
M I N E R A L  NUTRIENTS IN P L A N T S  

VICTOR A. LAZAR and KENNETH 

The classification of a soil type or any specified area of soil in terms of the nutritional 
quality of food or feed crops growing thereon requires the collection and analysis of a 
large number of samples because of the wide variation in the composition of plants 
growing under apparently uniform conditions. A study of the vegetation on five soil types 
in six areas of the Atlantic Coastal Plain showed that sampling leaves of the swamp black- 
gum, Nyssa sylvatica Marsh. var. biflora (Walt.), was an efficient method of estimating the 
cobalt, copper, manganese, and phosphorus status of native forage types in this region. 
For this purpose two samples of blackgum leaves were adequate for grouping soils with 
respect to the mineral nutrients, cobalt and copper. The cobalt content of the soil was not 
a sufficiently sensitive estimation of that in the plant to permit it to be used to estimate 
the cobalt concentration in the vegetation. 

HE MINERAL NUTRIEYT CONTENT in T vegetation from the same or 
similar sites is often difficult to interpret 
because of the great variability in the 
composition of the samples collected. 
The causes of such variability are often 
obscure, although some factors such as 
the portion of the plant taken, the relative 
position of a leaf or other organ of the 
plant, age of the plant, and microvaria- 
tions in soil and climate are frequently 
suspected. Hence, large numbers of 
samples are sometimes required to 
establish significant differences between 
locations (2, 5). The investigation re- 
ported here was designed to determine 
the magnitude and character of such 
variation and to find means of coping 
with the problem. 

Experimental Plan 

This experiment was designed to con- 
trol as completely as possible such factors 
as soil, variety, age: and portion of the 
plant selected, and its location within a 
uniform area of a well-defined soil type. 
O n  the basis of previous studies (2, 5) six 
plots were selected in 1952 in North and 
South Carolina so as to provide a wide 
variation in certain mineral elements in 
the vegetation. One area, in the Hof- 
mann Forest in North Carolina, was 
known to produce forage of poor nutri- 
tional quality, because cattle could not 
survive there unless fed supplements of 
cobalt and copper. In  the other areas: 
no cattle have been observed that could 
be used as indicators of forage quality. 
All of the areas were cutover forest lands. 
and showed no indications of any recent 
agricultural use. 

Within each area a plot of a single 
soil type was delineated and classified. 
Within the limits of visual techniques, 

every effort was made to ensure soil 
uniformity throughout each plot. The 
boundaries of the plots were carefully 
marked and mapped so as to permit their 
re-establishment at any time in the 
future. Their exact location will br 
supplied by the United States Plant, Soil, 
and Nutrition Laboratory upon request. 
All of the soils are either poorly or soine- 
what poorly drained and vary in surface 
texture from fine sands to loarns. .411 

plots lie on either the Talbot or Penholo- 
way terraces of the Atlantic Coastal 
Plain. The soil types and locations are 
presented in Table I. 

Five plants of each of five species of 
native browse and grass were located 
on Plots I and 11. .A list of the plant 
species, their common names. and the 
portion of the plant sampled are pre- 
sented in Table 11. The location of 
each plant was marked with an iron stake 

Table 1. Locations of Plots and Classifications of Soils 
Plot 
No. 

I 

I1 

111 

IV 

V 

VI 

Location Soil Type Terrace" 

Hofmann Forest, Jones Co., Ona fine sand Penholoway 

Croatan Forest, Craven Co., Bladen fine sandy loam, Talbot 
N. C. 

N. c .  gravelly substratum 

co.,  s. c. 
co., s. c. 
town Co., S. C. 

s. c. 

phase 
Sampit Forest, Georgetown Coxville silt loam Talbot 

Oak Ridge Bay, Williamsburg Rains fine sandy loam Penholoway 

Friendship Church, George- Ona fine sand Talbot 

Bullhead Bay, Berkeley Co., Bladen loam Penholoway 

Approx. 
Size, 
Acre 

' / 2  

1 / 8  

' /?  

' / 2  

' / 3  

' / 3  

Q Talbot terrace lies between 25 and 42 feet; Penholoway between 42 and 70 feet above 
sea level. 

Table II. Plants Selected for Sampling with Description of Part Taken 
for Analysis 

Common Name Scientific Name 
Part Taken 
far Anolysis 

Swamp blackgum A V y ~ s a  syluatzca Marsh. var. biflora Leaf 

Broomsedge Andropogon glorneratur (Walt.) Leaf blade 
Gallberry Ilex glabra (L.) Gray Leaf with current year's stem 
Pepperbusha Clethra alnqolia L. Leaf 
Sweetbayb Magnol ia  uirginiana L. Leaf 

(Walt.) Sarg. 

a Found in the Hofrnann and Croatan areas only. 
b Not found in the Bullhead Bay area. 
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and a numbered tag. Whenever possi- 
ble, groups of two or more species grow- 
ing in close proximity were selected to 
permit comparison under conditions of 
minimum soil variation. This proce- 
dure was repeated on all plots, except 
that sweetbay was not located on Plot VI 
and pepperbush was found only on Plots 
I and 11. 

Vegetation samples were first collected 
about Junr 1: 1952. At that time not 
more than a third of the leaves of a small 
plant was collected, the balance being 
reserved for subsequent collections about 
the middle of July and finally about 
October 1.  I t  was not possible to folloiv 
this procedure in the case of broom- 
sedge, because one clone was barely 
sufficient for each sample. Occasionally, 
to obtain a minimum of 6 to IO grams of 
dry matter. it was necessary to select 
the broomsedge from an  area as large as 
100 square feet. Thus. 375 samples in 
1952 and 345 in 1953, when no pepper- 
bush samples were taken. were selected 
from the six plots. 

Soil samples were taken at rhe time 
the soil types xvere identified and on later 
dates in I952 to obtain samples through- 
out the season. In 1953, additional 
samples were taken from locations where 
two plants of a given species within a 
plot differed significantly in their content 
of a specific micronutrient element. 
'The first samples in 1952 consisted or 
two composites of corresponding hori- 
zons, each composite prepared from three 
profiles located at  random in each half 
of a plot. Composited surface samples 
a1 each of these profile locations were 
again taken in July and October of 1952. 
The samples taken in 1953 represented 
horizons of a profile adjacent to the plant 
under study. 

All plant rnarerial was dried a t  70' C. 
for 24 hours, crushed by hand where 
possible or cut into small pieces with 
steel shears. Analyses of the samples 
xvere rnadr folloiving published pro- 
cedures ( 7 .  7, 7 7 )  for cobalt, copper, 
manganese. calcium, and phosphorus. 

Results 
All data for each element determined 

were subjected to an  analysis of variance 

to determine the significance of effects of 
location or plot, date of sampling, and 
year of sampling. In addition, the data 
from each soil type or plot were examined 
to determine the occurrence of significant 
variations within plots. The data from 
different plots were ranked and separated 
according to the method proposed by 
Duncan (6). In  no case was any inter- 
pretation based on a level of significance 
less than 17,. The data for each ekment 
can best be presented individually, be- 
cause there appeared to be no relation- 
ship among them. 

As a standard of comparison, the coin- 
bined data on composition of broom- 
sedge for both years (1 952 and 1953) were 
used. It was assumed that broomsedge 
as a member of the grass family would be 
representative of most of the common 
grasses growing in the region and grazed 
by cattle in the forested areas. By com- 
bining all samples of this species a 
practical estimate of the relative quanti- 
ties of mineral nutrients derived from 
each soil and available to the animal was 
thus provided. 

Cobalt The concentration of cobalt in 
each of the five species collected 

from Plot I and determined throughout 
the season is shown in Figure 1. The 
differences bet\veen blackgum and 
pepperbush leaves on the one hand and 
gallberry and sweetbay leaves and broom- 
sedge on the other are so large that differ- 
ent scales must be used to represenr the 
levels of cobalt in each group. The 
species in the former group, for example, 
contain from 70 to 100 times as much 
cobalt per unit of plant tissue as do those 
in the latter group. .i similar relation- 
ship! varying only in magnitude, was 
found for the cobalt in these plants ob- 
tained from the other plots. Hence, data 
for Plot I only are presented in Figure 
1 and all following figures. Significant 
increases (P 5 0.01) in the cobalt con- 
centration in blackgum and pepperbush 
were found as these plants matured 
(Figure l), but no significant changes oc- 
curred in the other species from this or 
the other plot. 

There is a wide range of cobalt values 
in relation to the vegetation on different 
plots (Table 111). The mean cobalt 

Table Ill. Concentration of Cobalt in Vegetation with Significant Differ- 
ences (P < 0.01) in Ranked Data 

_._______ Cobalf, P.P.M. in Dry Maf te r  . ~~ 

Plof Broomsedge" Blackgurnb Gollberryc 

V 0 . 0 3  < 0 . 0 4  1 . 7  < 2 0 . 0  0 .03  < 0  12 
I 0 . 0 4  < 0 .06  3 . 1  < 20.0  0 . 0 4  < 0 . 1 2  
I1 0 . 0 6  < 0 . 0 8  8 . 6  < 2 0 . 0  0 07 < 0 . 1 2  
I11 0 . 0 6  < 0 08 22,5 . . .  0 . 0 7  < 0 . 1 2  
VI 0 . 0 8  2 0 . 0  . 0 . 0 9  , .  . 
IV 0 09 2 2 . 0  , , 0 . 1 2  . . 

0 Ranked means of 30 samples collected on three dates in  each of2  years (1952 and 19531: 

h hleans of first 2 of 5 samples collected in July 1952 (results confirmed in July 1953). 
c X,feans of .5 samples collected in July 1952 (results confirmed in July 1953). 

neither \-ear nor date ofcollection was a significant factor in the variation in the data. 

content of broornsedge from Plot V is bc- 
low the minimum level (0.04 to 0.07 
p.p.m.) required by cattle (3 ) .  A con- 
sideration of the 2 years of data shows a 
highly significant difference (I' 5 0.01) 
between Plots V and I and between 
Plots I11 and VI, the latter being also 
the division between minimum and 
adequate levels of cobalL 13). Tht.  
difference betwzeii Plots I. 11: and I11 
is not of importance nutritionally, br.- 
cause grass from all these plots contains 
only a minimum quantity of cobalt. 

An examination of the cobalt mi- 
centration in blackgum samples collected 
during the 2 years revealed a relationship 
among plots similar to that shown by 
broomsedge. Thus, the ranking and 
separation of plots on the basis of signifi- 
cant differences in the concentration of 
cobalt in either of the two species \.vcrc. 
the same. Furthermore, it was apparent 
that fewer samples of blackgum 1eavc.s 
than broomsedge were required i o  
recognize these differences among thr 
plots. The data in Table I11 show. for 
example, that separation of plots on the 
basis of two samples of blackgum lcaves 
collected in July 1952 was suffirient for 
practical nutritional purposes. The six 
plots were separated by blackgum leaves 
into two groups one of which in terms of 
broomsedge supplied insufficient to  
borderline and the other supplied border- 
line to sufficient quantities of cobalt. 
Similar results were obtained on thc 
1953 samples. Examination of black- 
gum data for other. sampling schemes did 
not indicate any closer relationship to 
the broomsedge data. 

A further consideration ol' the broom.. 
sedge data revealed no possibility of 
reducing the number of samples of this 
material and obtaining sufficient informa- 
tion to permit adequate evaluation of thc 
plots. From the gallberry data for 
.July of either year it was possibli to 
identify the high cobalt plots? biir inter- 
mediate plots could not be separated 
(Table 111) from Plot V. Gallberry 
data for all collectioii dates in either year 
were not superior in this respect to the 
.July data. S o  complete separations of 
plots could be made on the basis of cobalt 
in the leaves of the sweetbay. 

The five species studied fall Copper into two groups lvith respect 
LO their copper concentration (Figure 2). 
The range of copper values was very 
narrow for all species at all locations: 
and would generally be considered low 
\vith respect to nutritional adequacy. 
In general. the concentration was highest 
in June and lowast in October (PJ0.01 
for each species). 

A consideration of all broomsedge 
samples permitted a separation of Plots 
I. IV; and V as bzing relatively low in 
the copper concentration in their vegeta- 
tion and Plots I11 and VI  as relatively 
high (Table IV). Dcfinite rninimurn 
values for nutritionally adequate con-  
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centrations of copper in forage have not 
been established, but a level of 5 p.p.in. 
in the dry matter may be assumed (8). 
Hence, the separation of these plots on 
the basis of a significant difference in the 
copper content of broomsedge samples 
has a tentative nutritional significance. 

Data from both blackgum leaves and 
gallberry leaves and stems were similar to 
broomsedge in ranking and character- 
izing the plots. If all data on these two 
species obtained in either 1952 or 1953 
are considered, the plots can be separated 
into three groups, but such a separation 
would have little nutritional significance. 
A less precise but practical separation of 
the plots can also be obtained by con- 
sidering certain July samples of broom- 
sedge, blackgum, and gallberry collected 
in either year (Table IV).  The copper 
content of the first two samples of black- 
gum leaves collected in 1952, for example 
places Plots I, 11. and V in a low group, 
and 111, IV, and VI in a high group. 
I t  is clear that Plots I1 and IV  are inter- 
mediate with respect to the other plots, 
however. and probably cannot be 
definitely classified by any sampling 
scheme studied. 

The data for Plot I pre- 
sented in Figure 3 show a Manganese 

wide variation in manganese concentra- 
tion in the different species examined. 
For all plots there was some variation in 
the data with respect to date of collection. 
Thus, there was a significantly higher 
concentration of manganese in broom- 
sedge on the first date of collection (PS 
0.01) and a higher concentration in 
gallberry leaves and stems on the last day 
of collection (P<O.Oj in 1952, P<O.Ol in 
1953). KO effect of date of collection 
on composition was observed for sweetbay 
leaves; the variation in blackgum leaves, 
while significant each year a t  the 5% 
level, was difficult to interpret for trends. 

The variations in manganese concen- 
tration with respect to plots are presented 
in  Table V. No significant differences 
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Figure 1. Concentration of co- 
balt in each of 5 plant species 
collected on each of three dates 

Each datum is  mean of 2 years excepi for  
pepperhush 

Table IV. Concentration of Copper in Vegetation with Significant Differ- 
ences ( P  < 0.01) in Ranked Data 

Copper, P.P.M. in Dry Motfer 
Plot Broomsedgea Broomsedgeh BlockgumC Gollberry5 

I 4 . 3  < 5.1  4 . 5  < 5 . 6  6 .6  < 10.2 4.1 < 6.0 
V 4 . 3  < 5.1  4 . 6  < 5 .6  6 .7  < 10.2 4 . 3  < 6 .0  
I V  4 . 4  < 5 . 1  4 . 8  < 5.6 10.2 5 . 4  
I1 4 . 9  . . .  4 .8  < 5 . 6  7 . 5  < 10.2 4 . 0  < 6 . 0  
I11 5 .1  , . .  5 . 2  . . .  11 .3  . . .  6 .0  
VI 5 . 4  . . .  5 .6  . . .  10.6 . . .  4 .7  < i:o 

a Ranked means of 30 samples collected on 3 dates in each of 2 years (1952 and 1953). 
Date of 

b Means of 5 samples collected in July 1952 (results confirmed in July 1953). 
c Means of first 2 of 5 samples collected in July 1952 (results confirmed in July 1953). 

The year of collection was not a significant factor in the variation in the data. 
collection within years was significant (P 5 0.01). 

were found for Plots I? 11, 111, V, and 
VI, but the soil of Plot IV  can readily 
be separated as supplying a significantly 
higher (E' 5 0.01) amount of manganese 
to the vegetation grown on it. The data 
in Table V show that a separation equal 
to that obtained with the samples of 
broomsedge collected on three dates in 
2 years was obtained with either broom- 
sedge or blackgum leaves collected only 
in July of either year. 

The concentration of 
phosphorus in all species Phosphorus -~ 

from any of the six plots is very low. 
Except for the early June period, the 
quantity present never exceeded 0.10% 
and frequently fell below 0.05%. The 
lowest mean concentration of phosphorus 
was found in the leaves and current year's 
stem growth of the gallberry in both 1952 
and 1953 (Figure 4). Except a t  the time 
of the first collection in June 1952, there 
was no difference in phosphorus concen- 
tration among the other species. In 
agreement with known behavior of this 
element, the concentration was highest 
in the spring, with little further change 
between July and October. 

Based on the analysis of samples 
collected over the 2-year period, the six 
plots can be divided into three groups 
with respect to the concentration of phos- 

PLOT I - 1952 a '53  t- S W E E T B A Y  L E A V E S  7 

f -  G A L L B E R R Y  
L E A V E S  8 S T E M S  c 

I 

6/1 7/15 IO/ I 
C O L L E C T I O N  D A T E  

Figure 2. Concentration of cop- 
per in each of 5 plant species 
collected on each of three dates 

Each dalum is  mean of 2 years except for  
pepperbush 

Table V. Concentration of Man- 
ganese in Vegetation with Signifl- 
cant Differences (P < 0.01) in 

Ranked Data 
Manganese, P.P.M. in Dry Matter 
Broom- 

Plof sedgea Broomsedges Blackgums 

VI 49 < 126 46 < 131 306 < 539 
I 52 < 126 -53 < 131 246 < 539 
I11 53 < 126 36 < 131 174 < 539 
V 56 < 126 57 < 131 207 < 539 
I1 57 < 126 63 < 131 166 < 539 
I V  126 , , , 131 . .  . 539 
a Ranked means of 30 samples collected 

on three dates in each of 2 years (1952 
and 1953). Date of collection within 
years was significant at the 1% level and 
year of collection was significant at the 
5 70 level. 

1952 (results confirmed in July 1953). 
h Means of 5 samples collected in Ju ly  

VOL. 4, 

phorus in broomsedge (Table VI). 
Plots 11. 111, and V fall in the lowest 
group, IV  and VI  fall in the medium, 
and I falls in the high group. Practically 
the difference between the low and me- 
dium group is of no importance. The 
phosphorus content of broomsedge in 
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Figure 3. Concentration of 
manganese in each of 5 plant 
species collected on each of 

three dates 

Each datum is mean o f  2 years except for  
pepperbush 
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Figure 4. Concentration of phosphorus in each of 5 plant species collected on 

each of three dates 

Each datum i s  meon of 2 years except for pepperbush 

Plot I is borderline and the difference 
between vegctation from this and the 
other plots is accepted as being of  
minor importance nutritionally. 

The data in Table VI show that the 
first t\vo samples of either broomsedge 
or blackgum leaves collected on each of 
rhe three dates in 1952 would also have 
separated the vegetation from Plot 1 as 
having a higher concentration of phos- 
phorus than that from the other five. A 
number of other sampling schemes were 
tested, but none gave consistent results in 
b o h  years, Thus. all five samples of 
broomsedge or blackgum! collected in 
July 1952: resulted in as good separation 
of plots as did a consideration of 15 
samples collected on the three dates. 
However? in 1953. no significant differ- 
ences in the concentration of phosphorus 
Lve're found when only the July broom- 
sedge samples were considered, and a 
difference onl>- a t  the level of sig- 
nificancr \%.as found in the blackgum 
samples for July 1953. Seithrr thr gall- 

berry nor the sweetbay leaves effected 
the same separations of the six plots as 
did the broomsedge. 

The concentration of calcium 
in the five species showed a 

15-foold variation from a low cf less than 
0.1% in broomsedge to a high of 1.4Yo 
in the leaves of the pepperbush. Except 
in broomsedge, the caicium concentra- 
tion increased as the leaves matured 
(Figure 5), the most striking change oc- 
curring in the pepperbush. There was 
no significant difference in the calcium 
concentration in blackgum, siveetbay, 
and gallberry leaves, but broomsedge and 
pepperbush were each clearly different 
from this group. 

From a consideration of the calcium 
content of all samples of broomsedge 
collected in both years (Table VII), the 
plots can be separated into three groups 
a t  the 2%. level of significance. Thus, 
broomsedge in Plots I and 111 contained 
significantly less calcium than that in  
11: 111: and V: while the broomsedge in 

Table VI. Concentration of Phosphorus in Vegetation with Significant 
Differences ( P  5 0.01) in Ranked Data 

Phosphorus, % of Dry Matfer 
I _._____ ~. ~ - ~ 

Plot Broornsedge" Broornsedgeo B l o c k g ~ r n ~  

I I  0,063 < 0.071 0.073 < 0.100 0.101 < 0.140 
I l l  0 063 < 0.071 0 .065  < 0.083 0 , 0 8 4  < 0.140 
v 0,064 < 0.071 0 . 0 8 3  < 0,100 0 .108  < 0.140 
V I  0.072 < 0.093 0 075 < 0 , 1 0 0  0 . 1 0 5  < 0.140 
I \; 0.071 < 0 093 0 , 0 7 1  < 0 100 0.092 < 0 . 1 4 0  
I 0.093 , .  0.100 " .  0.140 

Q Ranked means of30 samples collected on three dates in each of 2 years (1952 and 1953). 
There were highly significant (P 5 0.01) differences between years and between dates 
ivithin years (see Figure 4). 

b Means of the first two samples coilected on each of three dates in 1952. There were 
hiqhly significant ( P  5 0.01 ) differences between dates. These results were confirmed in 
1953, 

Plot VI  contained a significantly higher 
concentration of calcium than is in this 
species from either of the other groups. 

To determine the minimum number of 
samples of broomsedge that would have 
given an adequate separation, data from 
those collected only in 1932 or 1953 wrrc 
subjected to analysis (data for 19.52 only 
are shown in Table VII).  Plots I and 
111 were again shown to be significantly 
loiv (P 5 0.01) but the separation froin I1 
and V was not so clear as wich thr anal- 
ysis using all data. However, with both 
sampling schemes: Plot VI stood out as 
producing a grass with a significantly 
higher content of calcium. For ail 
practical purposes, it is clear that a 
collection of samples in either year would 
have supplied as much information 
about the classification of plots and the 
nutritional quality of this forage as 
measured by calcium as did thc 2 years. 

A further analysis was made of the 
samples collected in July of both years. 
The data given in Table VI1 shoiv thar 
only Plot I is clearly separated from th: 
higher level Plots IV, V5 and VI: while 
Plot VI  stands out as a significantlb- 
high calcium plot. For a practical 
nutritional interpretation, hocvevcr: this 
amount of information is of value. No  
other sampling scheme with broom- 
sedge or kvith any other species permittrd 
an equally good separacion of areas. 

The  total co- Cobalt Content of Soils content 

and that soluble in 1 to 1 hydrochloric 
acid in soils from each of the six plots are 
presented in Table VIII.  The soils have 
been ranked according to the coba.!t 
content of broomscdge growing thereon. 
The soil cobalt values show a limited 
relative agreement with those in the 
vegetation (Tables 111 and VIII). Plot 
lVj however? which supports vegetation 
cvith the highest cobalt content, has sub- 
stantially less soil cobalt than has Plot 
I I I?  lvhich supports vegetation containing 
significantly less cobalt than dors plot 
117. 

Discussion 

Although a number of soil-plant com- 
position studies have been reported (3, 9, 
12): no adequate estirnation of a normal 
variation in the mineral composition of 
plants grown under uniform conditions 
is available. 'That the range is large, 
however, i s  clearly indicated by the num- 
ber of samples required to characterize a 
limited area of a single soil type. Fur- 
Lhermore, the usual ra.nge of concentra- 
tion of cobalt in most vegetation is so 
low, particularly in the grasses, that 
variations of severalfold in samples from 
one plot are not uncommon. One ad- 
vantage of the blackgum leaf lies, there- 
fore, in the larger quantity of cobalt con- 
tained in ir and the smaller relative 
variation between samples. Hence, if 
sufficient relationship can be establishrd 
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between i t  and the forage species, the 
blackgum should serve as an excellent 
indicator for the cobalt status of the for- 
age species. The usefulness of blackgum 
is limited, of course; by its habitat. Al- 
though this appears to be extensive in 
eastern United States, it is l b i t e d  locally 
by moisture conditions. Fortunately, it 
is most frequently found in the Coastal 
Plain, where deficiencies of cobalt are 
commonly encountered (4). 

While it is clear that some increase in 
the concentration of cobalt in blackgum 
occurs as the leaf matures, the change is 
small. Probably a reasonable period 
between the collection dates on several 
plots would not affect a comparison of 
the data. This observation appears to 
hold for the other species studied. This 
fact would permit the study of blackgum 
leaves collected over a wide region for a 
period of several weeks-a matter of im- 
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Figure 5. Concentration of 
calcium in each of 5 plant species 
collected on each of three dates 

Each datum is mean of 2 years except for 
pepperbush 

portance where numbers of personnel are 
limited. 

A further advantage of blackgum lies 
in the fact that its leaves, remote from 
direct soil contamination, can be col- 
lected in abundance. The size of the 
tree apparently has no effect on the con- 
centration of cobalt in the leaf, small and 
large trees in close proximity to each 
other being similar in this respect. 

The composition of the blackgum leaf 
is more consistent with that of broom- 
sedge in respect to copper: manganese, 
and phosphorus than were the other 
species studied. Hence, with the ex- 
ception of calcium. this species can gen- 
erally be useful in estimating the quality 
of native forages with respect to their 
mineral nutrients. It is apparent that 
for this purpose not less than two and 
preferably more samples must be col- 
lected from any unit area. Of course, 
much more experience will be needed 

Table VII. Concentration of Calcium in Broomsedge with Significant 
Differences (P 5 0.01) in Ranked Data 

Calcium, % in Dry Mafter 
July 1952 

Plof 1952 and 1953" 1952 onlyb and 7953c 

I 
I11 
11 
V 
I V  
VI 

0 . 1 2  < 0 .17  0 .11  < 0 . 1 6  0 . 1 1  < 0 . 1 9  
0 . 1 3  < 0 .17  0 . 1 2  < 0 . 1 7  0 . 1 4  < 0 . 2 5  
0 . 1 7  < 0 . 2 3  0 .17  < 0 . 2 3  0 . 1 7  < 0 . 2 5  
0 .17  < 0 . 2 3  0 . 1 6  < 0 . 2 3  0 . 1 9  , .  . 
0 . 2 0  < 0 . 2 3  0 . 1 9  , . .  0 . 1 9  . . .  
0 . 2 3  . . .  0 . 2 3  . .  , 0 . 2 5  . .  . 

a Ranked means of 30 samples collected on three dates in each of 2 years (1 952 and 1953);  

b Means of 15 samples collected on three dates. Date of collection was not a factor at the 

c Means of 10 samples, 5 collected in July 1952, and 5 in July 1953. Year of collection 

neither year nor date of collection was a significant factor in the variation in the data. 

1 yo level of significance. 

was not a significant factor in variation in the data. 

in interpreting the mineral status of 
soils of widely differing characteristics 
and their vegetation from blackgum 
composition data. About 0.5 pound of 
dry black gum or pepperbush leaves 
from a cobalt deficient area and contain- 
ing 1.5 to 2.0 p.p.m. of cobalt would, 
along with the other browse and forage, 
supply the minimum daily requirement 
of cattle. 

Any variation in the mineral composi- 
tion of plant tissue due to date or year of 
collection appears to be no greater than 
variation among samples from the same 
soil. Data on the within-plot variation 
obtained in this study (but not presented 
in detail here) show that the cobalt con- 
tent of blackgum leaves sampled on one 
date from different plants on one plot 
may differ by as much as twofold. 
While the magnitude of these variations 
was often less, similar differences were 
found on all three sampling dates and in 
both years. The cause for such varia- 
tions \vas not determined, but they were 
not related to the size or age of the plant, 
the position of the leaf on the plant, or 
to the total or acid-soluble cobalt in the 
soil. Variations of threefold were found 
in the cobalt content of broomsedge from 
one plot, but they were not sa consist- 
ent from one date to another or one year 
to another as werevariations in blackgum. 

Microrelief on the plots with slight 
differences in drainage patterns could 
account for some variation in uptake of 
minerals. Thus: on one plot, there was 
a significantly higher concentration of 
manganese in the vegetation growing on 
a narrow strip through the center. The 
availability of manganese may be greater 
in the presence of excessive moisture 
( T O ) ,  and this condition probably ob- 
tains in the center of this frequently 
flooded area. 

Important within-plot variations in 
calcium were observed in many instances. 
In most cases the plant high in calcium 
in June was also high throughout the 
season, but in only a few cases did one 
plant remain high in the second year. 
There appeared to be little relation to 
variation of soil p H  within a plot. 
Differences between plots. except in the 
extreme cases, were not correlated with 
pH of the soils. A further investigation 
of variation in calcium and the other 
mineral constituents of the plant samples 
in relation to physical and chemical 
properties of the soil is now in progress. 

In agreement with earlier results (2, 5), 
it is interesting to note that the concen- 
trations of cobalt and phosphorus are 
significantly lower in vegetation from 
the Ona soil on the Talbot terrace than 
from this soil on the Penholoway terrace. 

Table VIII. Concentration of Cobalt in Air-Dried Soils Compared to that 
in Broomsedge 

Cobalt, P.P.M. 
Plof Surface Soilu Subsurface Soilb 
No. Tofa1 Acid-rolubled Tofal Acid-solubled 6roomsedgeC 

V 0 . 2 2  0 . 0 6  0 24-0 45 0.16-0 40 0 . 0 3  
I 0 . 3 4  0 . 0 9  0.34-0 90 0 05-0 10 n n4 . ~. 
I 1  0 .75  0 . 2 7  0.80-2.80 0.50-2.35 0 . 0 6  
I11 2 . 5 0  1.3: 2 ,70-2.80 1.80-2.30 0 . 0 6  
VI 2 . 1 4  1 . 5 2  2.65-3.90 2.30-3.85 0 08 
IV 1 . 4 0  0 . 5 5  1 .40-2,65 0.95-2.15 0 . 0 9  

a The AI horizon. The depth varied from 0-4 to 0-8 inches in the different plots. 
Values are the means of data from two composites of corresponding horizons, each com- 
posite prepared from three profiles. 

b The horizons below the AI. In general, the cobalt content increased with depth of 
the profile. 

c See Table 111. 
d 1 to 1 hydrochloric acid. 

The values given are for the second and the lowest horizons. 
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In genrral. tile level of minerals in vegetd- 
tion from the Talbot terrace is low with 
respect 10 higher terraces. although it 
has not a1wd)s been possible to show a 
significant diffrrence from that on the 
Penholowa\ terracr 

Conclusions 

An inrensive study ovcr a period of 2 
years of h e  concentration of cobalt, 
copper, manganese, calcium, and phos- 
phorus in five native browse and forage 
species showrd that sampling leaves of 
the swam,p blackgum, h5ssa s j h t i c n  
Marsh. var. bii-lora (\Val t . )  Sarg., was: 
excepL for calcium, an efficient method of 
estimating the mineral status ol native 
forage specits, 

Two samples of blackgum leaves from 
each soii plo: were adequate for group- 
irig soils w'ith respect to the mineral 
nutrients. cobalt and copper, in broom- 
sedge. Fivc samples were required for 
estimating 'he nutritional adequacy of 
phosphorus and significant differences 
in the manganese in broomsedge. Black 
gum was superior in this respect to other 
plant species tested. 

The bes! rstimate oi' the calcium stakis 
of !hew soils !\'as obtained from five 

samples of broomsedge collected from 
each plot in July of either of two years. 
Although some relationship of soil cobalt 
to the cobalt concentration in broorn- 
sedge and blackgum leaves was apparent, 
the cobalt content of the soil was not a 
sufficiently sensitive estimation of that in 
the plant to permit its classification in 
rerms of nutrient requirements of animals, 
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EUGENE P. ORDAS, VICTOR C. 
SMITH, and CHARLES F. MEYER 
Velsicol Chemical Corp. Ldbora- 
tories, Chicago, 111. 

To secure approval from federal and state regulatory agencies for the use of heptachlor 
and technical chlordan, it was necessary to measure the residue resulting from treatment 
of food and forage crops with these toxicants. Analytical methods were tested to find 
which were most specific and which were the least affected by plant extractives and other 
pesticides. The Davidow method for chlordan and the Polen-Silverman method for hepta- 
chlor were modified by microtechniques to detect toxicant in the 2.5- to 5.0-7 range. 
Methods were developed which used chromatography to separate as little as 27 (or 0.01 
p.p.m.) of toxicant with recovery in the range of 80% from as much as 2 kg. of crop 
material. Analyses of a large 
number of crops treated with recommended dosages of heptachlor and chlordan show 
no significant residue present at harvest time. 

Good agreement with bioassay methods was found. 

HE h E E U  FOR ACCURATE METHODS Tfk the specific determination of 
micro quanrities of  chlordan (technical 
chlordan, the principal componerir of 
which is 1,2,4,5,6.7,8,8-octachloro-3a~4,- 
7,7a-trtrahvdro-4,7-methanoindan) and 
heptachlor (1 34, 5,G,  7> 8,8-heptachloro- 
3a, 4,7,7a -tr. tra hydr-ct-4,7-methanoindene) 
on food and forage crops has led IO the 
invesrigatiori of the published methods 
of determining thrse toxicants. The 
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methods based on rota1 chlorine w r r  
examined but were not adopted because 
of their lack of specificity The colori- 
metric methods of hllesandrini and 
Amormino ( I ) .  Ard (2), Davidow (3),  
Harris (4) ,  Palumbo (8). dnd Polen and 
Silverman ( 9 )  were investigated. Micro- 
techniques were developed to use the 
Davidow method for chlordan and the 
Polen-Silverman mrthod for hepta- 
chlor. 

F O O D  C H E M I S T R Y  

The crops are ground, dried chemi- 
cally with anhydrous sodium sulfate, and 
extracted with "colorimetric" pentane. 
The pentane extracts are processed to 
remove plant pigments and waxes and 
are treated with the color-forming 
reagent. The intensity of  the color 
formed with the reagent is determined 
with a spectrophotometer adapted for 
sampling. on a micro scale. The toxi- 
can1 content is then interpolated from a 


