the chloro-
plast membrane which envelopes the chlorophyll mole-
cules. In this study, a good correlation between total
HFA and chlorophyll concéntrations was found (Fig.
2). Perhaps an adequate supply of N provides grow-
ing conditions such that the plant has a high density
or mass of chloroplasts and their associated lipids
and HFA, giving them the “lush™ appearance often
noted coincident with grass tetany.

What is the relationship of forage HFA to animal
metabolism and Mg availabilityy Hawke (5) noted
that the levels of triglycerides encountered in imma-
ture, high N forage may exceed the biohydrogenation
capacity of rumen microorganisms; however, others
do not think this is likely (3). Nonetheless, stearic
acid is the major fatty acid found in the rumen with
little linolenic acid detected (2, 3). There is very
little, if any, degradation of the HFA other than by
hydrolysis in the rumen, and there is no evidence
that the C16 and longer carbon chain HFA's are ab-
sorbed to any appreciable extent from the rumen (4).
‘Thus the HFA may complex with **Mg and **Ca
in the rumen, and then be excreted as water-insoluble
soaps, thereby reducing Mg availability to the animal
(9, 15). The effect of N fertilization on increasing
the tetany hazard may result, in part, from the in-
creased concentrations of forage HFA’s which, in turn,
reduce Mg availability to grazing ruminants.
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