
essing behavior, product yield, and 
nutrient uniformity as any other com- 
ponent of the feed mixture. Decrease in 
particle size of recycle material favors 
granule growth and nutrient uniformity 
in the final product but a t  the same time 
reduces processing efficiency and product 
yields. 
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Soil conditions affecting the availability of minerals from MgNH,P04.H,0 have been 
investigated, and the successful use of this fertilizer as a source of N to produce potted 
flowering crops from a single preplant application has been demonstrated. Saturation 
of MgNH4PO1*H20 occurs at about 1.7 meq. per liter at 23.5” C. Solubility i s  only 
moderately affected in the temperature range from 10” to 40” C. Dissolution is  en- 
hanced by acid soil conditions, increased levels of soil moisture, and nitrification. Surface 
applications result in a slower release of nitrogen than soil incorporations of fertilizer. 
Particle size of the fertilizer exerts a strong influence on the rate of dissolution at con- 
centrations far from saturation, but the rate of dissolution is  also strongly influenced by 
the saturation deficiency which minimizes the effect of particle size. When incorporated 
in the soil, the effect of particle size of MgNH,PO,.H?O on plant growth was smaller than 
would be anticipated from surface area considerations. 

E T A L  ammonium phosphates have M recently been proposed as long- 
lasting, nonburning fertilizer sources of 
N. P. and various metals including hlg5 
Fef’. Zn. h4n42. Cu. and Co ( I ) .  The  
general formula for this group of com- 
pounds is I L ~ c S H I P O ~ . . \ H ~ O .  \Vith the 
exception of the Zn compound. \vhich is 
stable under ordinar!. conditions in the 
anhydrous state. all compounds are 
conveniently stable as the monohydrate. 
Since they are compounds of limited 
solubility. their utility as fertilizers is 
particularly attractive in those applica- 
tions where leaching losses of soluble 
fertilizers would be high or \\.here low 
“burn-hazard” or long duration is 
important. I n  this resprct. this group of 
fertilizrrs is of particular interest for the 

production of container nursery stock. 
flower crops. landscape installations. and 
turfgrass (3). 

This paper reports on several studies 
of various conditions which may be 
expected to affect the availability of 
minerals from metal ammonium 
phosphates. 

Methods and Materials 

The fertilizer materials used in these 
studies were commercial products and 
were classified in various particle size 
groups as summarized in Table I. 

Solubility. A series of experiments 
\vere conducted to determine the 
presence of soluble impurities. solubility 

at  saturation. influence of particle size 
and temperature on the rate of solution 
and solubiliry. and influence of thc 
presence or removal of the products of 
solution on the dissoluLion of the min- 
erals. In general. the procedure follo\ved 
\vas to add a quantity of the material 
under investigation KO a flask containing 
distilled water and agitate by aeration 
in a constant temperature room. 
Samples of the supernatant were taken 
periodically for conductometric analysis 
or for analysis of Mg. P: or A X 4 .  Addi- 
tional pertinent details related to these 
experiments are given in the discussion 
or in the figure legends. 

Nitrification. The influence of nitri- 
fication on the amount of dissolution of 
h I g N H 4 P 0 4 . H p 0  \+-as investigated using 
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the following 2 days for and ”4, 

and the quantities extracted from the 
soil were computed. Treatment 
variables, which were replicated four 
times, were as follows: 

Table I, Particle Size of Fertilizer Materials Used in This Study 
Mm.  Diameter, % Smaller Than: 

Material 4.7 2.36 1.17 0.59 0.295 0.208 0.147 

MgNHdP04. H20 (8.37; N )  
. . .  . . .  . . .  . . .  Coarse granules 42 0 , . .  

Powder . . . . . .  , . .  100 96 74 23 
Medium granules 100 88 26 7 , . .  . . .  . . .  

Medium granules 100 79 2 . . .  . . .  . . .  . . .  
Mg(NH4 6/7, K 1 /7) PO1 * H2Oa 

The approximate analysis of the material-N, 7%; P, 17.5$,; and K, 3.35, (P205, 
4OCC; KrO. 4%,)-indicates about 1/7 isomorphous substitution of K for “4. 

Table II. Fertilizer Treatments and Response of Delaware Chrysanthemums 
Measured at Maturity 

Treat- 
ment 

1 

2 
3 
4 
5 
6 
7 

8 

9 
10 
11 

1 2  

13 

14 

Grams N 
per Pat 

. . .  

0 . 5  
1 . o  
2 . 0  
3.0 
4 . 0  
8 . 0  

1 . o  

1 . o  
1.0  
3 .0  

3 . 0  

2 . 0  

2 . 0  

Av. 
Flower Av. 

Method of Other Diamefer N o .  of 
Application Additions“ ( I n . )  Stems 

NUTRIENT SOLUT~ONC 
Irrigation A 5.9 14 .3  

MgNH4P04a H?O MEDIUM GRANULES 

Incorporated B 4 . 9  13.0 
Incorporated B 5.1 14.0 
Incorporated B 5 . 2  13 .3  
Incorporated B 4.9  15.7 

water 

Incorporated B 4.5 11.0 

Incorporated B 4 . 5  12.3 

POWDER 
Incorporated B 5.2  14 .0  

COARSE 
Incorporated B 5.0 11.7 
Surface B 4 . 6  11 .3  
Incorporated B 4.9  15.7 

POWDER 
Incorporated B 4.6  15.0 

FeNHiPOI H2O POWDER 
Incorporated B 5 . 2  13.7 

MnNHiPO,. Ha0 POWDER 
Incorporated B 5.1  15.3 

l ea f  
Calor 

Dark 

Light 
Medium 
Dark 
Dark 
Dark 
Dark 

Medium 

Medium 
Light 
Dark 

Dark 

Medium 

Dark 

Over-al l  
Plant 

Qualityb 

Excellent 

Poor 
Good 
Excellent 
Excellent 
Excellent 
Good 

Good 

Good 
Poor 
Excellent 

Excellent 

Excellent 

Excellent 
a ( A )  2 grams of single superphosphate and 2 grams of urea-formaldehyde were mixed 

into each pot prior to planting. 
( B )  100 grams of dolomitic limestone and 50 grams of gypsum were added to each 

cubic foot of the soil mix and 4 grams of heavily coated KC1 (supplied by .4rcher Daniels 
Midland Co., Minneapolis, Minn.) were added to each pot. 

6 Judgment based on leaf size and color, density of foliage. flower number and size, and 
general appearance. 

c Hoagland’s (.3) nutrient solution No. 2 15 p.p.m. Fe was supplied as EDTA) was supplied 
with each irrigation. 

Marginal leaf necrosis or flower injury reduced quality rating. 

a Yolo loam soil. This soil had an  
initial p H  of 5.2 but was adjusted to pH 
6.9 by adding to it 1% CaCO3 and 
0.1% NaHCOs. mixing, wetting. and 
allowing it to dry. Ninety grams of the 
qoil thus prepared were mixed with 12 
grams of horticultural perlite (ap- 
proximately twice the volum: of the 
soil) to assure good aeration, and after 
the additives listed under treatments be- 
lobs Irere mixed in, the moisture content 
was adjusted to 15%. Soil samples were 
placed in loosely capped glass jars which 
were stored at  hiTh relative humidity in a 

room a t  26.5’ C. The  samples were 
incubated for 24 days, and adjusted for 
small weight changes about midway 
through the study .4t the end of the 
incubation period. th: entire sample was 
mixed with 100 ml. of 14\- MgSO,. 
which was a t  11 ’ C.. and stirred for about 
3 minutes. after which a sample of the 
solution phase \\as obtained using a 
suction filter. This extraction procedure 
previously had been shown to extract 
negligible quantities of S H i  from 
powdered MgNH,PO*.H?O. The  
sample obtained mas analyzed during 

Treat- Additive per 102 
ment Grams of Soil-Perlite Mixture 

a Nothing 
b 125 mg. blood meal (13% N) 
C 125 mp. blood meal -k 2% 

formaldehyde in the wate; 
used to moisten the sample 

d 250 grams powder MgNH4POv- 

e 250 grams powdm MgNH4PO4.- 
H20 + 2y6 formaldehyde in 
the water used to moisten the 
sample 

Same as “d” except coarse 
granules MgNHaPO1. H20 
were used 

g Same as “e” except coarse 
granules MyNHIPOI- H?O 
were used 

H20 

Soil Reaction. The influence of soil 
p H  on the dissolution of MgNH,- 
P04,H20 was studied by adding various 
quantities of FeSO4.7Hz0 o r  a mixture 
of dolomitic limestone and S a H C 0 3  to a 
Yolo soil. The  additives were blended 
into the soil, the moisture content of the 
soil was adjusted to 13%; and the 
samples were alloised to incubate for 2 
weeks to allow pH values to approach 
equilibrium. During this period? the 
soils were mixed occasionally, and 
the p H  of samples was measured by the 
water-saturated paste method. At the 
end of this period, the p H  values had 
nearly stabilized. The  extreme quanti- 
ties of reagents required for the p H  
adjustment of 4650 grams of soil were 
30 grams of F e S 0 4 , 7 H 2 0  or a mixture of 
454 grams of dolomitic limestone and 40 
grams of NaHC03, respectively. 

At the end of this incubation period. 
the soil moisture was adjusted to 13.8% 
(field capacity was 15.7%-the procedure 
used to adjust soil moisture levels is 
described belors under “Soil Moisture”). 
Soil samples weighing 573 grams (dry 
weight) were taken and 10 grams of 
medium granules M g N H 4 P 0 4  H.0 were 
added and mixed into each sample. A 
series of soil samples without fertilizer 
served as a control. Samples were 
stored in a humid environment a t  23’+ 
3’ C. in 1-quart glass jars loosely closed 
with screw cap lids and mixed twice 
weekly for aeration. 

.4fter 41 days of incubation, the pH 
and moisture content of a small aliquot 
of each sample were determined, then 
the entire sample \ras transferred to 500 
ml. of 1.V MgSOl (pH 6.75) a t  11’ C. 
and stirred vigorously for 3 minutes. 
Sixty milliliters of filtrate were obtained in 
2 to 3 minutes by filtration with vacuum. 
This procedure dissolved nvgligiblt. 
quantities of &-Hi from the fertilizer. 
The  extract was analyzed for “ 4 - S  

and N03-N> and  the total extractable N 
content of the soil samples \vas computed. 
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Table Ill. Fertilizer Treatments and Response of Poinsettias Measured at Maturity 

Treaf- 
menf Grams N per Pot 

1 

2 1 . o  plus 
nutrient 

6 2 . 0  
, 3 . 0  
8 3 . 0  

- 

LSD (0.05) 

Method o f  
Application 

Irrigation water 

Incorporated and 
irrigation water 

Incorporated 
Incorporated 
Incorporated 
Surface 
Surface 
'/s Surface 
'/? Incorporated 

Av. Av. 

Additionsa ( I n . )  ( I n . )  

'4 1 8 . 0  11.7 

Other Height Bract Diam. 

NCTRIENT SOLUTIONC 

MgNHIPOI'  H20 MEDIUM GRANULES 
A ,  B 15 .0  12.3 

C 17.9 12 .1  
C 14 .1  11 .2  
c 8 . 6  9 . 2  
C 20.0 13 .8  
C 19.9 13.5 

C 10.5 8 . 2  
1 . 6 7  1.13 

l ea f  
Color 

Medium 

Dark 

Medium 
Dark 
Dark 
Medium 
Dark 

Dark 

Relofive 
lea f  

Abscission 

Considerable 

Slight 

Moderate 
Slight 
Considerable 
Slight 
Slight 

Moderate 

Evalootion" 

Poor 

Excellent 

Poor 
Good 
Poor 
Excellent 
Excellent 

Poor 

a ( A )  Each pot received 2 grams of single superphosphate, 2 grams of dolomitic limestone, and 1 gram of gypsum. 
( B )  2 grams of heavily coated KC1 (supplied by Archer Daniels Midland Co.). 
(C) 100 grams of limestone and 50 grams of gypsum per cubic foot of soil mix, and 4 grams of heavily coated KC1 were added to each pot. 
Judgment was based on color and density of foliage, size of plant, size and number of flowers, and general appearance. 
Three times weekly irrigation was made with a nutrient solution containing 14 meq. NH4N0,  per liter, 3.5 KN03, and 4.5 Ca(NOa)p 

The moisture content of the soil samples 
\vas required a t  the termination of the 
study to compute the total volume of the 
solution from which the sample for 
analysis was obtained. The average 
moisture content of samples a t  the ter- 
mination of the study was 14.0%- 
sampling error no doubt was responsible 
for the disparity between the initial and 
final moisture content measured. The 
authors estimate the soil moisture suction 
a t  this moisture content to be less than 
0.5 bar. 

The influence of soil 
moisture on dissolution of MgNH4P04 a - 
H 2 0  was studied by incubating 
fertilized samples of soil of various 
moisture contents for 36 days. then 
extracting and analyzing for the NO3 
and SH1-?J which had been transferred 
to the soil. The p H  of Yolo loam was 
adjusted to 6.9 as described above, and 
incubation and extraction techniques 
were previously described. Moisture 
levels were originally adjusted ap-  
proximatdy to the values listed in Figure 
1 by adding the proper amount of water 
dropwise to samples of air-dry soil spread 
thinly on a plastic sheet, mixing, and 
allowing to "equilibrate" 3 days in a 
tightly sealed jar .  The moisture con- 
tent was determined a t  the end of this 
period. Three samples of soil a t  each 
moisture level were thcn weighed out, 
and into one of these series of soils 10 
grams of powder MgSH4P04.  H2O were 
mixed? while a second series received 
10 grams of medium granules, and the 
third series was unfertilized. The size of 
the moist samples was such that the dry 
weight of each was 573 grams. 

The field capacity of the soil used was 
estimated a t  15.7%. A value of 9% 
moisture was obtained for samples 
equilibrated on pressure membrane 
apparatus at 5 bars. The permanent 

Soil Moisture. 

wilting percentage in the soil was 
expected to occur at about 8 to 8.570 
moisture. 

Figure 1 indicates the range of 
moisture levels used in the study. 

Placement of Fertilizer. The effect 
of surface application as compared to 
the incorporation of MgNH4P04 .H20  
in soil on the dissolution of the fertilizer 
was investigated by using columns of soil 
which were periodically leached with 
tap water. Krilium-treated (O.lyo 
VAMA) Yolo loam. having a p H  of 5.2. 
was placed in glass tubing, 5-cm. I.D. 
Eight hundred grams of soil produced a 
column about 40 cm long. Treatments 
consisted of: incorporation by uniformly 
mixing through the soil of 4.5  grams of 
powder MgNHIPOJ . H , O ;  incorpora- 
tion in same manner of 4.5 grams of 
large granules MgSHIPO4. H,O; sur- 
face application of 4.5 grams of the 
powdered fertilizer; surface application 
of 4.5 grams of the large granules; and 
nothing added. Each fertilized column 
thus received 375 mg. of N. Each 
treatment was replicated twice. 

The columns were leached 27 times 
during a 100-day period after addition 
of the fertilizer. About 100 ml. of tap 
water containing about 4 meg. per liter of 
salts were used for each leaching. The 
leachate was collected and measured 
and analyzed for YH4 and SO3. 

Analytical Procedures. Mg was an-  
alyzed by EDTA titration after removal 
of Ca bv oxalate precipitation; P was 
measured colorimetrically by the van- 
adate procedure; NHa was determined 
colorimetrically by using Sessler's 
reagent after distillation \vith micro- 
Kjeldahl apparatus; and so3 was 
analyzed colorimetrically by the phenol- 
disulfonic procedure. Soil reaction was 
measured with a glass electrode and 

electrical conductance was measured \vith 
Model RC-I6 conductivity meter by the 
Industrial Instruments Co. 

Production of Potted Flower Crops. 
CHRYSASTHEMUMS. Commercially pro- 
duced rooted cuttings of Delaware 
chrysanthemum were planted into clay 
pots having a usable soil volume of 1.2 
liters. Five plants were established in 
each pot. The soil mix used consisted 
of one half by volume each of fine 
sand and sphagnum peat moss. Cul- 
tural practices were tvpical for 
commercial production and included 
pinching out or the terminal bud 1 week 
after planting to induce branching. 
Lateral buds were removed from the 
branches to produce one large flower per 
branch. Irrigation wa with tap water, 
usually applied daily. Treatments, 
replicated three times, consisted of the 
fertilizer variables listed in Table 11. 

Flowering occurred about 11 weeks 
after planting and treatments were 
evaluated on the basis of flower diameter 
and number, plant height, general 
appearance, and foliage color. 

POISSETTMS. Commercially rooted 
poinsettia cuttings, variety Barbara Ecke 
Supreme, were planted August 31. in  
clay pots having a usable soil volume of 
1 liter. One plant was established in 
each pot. The soil mix was the same as 
that used for chrysanthemums. Plants 
were pinched to induce branching 12 days 
after planting. Night temperatures in 
the greenhouse rvere maintained a t  
15' C. Irrigation was with tap water. 
except for treatments receiving liquid 
fertilization. The fertilizer treatments 
are listed in Table 111. Each treatment 
was replicated 10 times. Plants matured 
about December 10. To evaluate re- 
sponse, notes were taken on the relative 
amount of leaf abscission, leaf color. 
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Figure 1 .  Influence of soil moisture on the total 
amount of N extracted from soil fertilized with 
MgNH4P04.HzO after 6 weeks of incubation 

ceiving coorse granules, 0-0 unfertilized group 
A-A soils receiving powdered fertilizer, +-+ soils re-  

maturity dat-, and height of plants 
measured from the base of the main stem 
to the base of the inflorescence. The 
maximum diameter of each inflores- 
cence was recorded and an average 
calculated for each plant. 

Results and Discussion 

Solubility Considerations. IM- 
PURITIES The electrical conductance 
developed. as a function of time in 
various suspensions of medium granules 
of SfgNH4P04.H20 in distilled water is 
summarized in Figure 2 .  In Figure 2C: 
the conductivity of the supernatant liquid 
approached a constant value of about 
0.42 mmho and was independent of the 
amount of solid phase M g N H 4 P 0 , . H r 0  
in the suspension. This, of course, is as 
would be expected for slightly soluble 
minerals. In Figure 2'4, electrical con- 
ductivities much higher than 0.4 mmho 
were observed. which irere also related to 

the amount of material in suspension. in- 
dicating the presence of soluble impuri- 
ties in the M g S H * P O $ . H ? O .  'The solu- 
ble impurities constituted about 47, by 
weight of this sample. 

SOLUBILITY. .4nalysis of the super- 
natant liquid of the second resus- 
pension of M g N H ~ P O ~ . H ~ O  containing 
4 grams per liter yielded the follo\ring 
results 

Mmoles /Liter 
Mg NH,  P ?y7 1 71 1 41 1 68 

and the electrical conductivity \vas 0.42 
mmho per cm. at  25' C.  

The solubility found corresponds to 
22.6 mg. of the anhydrous salt per 100 
ml. This is more than 50% higher 
than the solubility reported by Bridger. 
Salutsky. and Starostka ( 7 ) .  

The data obtained permit a calcula- 
tion of the solubility product constant for 

I ,  

T I M E ,  HOURS 

Figure 2. Electrical conductance (corrected to 2 5 "  C.) 
of the supernatant liquid of suspensions of medium granules 
of MgNH4POa.HsO as a function of time 

"5" is  a resuspension in distilled water  of the granules used in "A", and 
"C" is  a resuspension of the granules used in " B " .  A-A represent a 
suspension a t  the ra te  of 16 grams per liter; 0-0 represent a suspension 
a t  the ra te  of 4 grams per  liter; and X-X represent a suspension a t  
the ra te  o f  1 gram per  liter 

MgSHJPOJ .  if the PO, concentration is 
computed using simultaneous equations 
and the ionization constants for HsP04. 

K S S ~  = [Mgl [XH,] [Poi ]  
= 1.71 x 10-3 x 1.41 x 10-3 x 

= 1.55 x 10-13  

6.41 X 10-8 

This value compares Lvith 7.1 X lo-" 
reported by Taylor e t  a l .  (8)! who further 
concluded that the mineral does not 
dissolve congruently. 

Figure 3 sho\vs the increase in electrical 
conductivity of a previously washed 
suspension of magnesium ammonium 
potassium phosphate versus the log of 
time in hours. The approach to satu- 
ration !cas approximately linear with the 
log of time and occurred a t  about th: 
Same concentration as Lvith magnesium 
ammonium phosphate. That equilib- 
rium is approached so slondy tends to 
extend the time minerals Xvould become 
available from this fertilizer. 

PARTICLE SIZE EFFECTS. .L\lthough 
the particle size of the materials used 
could not be expected to affect the 
equilibrium concentration appreciably. 
particle size does have a large effect on 
the time required to reach equilibrium. 
Table I\' shows the electrical con- 
ductivities of suspensions of coarse, 
medium. and powdered MgNH4PO4.- 
H,O a t  intervals of 0.5: 1. and 6 hours. 
The rate at  Lvhich solution occurs is 
probably proportional to the relative 
amounts of surface area exposed when 
first placed in ivater. but the rate a t  
xvhich the equilibrium concentration is 
approached is also affected by the satura- 
tion deficit, and this soon causes the 
direct relationship to surface area to be 
seriously distorted. .4fter 6 hours. about 
half as much dissolution of the coarse 
granules had occurred as had occurred 
from the powder although the latter 
solution \vas only approximately one half 
of saturation. Discounting the surface 
area contribution due to surface rough- 
ness: the powdered material used in this 
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study had a surface area several hundred 
times greater than the coarse granules. 
Particle size is a factor of considerable 
importance in regulating the availability 
of minerals from MgSH4POa .  H20 ; 
however. as \vi11 be discussed sub- 
sequently, the effect is not nearly so 
large as might be expected on the basis 
of surface area. 

ing values of electrical conductance 
(EC mmhos per cm. a t  25' C.)  were 
obtained for the supernatant liquid of 
suspensions of previously washed Mg- 
NH,PO,.H?O powder agitated for 48 
hours at the indicated temperatures. 
'l'he suspension concentrarions ivere 10 
grams per liter. 

'Temp. " C .  4 10 21 30 40 
EC,mmhos 0 33 0 . 3 -  0 . 4 2  0 . 4 3  0 .45  

TEMPERATURE EFFECTS. The  fOllO\%'- 

'l.he initial rate of jolution (at the end 
of 30 minutes) \\as only slightly 
influenced by temperature. Differences 
due to temperature \vere larger a t  the 
end of 48 hours than a t  the end of 30 
minutes. Apparently the solubility of 
MgNH,PO$. HCO is influenced some- 
what by temperatures but the effect is 
sufficiently small so that it should not be 
important in most situationq. 

Sail Reactions with MgNH,PO, HCO. 
T h e  solubility product principal permits 
one to anticipate a 'number of reactions 
which Ivould affect the dissolution of 
M g N H J W , . H ? O .  .Any reaction which 
\vould tend t o  remove either Llg. S H I ,  
or PO, from the solution phase ivould re- 
sult in a greater amounr of dissolution of 
the mineral 01- conversely high solution 
phase concentration of Mg, S H , .  or PO, 
\vould reduce solubility. Thus. the 
nitrification of ammonium ions \vould 
result in greattr dissolution of the mineral. 
Figure 4 illustrates the general effect 
produced by removing from or addinq to 
the solution phase Mg. KHi.  or PO,. 
' Ihe  presence of either an anion or cation 
exchange resin in the suspension greatly 
increased the amount of NH,  dissolved 
from XfgSHJPOI. ivhile 0.05,M MgSO, 
depressed thr amount becoming soluble. 

N I T R I F I c . A r I o s .  I'he process of 
nitrification ivould br expected to ac- 

Table IV. Electrical Conductivity of 
the Supernatant liquid of Gently 
Agitated Suspensions (10 Grams 
per liter) of Various Size Particles 
of MgNHIPOa.H.0 after three 

Time intervals 
Susprnsion temperature was 22"  C:. 

EC of  Supernotenf liquid, pmhos 

Size 0.5 hour 1 hour 6 hours 

- ~_______ 
Particle After After After 

Coarse 26 44 110 
Medium 32 '2 145 
Powder 134 142 221 

celerate the solution of MgSHaPOd when 
XH4 concentrations become high. Table 
V summarizes the da ta  obtained in the 
nitrification study and shows that much 
more total soluble nitrogen (NO3 plus 
NH4) was obtained from po\vdered 
M g S H 4 P 0 4  under nonsterile than under 
sterile conditions. Nitrite may also have 
been present in the nonsterile conditions 
Ivhere high levels of NHl were present. 
If so. the da ta  underestimate the in- 
fluence of nitrification on dissolution of 
the fertilizer. \Vhere the rate of solution 
\vas sloiv (Lvith the large granules), 
nitrification did not have a large effect 
on the total soluble nitrogen obtained. 
presumably because in the rime allowed. 
SH1 concentrations did not reach levels 
high enough to retard the rate of dis- 
solution substantiall>-. 

The data in Table L7 confirm the 
expectation that lvhen S H I  production 
from M g N H , P 0 4 . H ? 0  iz high, the 
nitrification process can result in a more 
rapid dissolution of the mineral than 
would other\vise be the case. The  same 
result Jvould be expected from other 
factors lvhich might be removing h-Hd 
from the soil solution. such as plant or 
clay adsorption of SH,.  Like\vise soil 
adsorption of Mg or phosphate rvould be 
expected to accelerate dissolution of the 
mineral for the same reasons. 

Bridger e t  a l .  ( I )  re- 
port about a joyc increase in the 
so1ubilit)- of M g N H J P 0 4 . H r 0  in 0.001.\- 
HC1 as compared to lvater. In an acid 
soil system. adsorption of soluble hlg, 
NH4. and PO, b)- the solid phase would 
also be expected to increase the dissolu- 
tion of hlgNH,POJ.H,O. O n  the 
other hand. nitrification processes in 
many mineral soils are substantially 
reduced under moderately acid condi- 
tions (2 ) .  'Phis tendency per se: con- 
sidered in the light of nitrification effects 
previously presented. would be expected 
to reduce dissolution of MgXH1- 

In the alkaline pH range. a number of 
soil interactions Tvould be expected to 
affect dissolution of M g S H l P O l . H r 0 .  
For a given level of soluble P. more POI 
relative to HPOa or H ~ P O I  is found Lvith 
increasing pH. Soluble levels of hlg 

SOIL REACTION. 

PO,. H?O. 

Water o n l y  0 05 M MOS04 Anmn r C I 8 n  C o l l o n  rOSln 

Figure 4. Percentage o f  NH4 dis- 
solving from 10 grams of medium 
granules of MgNHdPOd. H20 agitated 
for 48 hours at 23" C. under the fol- 
lowing conditions: (a) 500 ml. of dis- 
tilled water added, (b) 500 ml. of 
0.05M MgSOa, ( c )  500 ml. of dis- 
tilled water plus 2 grams of Dowex 
1-x2 (a strongly basic anion ex- 
change resin containing adsorbed 
CI), and (d )  500 ml. of distilled water 
plus 2 grams of Dowex 50 W-X2 (a 
strongly acidic cation exchange resin 
saturated with Na) 

In treatment (d), the NH, was exchanged off 
the resin and a d d e d  to that in solution in com- 
puting the percentage of NHd dissolved 

often \\-auld be higher under alkaline 
conditions. and this \vould tend to 
minimize dissolution. \\-ith surface 
application. loss of NH,  by volatilization 
(I) a t  p H  values above 7 .5  Ivould tend 
to hasten dissolution. 

'The influence of soil reaction on the 
quantity of nitrogen extracted from 
Mg-NH4P0,.  H 2 0  which had incubated 
for 6 \veekb is summarized in Table VI. 

In  the unfertilized series. pH values 
tended to shift to\vard the range of 
about 4.4 to 5.0 during the incubation 
period. NH4 \vas found only ivhere pH 
values remained below 5.2-presumably 
because nitrification wai occurring a t  
higher pH values. The  total nitrogen 
extracted in the unfertilized series 
averaged about 82 mg. and did not shojv 
a trend except that the highest p H  treat- 
ment \vas do\\-n, Quite probably some 

Table V. Nitrogen Extracted from Soils incubated for 24 Days with Several 
Additives under Sterile and Nonsterile Conditions 

M g .  N Extracted per Sample ~ 

S o t h i n g  Tonsterile 0 1  8 2  8 3  
R i n d  mPaI Nonqtei ile 0 2  16 0 16  2 

Additives Soil Conditions NH,  NO4 rotoi 

~ ~~~ ~ 

Blood mral f HCHO Sterile 1.: 1 . 2  2 . 9  

Powder MgNHAPO, + HCHO Sterile 4 0 . 0  2 . 2  4 2 . 2  
Large qranules MgSHAPO4 Nonsterile 0 . 6  1 8 . 3  1 8 . 9  

PoLvder h?gNH,PO, Nonsterilr 4 1 . 5  3 0 . 8  - 2 . 3  

H C H O  Sterile 14  8 4 3  19 1 
Lar& granules M~-NH,PO, + 

V O L .  1 2 ,  NO. 6, N 0 V . - D E C .  1 9 6 4  501 



volatilization of any "3 produced oc- 
curred at the three highest p H  
treatments. 

The M g N H 4 P 0 4 .  H p O  fertilized series 
shows well defined treatment effects. 
The  pH shifts were much larger than the 
unfertilized series and reflected the 
tendency of MgNH,PO? to stabiliz- 
around pH 6. Interestingly, no pH 
shift was observed for the soil originally 
at pH 5.8, but as soils were initially more 
acid the higher the final pH became. 
Very probably this is due to an increasing 
amount of dissolution resulting from in- 
creasing acidity. with the result that the 
larger amount of PO, produced raised 
pH values higher. In general, pH 
reduction in the alkaline range was 
greater than that ivhich occurred in the 
unfertilized series and was probably due 
to the acidulating action typical of 
NH, fertilizers which undergo nitrifica- 
tion. The NH, extracted was relatively 
constant in the acid range but declined 
sharply in the alkaline range probably 
because of volatilization losses at pH 
7.5 and above. Many data are available 
shoiving that while ammonia losses may 
be substantial at pH values of about 7.5 
and higher, losses may be reduced when 
the fertilizer source is covered by several 
centimeters of soil ( I ) .  Very probably 
nitrogen losses occurring in the alkaline 
pH range in these laboratory studies are 
greater than would be encountered under 
field conditions if the fertilizer were 
covered by several centimeters of soil. 
The NO3 curve shows a well defined 
maximum for the treatments near the 
middle and slightly acid part of the pH 
range. Deviations from the quantities 
found a t  the pH extremes no doubt 
largely reflect the soil's capability for 
nitrification. 

Apparently increasing the soil pH in 
the ranges normally encountered in soils 
tends to reduce moderately the dissolu- 
tion of MgNH4P04 .H20 .  The in- 
fluence of the nitrification process. in the 
pH range where this transformation is 
possible, accelerates the dissolution re- 
sulting in a broad maximum for the total 
nitrogen obtained, ranging from about 
neutrality to around pH 5.5. The fact 
that the MgNH4P01 .Hz0  caused sub- 
stantial shifts in the pH values precludes 
a more definite statement on pH effects. 

The influence of MgNH1POa.H20 
on soil reaction is? of course, a matter of 
considerable practical interest. A com- 
parison between pH changes occurring 
in the fertilized and nonfertilized series 
clearly shows the tendency of MgNH4- 
P O r  to buffer in soils of pH 5.8 to 
6.0. The application rate used in this 
study was several times as high as might 
typically be used for fertilizer application 
and consequently the pH changes in 
normal fertilization practices may not be 
as large. 

SOIL MOISTURE. The influence of soil 
moisture on the total amount of N 

extracted from soils fertilized tvith 
MgNH?PO,.H*O after 6 weeks of 
incubation is shown in Figure 1. In the 
soil used, field capacity was estimated to 
be 15.7% moisture. and an average 
value of 9.0Yc moisture was obtained for 
samples equilibrated on the pressure 
membrane apparatus at 5 bars. The 
permanent wilting percentage in the soil 
is expected to occur a t  about 8 to 8.5Yc 
moisture. In Figure 1 the quantity of 
N extracted a t  the end of the incubation 
period is plotted against the average 
of initial and final moisture levels found 
in the soil. During the incubation 
period, samples at the four lowest soil 
moisture treatments lost an average of 
1.1 % moisture while those on the highest 
four treatments lost an average of 3.5%. 

Soil moisture levels exert a con- 
siderable influence on the amount of 
nitrogen dissolving from hlgNH4POc. - 
H20. The increase in N dissolving with 
increasing moisture content was greater 
for powder than with coarse granules. 
The higher the moisture content, the 
greater the volume of water with which 
MgNHdPOI. H e 0  attempts to equilib- 
rate. Were this the only consideration, 
the amount of S dissolving from MgNH4- 
PO,.HpO would be expected to be ap- 
proximately proportional to the moisture 
content of the soil. The relationship 
found for coarse MgNH?POa.H?O is 
approximately linear. Nitrification was 
occurring at such a rate that very little 
NH, was found except at the three lowest 
moisture levels. Therefore. the tendency 
for increased dissolution of coarse Mg- 
NH4P04'  HnO with increasing moisture 
content probably reflects, by and large. 
the tendency for Mg and PO1 to equili- 
brate with larger volumes of water. 
The failure to show direct proportionality 
is probably due to diffusivity effects and 
soil adsorption. 

In the case of the powdered MgSHr-  
PO, .H?O,  a very large increase in the 
quantity of N which dissolved occurred 
in the averaged moisture range of about 
8 to 107c. This range coincided with the 

moisture range in which there was a 
large increase in nitrification. Quite 
probably the moisture effects on solubil- 
ization of S with powdered MgNHr- 
PO4.HpO are due both to removal of 
NH, (from the solution near the mineral) 
by nitrification as well as to diffusion of 
the solution phase products of dissolution 
from the mineral surface. Diffusivity is 
related to the thickness of moisture films 
(4). and the removal of Mg. S H 4 ,  or PO4 
from the solid surface would increase by 
this mechanism with increasing moisture 
content. 

Although moisture levels clearly exert 
a considerable influence on the dis- 
solution of MgNHJ'O?.H?O, this may 
not complicate management problems 
excessively since the large effect occurred 
in a relatively dry range-about in the 
moisture range where an irrigation 
would normally be made. 

MODE OF IKCORPORATIOS. The re- 
sults of repeated leaching of soil columns 
during a 100-day period to which 
powdered or coarse granules of MgNH4- 
POI'HCO had been added either by 
incorporation in the soil or as a top- 
dressing are shown in Figure 5. Particle 
size and method of application of 
fertilizer produced large effects on the 
amount of nitrogen recovered from the 
columns. Powder forms of MgSHr-  
POI .  H 2 0  yielded N more rapidly than 
granular forms, as would be expected, 
and the influence of mode of application 
is also large-surface application yielding 
nitrogen more slowly than when the 
fertilizer was incorporated. This effect 
was no doubt largely due to a tendency 
of surface applications to dry somewhat 
between leachings, less diffusion of the 
soluble components from the fertilizer, 
and probably less nitrification in the 
vicinity of the fertilizer. Since leaching 
was done about twice weekly, the surface- 
applied fertilizer tended to remain 
relatively moist and differences in 
nitrogen release due to application 
methods would be increased had the 
intervals between leachings been longer 

Table VI. Initial and Final Soil pH Values Found and NHI, Nos, and Total. 
Mg. of N Extracted from an Unfertilized Series of Soils and Soils Receiving 

10 Grams of MgNH,P04 .H20  per 573 Grams of Soil 
Incubation period was 42 days 

Unfertilized Series MgNHIPO4. H?O Series 

pH pH NH4" N o d a  Totala pH pH N H A ~  NOS" Total" 
56 263 3 . 8  4 . 2  1 0 . 8  32 93 3 . 8  6 . 4  207 

4 . 4  4 . 4  9 . 4  63 72 4 . 4  6 . 2  196 119 315 
5 . 2  5 . 1  2 . 0  107 109 5 . 2  6 . 0  191 175 366 
5 . 8  5 . 4  0 . 0  83 83 5 . 8  5 . 8  193 166 359 
7 . 5  6 . 5  0 . 0  74 74 7 . 5  6 . 2  143 257 400 

78 8 . 3  6 . 6  63 131 194 8 . 3  7 . 7  0 . 0  78 
84 8 . 8  7 . 8  22 94 116 8 . 8  8 . 0  0 . 0  84 

9 . 6  8 . 2  0 . 0  64 64 9 . 6  8 . 2  26 41 67 

a Values are milligrams of N extracted per culture. 

lnitial Final Initial Final 
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2 0  40 6 0  80 
TIME. D A l S  

Figure 5. 
repeated leaching with tap woter 

375 mg. of N odded from powdered MgNH4P04.H20 in- 
corporated in 4; curve 2: 375 mg. of N odded from coorie granules of 
MgNH,POb.WO incorporated in mil; curve 3: 3 7 5  mg. of N o d d e d  
from powdered MgNH,P04.Hp0 odded to soil wrfoce; curve 4: 375 mg. 
of N added from coarse granules of MgNHIPOd.H~O odded tosoil wrfoce; 
curve 5: no fertilizer added 

Cumulative removal of N from soil columns by 

Curve 1: 

Figure 6. 
7 (left to right) of the poinsettia study (Table Ill) 

Typical plants produced on treatments 1, 2, and 

Essentially all of the N was recovered 
as NO3 in the leachate, except where 
powdered MgNHaPOe. H,O was in- 
corporated. In this case, when nitrogen 
recoveries in the leachate were large 
during the first 30 days, only about Z0%, 
on the average, of the N recovered was 
in the N H n  form. This, perhaps, should 
not be surprising since NO1 would be 
much more mobile then N H I  in the sail 
column. Where large granules wer: 
incorporated 6% of the nitrogen was 
recovered as NHa during the first 30 days. 
After this date or with the other treat- 
ments only traces of NHa were recovered. 

The  data in Figure 5 are interesting on 
several counts. The  steady and pro- 
longed supply of nitrogen becoming 
available from surface applications of 
powder or granules or incorporations of 
granules (curves 2, 3, and 4) is im- 
pressive. The data clearly point up the 
utility of this type of fertilizer under 
conditions where a prolonged, steady 
supply of fertilizer is desired, or where 
leaching losses of soluble fertilizers would 
be great. By extrapolation, surface ap- 
plications of large granules might b: 
expected to yield nitrogen a t  reasonably 
steady rates for about a year under the 
conditions of this experiment. The  data 
also clearly illustrate that while particle 
size does have an effect on the rate of 
availability, the relationship is far from 
being proportional to the surface area 
involved. The  large granules when 
incorporated yielded nitrogen a t  about 
'/a to the rate of the powder, al- 

though the surface area of the powdered 
fertilizer was presumably several hundred 
times greater than the large granules. 
Finally, surface application as con- 
trasted to incorporation in the soil is an 
effective means of extending the period of 
supply of nitrogen from MgNHIPO4.- 
H,O. Surface application of either 
powdered or granular fertilizer extends 
the period of supply to several times as 
long as when mixed into the soil. Sur- 
face applications of coated fertilizers 
also greatly extend their period of 
availability (6, 7). 

After about 40 days the columns in 
which powdered MgNHaPOa , HzO had 
been mixed yielded nitrogen at about 
the same rate as the nonfertilized column. 
At this time, ahout 95% of the added 
nitrogen had been recovered after 
corrections weremade for the original sail 
nitrogen released during this time. 

Applications of Metal Ammonium 
Phosphates to the Production of 
Patted Flower Crops. Tables I1 and 
111 also summarize the results for the 
studies with potted chrysanthemums and 
poinsettias, respectively. 

CHRYSANTHEMUMS, Treatment 1, 
Table 11, which received nutrient solu- 
tion three times per week, produced 
excellent quality plants, as had been 
anticipated. One gram of nitrogen per 
pat was inadequate, while 8 grams was 
excessive. A comparison of the results 
obtained with medium, powdered, or 
coarse granules of MgNHIPOn.H20 a t  
suboptimum rates (compare treatments 

3, 8, and 9) of application shows ap- 
proximately comparable response. Re- 
sults of the three particle sizes were the 
same when compared a t  the rate of 3 
grams of N per pot. This shows that 
effect of particle size on the availability 
of nitrogen from MgNHIPOh.HzO is 
not really large, when incorporated in 
sail, and generally substantiates ob- 
servations made in the laboratory 
studies. At 4 weeks, the plants on 
treatment 8 were about 5 to 20% larger 
than those of treatments 3 or 9, in- 
dicating some increased availability of 
the powdered as compared to the gran- 
ular fertilizer. 

Comparison of treatments 9 and 10 
shows that surface placement of the 
fertilizer, as compared to incorporation, 
considerably reduces the availability, as 
would have been expected from the 
laboratory studies. Differences of about 
15% in the size of the plants on these two 
treatments were observed a t  the end of 4 
weeks. 

Development of a very slight to slight 
interveinal chlorosis on Some leaves was 
observed after about 4 weeks on treat- 
men t s2 ,3 ,4 ,6 ,7 ,8 ,9 ,  11, and 12. Treat- 
ment 14 was moderately chlorotic, pos- 
sibly because of the high level of Mn  
present. The  chlorosis was corrected by 
the application of 5 p . p m .  Fe as 
FeEDDHA twice in the irrigation water. 

POINSETTIAS. The  time required for 
the production of a crop of poinsettias is 
about one month longer than for most 
varieties of chrysanthemums. Leaf ab- 
scission takes place quite readily if 
nitrogen levels become low and growth is 
easily retarded by excessive levels of 
fertilizer. Consequently, it is more 
difficult to produce a crop of poinsettias 
successfully from a single application of 
fertilizer than is the case with c h r w  
anthemums. 

Since particle size of the fertilizer had 
relatively little effect in the study with 
chrysanthemums, only one particle size- 
i.e., medium granules-was used in this 
study. Comparisons were made with 
rates and application methods. The  
liquid fertilizer programs produced poor 
plants because of considerable leaf drop 
which occurred presumably because of 
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inadequate nitrogen supply a t  some 
period in groivth. Treatment 2, Table 
111, in which the liquid fertilizer pro- 
gram was supplemented with 1 gram of 
N from MgYHiP04 " 2 0  incorporated 
in the mix produced excellent results. 
The results again substantiate the fact 
that surface applications are more 
slowly available and longer lasting than 
comparable applications incorporated 
in the soil. Figure 6 shows the ap- 
pearance of plants produced on treat- 
ments 1. 2. and 7. 
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Tenderness was determined for 206 pork loins from barrows, gilts, and sows 132 to 1 173 
days old and selected according to five degrees for intramuscular fat. Elastin, acid- 
and alkali-insoluble collagen, alkali-soluble collagen, and acid-soluble collagen were 
determined chemically in 20 loins from this group representing all ages but only low 
levels of intramuscular fat. Advancing chronological age was associated with lower panel 
tenderness ratings and higher shear-force values; however, the data failed to explain 
this biochemically. Total quantities of connective tissue did not increase with age, but 
acid-soluble collagen significantly decreased with advancing age. No significant 
relations were found between the connective-tissue fractions and various measures of 
tenderness, suggesting that the physiological age-tenderness relationship may not be a 
reflection of changes in total quantities of connective tissue in pork muscle. 

A L A T A B I L I T Y  characteristics have P long been recognized as important 
yardsticks in determining the acceptance 
of meat products. Of the various 
palatability traits, tenderness has re- 
ceived much of the researcher's atten- 
tion, and the frequency of tough, che\vy 
products undoubtedly accentuates a 
need for improvement. One  approach 
to the problem has involved the study of 
connective tissue. The possibility exists 
that biochemical alterations in the 
connective tissue may explain at least 
part  of the variation in tenderness of 
pork products. 

Ramsbottom, Strandine. and Koonz 
(76). Mitchell. Hamilton. and Hainer 
( 7 1 ) .  and Bate-Smith (2) have demon- 
strated large variations in the amount of 
connective tissue among several ana- 
tomical regions of the beef carcass, and 
have shoivn the quantity of connective 
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tissue to be inversely related to tender- 
ness. Bate-Smith (2) indicated that, as 
an animal grew older. the proportion of 
connective tissue in total body protein 
decreased. .4n increase in collagen con- 
centration soon after birth was followed 
by a decrease Lvith advancing age. 
Moran and Smith (72) nevertheless 
indicated that the degree of meat tender- 
ness was a function of the amount and 
character of the connective tissue. 
Research by IVilson ( 7 9 )  has partially 
refuted such claims. because muscle from 
young veal calves possessed significantly 
higher amounts of connective tissue than 
comparable muscle from steers or aged 

In  cooking experiments. Cover and 
Hostetler (5) found that the collagen 
content of two muscles of differing 
anatomical location was not related to 
tenderness and that the moisture in 
moist-heat cookery \vas required pri- 
marily to obtain high temperatures and 
not necessarily to convert collagen into 
gelatin. 

Although the characterization of con- 

co\vs. 

nective tissue is some\vhat incomplete, 
Briscoe and Loring (1). Elden, Koble. 
and Boucek. (6): and Kao, Boucek. and 
Noble (9) have made major contribu- 
tions in medically oriented research on 
the role of connective tissue in age- 
related metabolic diseases. .\ number 
of soluble and insoluble connective- 
rissue fractions have been demonstrated 
and measured quantitatively by Jackson 
(8). According to Orekhovich and 
Mazurov (73) and Pierce and Hocott 
(7-1). the more insoluble fractions, such 
as "elastin" and alkali-insoluble "col- 
lagen." increase \vith advancing age. 
Hov ever. little evidence exists that such 
changes are associated xvith differences in 
meat tenderness. 

'This investigation \$-as made to study 
the relation of chronological age to 
measures of tenderness for the longis- 
simus muscle and. secondly, to 
determine quantitatively two insoluble 
and tivo soluble fractions of connective 
tissue from slvine of various ages and to 
compare changes in these fractions with 
variations in tendernetr. 
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