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TkIE E1'TECT OF CALCIUM, NiOGEN, AND PliO$PkiORU$ 
IN iiruru FERTILIZATION OF AN 

OREGON COASTAL SOIL 

INTRODUCTION 

Pasture is now recognized as an important agricultural crop, 

and not juat sorne grass on soil where no other crop will grow. 

Tiflamook County, Oregon is an area of intensive dafrying, and to 

produce niilk at a madnuu profit and minimum cost, highly productive 

pastures must be maintained. 

The Tillainook area is ideal for pasture production. The 

climate is cool and moist with a very alight temperature change 

throughout the year. Sprinkler irrigation is required during the 

dry summers even though the annual rainfall is 94.5 inches. Under 

this heavy rainfall grass not only provides forage for dairy cattle, 

but also serves to protect the soil against erosion. 

Major soil groups in Tiilamook County that are usod for agri- 

cultural purposes are of aUuvial origin. The profile differences 

are due to the time of deposit. Soils in this area show the need 

of additional fertilization to produce up to maximum capacity. 

The management of high yielding pasture is a fuU time job 

today. To establish a pasture , proper selection of seed adapted to 

the type of soil is of prime importance. Also important for the 

establishment of pastures, and to properly maintain them is a 

definite , co-ordinated soil fertility program. This fertility pro» 

gram will speed up the establishment and lengthen the life of 
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improved pastures. Unless properly managed they soon revert to 

native grass. 

This study was initiated in an attempt to discover the value 

ot' additions of lin, nitrogen, and phosphorus fertilizers for the 

nprovement of pasture grown i Klatakaniie* silt loam, one of the 

major soil types in the Tilarnook area. 

* Tentativo name used by Soil Conservation Service. 



REV lEVI OF TkIE LIRATURE 

ConBiderable work ha8 been carried on relating to pasture 

fertiizatioA. This work enables one to observe past results and 

improve the experimental design of new work Farmers are demanding 

more information about the necessary fertilizer additions for maxi- 
mum pasture yields. Review of previous work is shown below by 

elements. 

hydrogen is an abundant cation in acid soil . However if an 

excessive amount is present the condition must be corrected for best 

crop production. Soil acidity is a widespread problem and is gener- 

ally expressed in terms of p1 or soil reaction. The pli is influenced 

by several factors (34, pp. 98 - 103) such as oxidizing and reducing 

substances, available salts, moisture conditions, a dryer soil being 

more acid, and by the carbon dioxide concentration of the air lxx the 

soil. The higher this concentration is the lower will be the soil 
pli. Agricultural soils usually range in pli from 5.0 to 8.5, with 

extremes above and below these figures. 

A decrease in the pli of a soil means an increase in the 

amount of hydrogen present. liydrogen ions are very strongly adsorbed 

by the colloidal complex and are the most difficult ions to replace 

(20, pp. 20 - 25). The hydrogen ion concentration of the soil will 

not fluctuate as rapidly as that of the plants. 



is acoomplished by additions of 1iu. The amount of itxae added ta 

raise the pli to neutral or to graw a cextain crop may be expressed 

as the linie requirement (20, pp. 25 27), Most methods employed 

in determining li requirement involve the determination of exchange- 

able hydrogen. In satisfying the lirúe requirement care must be taken 

not to over-lime light textured soi]s (34, pp. 103 - 107). Excessive 

lime wiU bave little effect on heavy textured soil. 

Recent work soils most plants 
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Heslep (16, pp. 67 - 80), wh.o also studied causes of inforti- 

lity in acid soi1, reported the beneficial effects of liming are 

not due to overcoming a Ca deficiency, but to 301110 factor connected 

with the reduction of the hydrogen ion concentration. Further 

studies on acid soils by Schneh1, Peech, and Bradfield (36, pp. U - 
22) revealed that additions of gypsui failed to improve growth, and 

sometimes failed to increase the exchangeable Ca content of the soil. 

A comparison of the depressive effect of Al, H, and n showed that 

Al had the most depressive efreot on the uptake of Ca. Liming the 

soil not only increased the Ca uptake, but improved root growth 

which enables the plant to cover more area and adsorb more calcium 

and other root development 

the antagonistic action of Al, Fe and H. 

Hussel). (34, pp. 473 - 478) reports that ill effects of low 

pli are due to secondary offoct such as low Ca or P and high soluble 

Al and Mn. Crops vary with tolerance to acidity and its accompany- 

ing toxic elements, and are able to tolerate more acidity in cool 

moist climates than hot dry ones. Acidity in pastures results in 

acid tolerant plants crowding out the more desirable species of 

plants Cattle will graze the less acid areas firsts 

Calcium 

Calcium is an essential nutriert in pasture fertiizationa 

lt is usually added in the form of lime This lime addition is a 
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necessary practice not only to rid the soil of toxic elements, but 

also to improve BOU conditions for other desirable plant nutzients. 

Bear and Toth (2, pp. 69 - 74) in working with New Jersey soils 

have found what they call an ideal soil in terms of exchangeable Ca, 

Mg, K, and }. This desirable relationship is: 65% of the exchange 

capacity Ca, 10% Mg, 5% K, and 20% . Additions of lime to the soil 

should not replace all exchangeable i, as this may cause Mn and 

-yijr..j 

- b!!I7E. 
iv, a: 

phosphorus is available when the Ca supply is adequate. Thereasirig 

acidity iU cause even Ca itself along with Mg and K to become less 

available Adding ca1ciuii to tte soil «ill increase the oáleiwn 

content of crops from 15 tó 6 times (3, pp. 297 308) and also 



The type of coUo4 controle to eaìe extent the release of 

Ca. Marshall (26, pp. 57 - 68) found that montmorillcnite held Ga 

muc1 tighter than kaalinite azd the Ca was less highly ionized on 

the ¡noìtmorillonitic øolloid especially between 30 and 70 percent 

of saturation capacityo ßlgabaly and Wiklar4er (12 , pp. 1+19 421i) 

have shon clay minerals with high exchange capacity end big ionic 

activity, released their monovalent ions to plants aore ree1ily 

capacity clay minerals. 

Al is usually present as an exchangeable ion in greater 

quantities than Fe (28, pp. 361 - 374). Amorphous Al and Fe 

oxides have considerable influence on the anion exchange capacity 

The movement of Ga in the soil especinl1r In pasture produca 

tion where lisie is applied to the sufacs as a top dressing is of 

utmost importance . Vorking lime into the plowed layer will give 

the best results. iowever this is not always possible and many 

pa8tures have been successfully Ied by top dressings, Nelson 

(30, pp. I43 146) applied lime to the surface of permanent 





effective in raising the pff. Grinding calcitic and dolomitic lime- 

stones fifle enough proved these equivalent to the hydrates. They 

concluded merely satisfying the lime requirement was as effective in 

promoting growth as adding applications two and four times the lime 

requirement. 

Phosphorus is an essential nutrient for pasture production 

functioning in both forage and livestock requirements . The avail- 

ability of phosphorus in acid soils may be a limiting factor unless 

proper soil amendments are added to prevent ita tying up with Fe 

and Al Calcium serves the function of holding phosphorus in a 

more available form. E'xces&ive amounts of calcium however will 

precipitate phosphates out of solution (4, pp. 29 - 38) Calcium 

carbonate has the least precipitating effect of all forms of Ca. 

Jordan (19, pp. 305- 314) found the uptake of P by plants 

was greater in early growth from bend applications than from sur- 

face applications, but in later growth both types of application 

gave the same results. The moisture content of the soil controls 

the uptake of P to some extent and aids in downward movement of P. 

Wetting aiìd drying will speed up P fixation (29, pp. 788 - 7%). 

The movement of P in the soil as found by 3tephenson and Chap.. 

man (37, pp. 759 - 770) was greater in light textured soils. There 

was very little movement in heavy textured soils regardless of the 



amount of P a.pplied. The addition of lime to pastures increased the 

penetration of P considerably over adding just P alone (25, pp. 395 - 

363). 

Nitrogen 

Nitrogen is an essential plant nutrient and usually the most 

limiting one It may be taken up in the NR form, but usually is 

taken up in the NO3 forn (34, pp. 30 - 36). Nitrate nitrogen is 

not held on the exchange complex, and is readily leached from the 

soil. Blazer and stokes (5, pp. 1 - 31) fertilizing grass with 

) 

nitrogen obtained the best response from the spring application. 

Additions of lime and P with N increased the efficiency of the N. 

Plants treated with N alone contained less Ca, P, and K than where 

the other elements were added with N. 

Nitrogen losses occur by volatilization of ammonia when the 

pli of the soil exceeds 7.0 (27, pp. 25 - 34). Lpplying the N just 

below the surface of the soil will prevent much of this loss. 

Organic forms of N are more stable. Other N losses ay occur under 

anaerobio conditions (18, pp. 193 - 196) probably due to denitrify 

ing bacteria. This is a rapid loss and sometimes amounts to 80 

percent of the N added in the nitrate form. liltrous acid formed in 

breaking down nitrates is not stable in acid soils and cannot 

accumulate there. 
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METhODS OF ANALXSIS 

Actual procedures for analysis are not described, however 

the source of the procedure is cited. Variations from the procedures 

as described by the authors are discw3sed below. 

De termination Procedure 

Exchange capacity (32, pp. 197 201) 

pff Glass Electrode 

Exchangeable hydrogen (9, pp. 33 358) 

Exchangeable calcium (40, pp. 103 104) and 

(3e, pp. 439 446) 

Exchangeable magnesium (24, pp. 32 33) 

Exchangeable potassium (38, pp. 439 446) 

xohangeab1e manganese (32, pp. 346 - 348) 

Iron and aluminum oxides (1, p. 32) 

Total organic matter (42 , pp . 29 - 38) 
MechAn(es). analysis (7, pp. 747 - 751) 

Total nitrogen (32, pp. 200 - 201) 

Moisture equivalent (8, pp. 1 23) 

Fifteen atmosphere percentage (33, pp. 331 - 340) 

Bulk density pomona SOU Sampler 
Acid soluble phosphorus (31, pp. 3 5) 

Minor variations from the above reference methods includes 

a. (38, pp. 439 1+46) Ca and IC were determined directly by 

flame photometer from the ammonium acetate extract without any 

treatment except the addition of lithium, 

b. (9, pp. 353 - 358) Exchangeable hydrogen s determined 

from the actual extract used in the calcium determination thus ne.- 

Ing more soil and a larger volume of ammonium acetate than the pro.- 

scribed method calls for. 
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o. The pli was deterraiined by the glass electrode on the soil 

at saturation capacity. 
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DFCRIPTION OP SOIL 

Kiatekanine silt loam is a deep well drained uniform soil. 

The topsoil is 18 to 30 inches deep, black in color, high in 

organic matter and of a fine granular structure. The subsoil is a 

yellow-brown color, more compacted and heavier in texiure than the 

surface soil. This soil occupied a terrace position and was origi.. 

nally water deposited. 

Physical Properties 

The physical properties listed below re determined on a 

bulk sample of the topsoil. 

a. Total organic matter is 13.30%. 

b. Mechanical analysis shows silt loam s 

Sand 24.7% Silt 54.5% Clay 2O.8p 

o. Total nitrogen by the Kjeldahl method 0.506% 

a. The moisture equivalent is 42,5%. 

e. The fifteen atmosphere percentage is 27.9%. 

f. The bulk density is 0-6 inch .308, 6-12 inch s 

R*1? 

The chemical properties listed below re also determined on 

a bulk sample of the topsoil. 



a. pH is 4.95. 

b. Exohangoable hydrogen is 23.2 m.e./i0O Èçms. soil. 

o. Exchangeable calcium is 3.53 m.e./l00 gma. soil. 

d. Exchangeable magnesium is 1.11 m.e./l00 gma. soil. 

e. Exchangeable potassium is 0.64 m.e./l00 gins. soil. 

f. Exchangeable manganese is 0.09 m.e./100 gma. soil, 

g. Exchangeable iron and alumlnum is 320 mg. 

Fe203 - £L203/l0O gins, soil. 

h. Cation exchange capacity is 42.16 m.e./l00 gma. of 

soil. 

i. Acid soluble phosphorus is 5 .P.W. 

The determination of Al and Fe separately was 

however to evaluate g. above in terms of m.e the following posai- 

bilities are sho,n below. 

a. 320 mg. as all Fe203 .. 12.04 m.e. Pa/lOO gins. soil. 

b. 320 mg. as all A1203 .. 19.22 m.e. Al/lOO s. soil. 

C. 160 mg. as Â1203 ...... 9.61 m.e. Al/lOO gma. soil. 

d. 160 mg. as Fe203 ...... 6,02 m.e. Fe/loe gma. soil. 

In all probability the sum of e. and d. will more neariy 

approach the actual number of m.e. of Fe and Al present. 
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Field Tria1 

Field trials were established arch 31, 1951 on Klatskanine 

silt beni soil approximately four iiloa south and cast of TiUamook, 

Oregon at the junction of the Airbase and &ickyard roads. Jn old 

permanent pasture site was selected containi.ng Timothy, Orchard 

grass, Juno grass and a very small percentage of white clover. 

Forty-eight plots, twelve treatnts, and four replications n the 

form of a randomized block were set up Each plot was 6 20 feet. 

Fertilizers applied were z 

Fertilizer Applied Rate/Ac. 

Lime 4T 
N 50 lbs. 

P25 100 lbs, 

Material 

CaCOs 

Urea 
Treble superphosphate 

Treatment combinations are: 1. check 2. L 3. N 4. 2W 5. 

o. L*N 7. J-2N 8. L.PO5 9, '25 10. 2N-P205 U. L-N-P205 

12. L.2N-P2O5, 

All fertilizers were surface applied . The pasture was 

harvested in the form of hay June 7, 1951. e sample from each plot 

of approximately 3 square feet was cut and oven dried before weigh- 

ing. This sampled area was then accurately measured. The soil was 

sampled October 6, 1951, and May 3, 1952. Plots containing 1ir 

were sampled in 2 inch increments down to 6 inches depth and then a 
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6 to 12 inch sample taken. Plots not receiving linie were sampled O 

to 6 inches and 6 to 12 inches. These samples wore analyzed for pH, 

exchangeable H and exchangeable Ca. 

Ryograss 

Lime and nitrogen trials were established in the greenhouse 

in 2 gallon pots containing 6300 graina of dry soil. Thirty-six 

pots were used with nine t'eatments and four replications. All 

greenhouse pots were rotated each week on the bench, exposing each 

pot to aU conditions about the bench. Fertilizers were added as 

follows: 

Tre ataent Rate/Ac. Material 

1. check 
2. N 50 lbs. NUNO 
3. N 100 lbs. NH4NO3 
4. N 200 lbs. NH4NO 
5. 

6. 
N 
N 

400 lbs. U,NO 
loo lbs. 

7. L i Ton CaCO 
sí L 2 Tons CaCOs 
9. L 4 Tons CaCO 

The first one-half of the nitrogen was incorporated into 

the soil at the time of planting and the second one-half added in 

solution at approximately halfway between the time of' seeding and 

harvest. Common ryegrass was seeded with sufficient seed added to 

enable a final selection of twenty plants. The grass was harvested 



1? 

as hay, oven dried, weighed, and statitica1].y aa1yzed. The toil 

was sanp1ed at time of harvest and pkl determined ozi each pot, then 

replications were composlted into ne saniple and exchangeable 

hydrogen deteriined. 

After the first crop of ryegrass wac harvested some of the 

treatiaents were altered and a second crop grown. Previouc and new 

treatment for pots are li$ted below. 

Treatment 

1. check 
2. N 

3. N 

4. N 
5. N 

6. N 

7. L 
a. L 
9. L 

Ieatment 

1. check 
2. N 

3. NS 
I,. NL 
5* N-L 

6. N 

7. L 
8. L 
9. L 

First Crop 

Rate/Ac. 

50 1b8. 

loo lbs. 
200 lbs. 
400 lbs. 
loo lbs. 
I Ton 
2 Tons 

4 Tons 

Second Crop 

Rate/Ao. 

100 lbs. 
loo lbs.-200 lbs. 
loo lbs.- 4 Tons 
200 lbs.- 4 Tons 

loo lbs. 
I Ton 
2 Tons 

4 Tons 

I1aterial 

a- 

NH, NO3 
N11NO 
NH1 NO 
N(JNO 

( NtL)so4 
CaCO3 
CaCO 
CaCO 

n 
NH4NO3 

NH4NO3aGypswn 
NH NO Ca(OH)2 
NHNO - 

(N:1 )so 
CaC3 
CaQO 
CaCO3 



Nitrogxi was added in solution one-half portion at the start 

of growth and the second half added at approximately the half way 

point between the start of growth and the harvest. Gypsum and 

Ca(Oii)2 added inaispensiaiat the start of' the new growth. Line 

carbonate was not reapplied. The grass was harvested.as hay, oven 

dried, nd statistically analyzed. A soil sample was taken from eath 

pot and its pH determined. From the soil pli and graphs showing the 

pii*.exchangeable H relationship the exchangeable N was determined. 

(Figure 5.) 

Clover 

The response phosphoriis in field probably 

due to the small amount of clover in the stand. In order to study 

the effect of lime and phosphate on clover, 24 ono gallon pots coni. 

taming 2814 grams of dry soil were used. ix treatments and four 

replications were set up as follows: 

Treatment Rate/Ac. 

1. check - 
2. L iTon 
3e L 2Ton 
4, P205 100 Iba. 
5.L-P205 iTon-lOOlba, 
6. L - 1'205 2 Tons WOE lbs. 

Source 

CaCO3 
CaCO3 

Theble Superphosphate 
CaCO3- Tre bio Superphosphate 
OaCO3.-Treble Superphosphate 

These terials were mixed before seeding with the entire amount of 

soi]. in the pots. Crimson clover was seeded and 5 plants pee pot 



This experiment was established in au attempt to determine 

the percent saturation of Ca desirable on the soil complex. Fifteen 

small pots were filled with 421 grams of dry soil. Five treatments 

end three replications were used. A blanket application of N, 150 

pounds er acre as N114NO3; 2°5, 200 pounds as KH2PO4; and K20, 

332 pounds as Kff2PO4 was added to all treatments. Varying rates of 

Ca(0I)2 were applied in the following manners 

reatent Material Rate Ga003 
of xchange Capacity* quivaient 

l_, cek -- 
2. ca Ca(OH)2 19.3% 4 tous 
3. Ca Ca(OH)2 42.7% 9.23 Tons 

4, Ca Ca(01i)2 70 % 34,7 Tons 
5, Ca Ca(OkI)2 100 % 21.4 Toua 

*Exchange capacity is 42.16 m,e. 

Ca(OkL)2 was aixd with the entire volume of soil and the 

blanket NPK treatment added in solution. Six beans of the Washington 

Dwarf variety were seeded and thinned to three plants per pot. The 

beans grew eight weeks and were harvested at the bloom stage, oven 



Observing *hat may have been certain deficiency symptoms in 

Fertilizers Rate/M. Material 

i. L 2 Tons Ca003 
2. N 200 lbs, NHNO3 
3. P05 150 lbs. NaK2P01I0 
4, K20 150 lbs. KCL 
5, S 75 lbs. CaSO'2H20 
6. B 30 lbs. Na2B4O'l0H2Q 
7. Mg 30 lbs. MgG].2'6H2Q 

Treatment combinations were: 1. øheøk 2. L-N-PKS-B-Mg 

3 L-N-P-K-S-Mg 4. L-N-P-K-B-Mg 5, L-N-P-S-B-Mg 6. L-N-K-S-B-Mg 

7. L-P-K-S-B-1g N-P-K -S-B-big 9. L-N-P-K-S-B. Six sunf lower 

seeds were seeded per pot and thinned to three plants per pot. 
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The surif1ower were harvested at the end of seven weeks, oven dried, 

weighed, and statistically analyzed. 
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Field Trials 

Yield data from field triais are shown in Table i. The rain- 

fall during this trial was below normal therefore results may be 

Table 1. hay Yields from 1951 Field Trials 

Treatment i 

Tons/ào. 

là cheek l93 
2. 4T lime 2.52 
3. lOcP2Q 2.16 
4. 5ON 3.70 
5. 1OcN 3.78 
6. 4T110P2O5 1.78 
7. 4TLi.50#N 3.24. 

8. 6TL.1O'#N 4.06 
9. 4TL.10cN..10O#P20 3075 
10. 45cWN..10P05 4.19 
u. so#N-1oo#po 1.93 
12. 100100,tP20 

LSD at the .05 level .87 
AU weights oven dry. 

Replications 
2 3 4 ve. 

Tons/Ac. Tons/Ac. Tons/Ac. Tons/Ac. 

2.30 1.83 1,70 1.94 
1.19 2.55 2.17 2.10 

1a97 2,41 2.90 2.36 
4.L97 3.13 3.02 3.63 
3.80 4.18 4.23 3.99 
:I..97 3.62 1.88 2.32 
3.11 2.67 3.68 3.18 
44015 4.36 4.30 4,2]. 

3.62 3.59 3.58 :3.64 

3.24 3.48 4.08 3.71+ 

5.01 3.02 3.76 3.42 
3.87 3.84 4.01 3.78 

Treatments 4, 5, 7, 8, 9, lO 3.1v 
and 12 are significant 

over the cheek plot. No treant is significant over the 5C»N 

application. Lne in combination with N gave significant resulta 

over lime alone , and lime plus P in combination with N gave signifi 

cant results over lime and P. alone. Nitrogen plus P also gave 

yields significant over P alone The increase in production from 
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the individual troatnexits of L N, &nd P added together resulted in 

a greater yield than the increased production from the same elements 

in combination with each other. This mey indicate Ui and P have 

a slight depressive effect on N. This i also shown in the lime 

plus N application, but not in the lime and 100W N application. 

The latter shows sorne interaction betveen lime and N. The lack of 

response to lime on a soil this acid may be due to the abnormally low 

rainfall during the 1951 growing season or to the slow movement of 

lime from surface application on an established pasture. 

Increasing the Ca content of the forage does not lwayø re- 

suit :Iii increased yields. However the higher Ca content of the for- 

age Fagan (34, pp. 73 - 75) 

prefer limed to unlimed pastures, and that additions of lime also 

increase the crude protein, P205 , and K content of the forage sane- 

fits of this nature are measurable not in forage yield, but in terms 

of healthy livestock. 

The combination of low rainfall and low percentage of clover 

in the pasture stand may account for lack of response to P. This 

data frani one year's trial indicates that the 50# N application gave 

the best results. Residual effect however may prove different over 

a longer period of time. 

Soil analysis of the field plots are shown in Tables 2 

and 3. 

* 
Wherever the symbol L or the word lime is used, it refers 

to CaCO3. 



T&ble 2. Soil Ax%alysis of Field Saraples Taken October 6, 1951 

Treatment Depth of pii xehangeabl 
Sample H7 Ga 
inches rn.e,* 

1. check O - 6 5.08 20.1 4o2 
2. check 6 - 12 5.02 21.0 2.8 
3. 4 T. Lime O - 2 5.79 7.2 23.0 
4. 4 L Line 2 - 4 5.05 21.0 4.9 
5. 4 T. Lime 4 * 6 5.03 21.0 3.8 
6. 4 T. Lime 6 12 5.01 21.0 3.1 

m.e : mifli-equivalents per 100 grams of soi]. 
tCa determined on the flame photonieter 
/See Figure 1 

Table 3, Soil Analysis of Field Samples Taken Mey 3, 1952. 

Treatment Depth of pH Exchangeab1 
Sample, ii/ Ca 
inches m.e.* m.e. 

1. check O 6 5.11 21.4 4.3 
2 check 6 3.2 5.14 22,8 3.2 
3. 4 T. Lime O - 2 5.60 14.8 14.6 
4. 4 T. Lime 2 - 4 5.19 22.8 51 
5. 4 T, Linie 4 - 6 ,07 22,0 4.4 
6. 4 T. Lime 6 - 12 5.08 23.5 3.2 

*ni.e , : mul1i.equivalents per 100 grains of soil 
Ca determined on the flame photometer 

ASee Figure 1 

Tables 2 and 3 show very little variation in the pli of the 

O - 6 and 6 - 12 inch depth on the check plots s This i8 8150 tU 

of the 2 to 12 inch depths on the lImed plots, and it shows the 

majority of the lime remained on the surface 2 inches There was 

sufficient free CaCO3 in the top 2 inches to cause fizzing when a 

drop of 1101 was applied, This is another reason why lime did not 

significantly increase the yield of hay. 



front the October sampling until the May sampling 76.63 inches 

or rein feU. it eíTect on the uìovemont of Ca is quite visible in 

comparing the May and October results. There was a large decrease in 

the pi and Ca content of the O - 2 inch 1ayex, and en increase in the 

2 4 and 4 # 6 inth layers. One year's rainfall resulted in Changes 

in the Ga content in the first six inches of sail and a considerable 

loss from the soil. The leaching 1os was determined )r túi.ng the 

difference between Ca preBent in the May and October naly8i8 of the 

o 6 inch layer of liiìd soil. 

Octo1x ,*nalysie May Analysis Loss 
31.7 ni.e. 24.1 mee. 7.6 m.e. 

This heavy loss by leaching may help to explain ithy after the 

addition of lizas one year the pH increases slightly, the 

ing year it is down to its original value again. 

The exchangeable H content of the soil increased frotn 

October to May sampling. This ehows that basee are readily lost 

under this high rainfall, 

Greenhouse 

Ryerass 



heavy nitrogen treatiuents was reduced. Results of the first crop 

harvest and soil sampling are in Tables 4 and 5. 

Table 4. Yield of First Crop of Ryegraas 

Replications 
Treatment i 2 3 4 Ave. 

gms.* gme. gras. grns. gma. 

1. cbek 5.3 
2. 5ctNNH4No3 :3.5 

3. 
4. 

lOOJN-NRLNO3 
lOON-(UH4)2$O4 

4.1 
5.]. 

5. 2OOWNNR4NO3 3.3 
6. 4OOiN-Nii4NO3 3.7 
7. 1TL..CaCO3 5.0 
8. 2TL-CaC0 4.9 
9. 4TL-0a003 4.8 

lßD at .05 level . .74 gmsï 
*Oven dry weights 

4.5 42 3.5 6.4 
3.2 3.8 4.0 3.6 
3.5 3.5 4.2 3.8 
4.6 4.5 4.5 4.7 
3.0 4.4 4.1 3.7 
4.7 4.0 3.5 4.0 

4.4 4.5 5.0 4.7 
3.2 4.6 4.9 4,4 
4.8 4.8 4.9 4.8 

Table 5. &il Analysis after First Crop f Ryegraas 

Treatment pli Ebcchangeabe li* 

nl.e. 

1. check 5.20 21.2 
2. 50#N-NULNO3 4.88 24.5 
3. 100#N'N4NO3 4.95 24.0 
h.. 10N-(NH4)23O4 4.98 24.0 
5. 200NNH4NO3 4.58 26.7 / 
6. 400N-Nli4NO3 4.40 30.0 / 
7 e 1TL-CaC0 5 .40 19.0 
8. 2TL-CaCO 5.38 19.2 
9. 4TL-Ca003 5,55 17.3 , *cgable H determined from Figure 5. 

I Values from extrapolation 
t 

ni's = milli-equivalenta per 100 grams of soil 
oi1 sampled at time of harvest 



Data from the first crop of i'yegrass are negative . No treat.. 

ment is significant over the check. All addition8 of nitrogen 

lower the pH ot the soil. The low pli values probably are a contrit 

buting factor to the laek of N response. There is e. poesibility that 

the low pf values are due to the accumulation of the acidic radical 

accompanying N rertiization. Under field conditions so leaching 

would take place and this did not happen in the greenhouse. Change s 

in pff are accompanied by changea in exchangeable hydrogen content, 

The high check yield may be due to rapid nitrification in the 



Replications 

Treathent i 2 3 
mß,* gmß. gma. gma . gl8. 

1. c1ck 3.0 3.0 2,2 3.6 3.0 
2. 10QN-Nk4NO3 4.1 4.0 4.1 4.3 4.1 

3. 100N-NH4NO3; 2OfS-'Qypsuzn 6.1 6.0 .8 8.2 6.5 

4. 10N-(xti4)2304 7.7 8.6 5.7 7.0 7.3 

5. 10N-NH4NO3; 4TL-Ca(OH) 5.2 7.6 7.0 5.5 6.3 

6. 200#N-NR4NO3; 4TL-Ca(0ff)2 4.9 5.8 8.4 4.9 6.0 

7. 1TL-Ca003 2,7 2.0 2.3 2.2 2.3 

E. 2TL-QaCO3 2,3 2.6 2.8 2.1 2.5 

9. 3TL-CaC0 2.7 2.6 3.2 3.9 3.3. 

LD .05 level * 1.3 
dry weights 

Table 7. Soil na1yis after Second Crop of Ryegrass 

Treatnent pH Jxebangeab1e 11* 

rn.e. j' 

1. check 5.4 19.0 

2. 3D0i#NiNii4N0 533 19.8 

3. ioc N-NH4NO3; 20-Gypourn 5.19 21.8 

4' l01.N-(NU4)23OL 5.14 22.8 

5, 10c'N-Na4NO3; 4TL-Ca(OEi)2 5.91 3.2.2 

6. 200#N-Nli4N0; 4TL-Ca(Oli)2 5.73 15.4 
7. ITL-Ca003 549 18.0 
8, 2TL-CaC0 5.60 16.5 

9. 3TL-CaCO3 5.75 15.0 *j3.e .11 determined from Figure 5 

7' fll.e. = mil].i-ecpiivalants per 100 grams of soil 

ing period. However the addition of Ca(0U)2 raised the pH froi 4.6 
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and 4.58 to 5.91 and 5.73 respectfuUy. This ph raise was accompa- 

nied by improved growth and yield of grass. The addition of gypsum 

failed to increase the ph, but the primary purpse in adding gypsum 

was to supply soluble sulfate AU ph readings on all treatments 

were higher at the second harvest. Pots hd been loathed some and 

moisture conditions improved during the growth period, This niay 

account for the ph increases where no Ca was added. The CaCO3 

treatments were still increasing the soil ph which reveals the slight 

solubiity, ant residual effects of CaCO3, 

Signifioait differences in yield were obtained. Treatments 

3, 4, 5, and 6 are significant over treatments 1, 2, 7, 8, end 9. 

The only form of N applied alone which gave a significant increase 

was 4)24 It appears that the grass is responding to sulfate. 

In treatment 3 'psum was added for the sulfate effect and it 

increased the yield as much as additions of Ca(OkI)2 but did not 

raise the ph. Treatments 3 and 4 both apparently respond to sul- 

fates. Treatments 5 and 6 have responded to N and Ca(OH)2. Appli- 

cations of N as NH4NO3 gave no significant results while N in combi- 

nation with sulfates or Ca gave significant results. The addition of 

Ca alone as observed in treatments 6, 7, and S did not give signi- 

ficant increases even though the ph was high. However neither N 

plus Ca nor N plus S were significantly different from each other. 
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Yield data end soil analysis are shown in Tables and 9. 

Pictures are shown in Figures 3 and 4. 

Table 8. ie1d of Crimson Clover 

Replioations 
Treatment I 2 3 4 Lys. 

gins.* gifts, gma. gma. 

1. check 1.1.5 1.20 Lb 1.25 l,]i3 

2. 121 1.90 l65 1.95 1.55 1.76 
:3. 2TL 2.95 2.30 2OO 2.05 2h33 
4. 10P2Q5 4.85 3,95 5.70 3.95 4,61 
5, 1TL-100#P205 5.90 5.35 5.90 6.10 5.81 
6. 2TL..100#P205 6.55 5.90 78O 7.10 6.84 

LD at .05 level 075 
*oven dry weights 

Table 9. Soil Analysis o Clover Pots 

Exchangeable 
Treatment p1 H Ca* 

m.e.1' m.e. 

1. check 5.06 21.38 4.07 
2. ÌTL 5.14 22.75 5.33 
3. 2TL 5.32 20.65 7.92 

4. iocP2o 5.18 21.57 :3.95 

5. iTL10cP205 5.13 22.83 5.70 
6. 2TL.1O0P205 5.31 22.29 7.35 

*Deterinined by oxalate ithod 
?' m.e. : milhiequivalents per 100 grams of soil 

Data on clover yields preved very significant. Treatments 

3, 4, 5, and 6 are significant over the check yield. Two tons of 

lime is significant over the check, but is not significant over the 



1Ti application. The P205 treatment is significant over the cheek 

and the ]TL and 2TL tretrnents, The UI plus P205 treatment je sig- 

nificant over treatments 1, 2, 3, and 4. The 2TL plus P2O treatment 

is significant over all other treathenta. The application of L and 

P205 in combination resulted in a dsfinite interaction. The yield 

increased more than the sum of the increases of the individual gaina 

from L and P205. The 2TL treatment gave double the increase that 

the 1TL treatnient did The ITL addition increased the exchangeable 

Ca slightly less than 2 m.e., and the 2Th increased the exchangeable 

Ca approximately 4 m.e. 

These data adicate F is a limiting nutrient for legtmes and 

wtn applied in combination with la significant yields were obtained 

above applying it ne. Calcium alone does not always give signifie' 

cant increases in yield, but is stili esentia1 in clover production. 

Longenecker (22, pp. 71 - 74) found line applied to Crimson clover 

increased the availability of P, and decreased soluble Fe and Al. 

Itoot development was increased tremendously upon lime additions when 

the lime was mixed throughout the rooting zone compared with surface 

application. This brings out an important factor over-loked in li* 

ing soil. The maximum benefit of lime therefore must result from 

proper placement about plant roots. Proper placement will thon assure 

a. more abundant supply of P. 
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The yield oÍ bean plante, analysis of the bean leaves and 

stems, and the soi]. analysis of the bean pots are shown in Tables IO 

Tab1 10. Yield of Bean Plants 

Treatment Replications 

(0LO2 as % i 2 3 AV3. 

exchange cap. grns.* gs gas. gma. 

1. 0 2.5 3.4 2.3 2.? 

2. 193 3.4 4.3 4.0 3.9 

3. 42.7 4.5 4.4 3.8 4.2 

4. 70.0 4.2 4.4 3,7 4.]. 

5. 100.0 4.4 4.3 3.6 4.]. 

I.D at .05 level .82 
*oven dry weights 

The data from Table 10 shows all additions of Ca(Oki)2 a' 

significant yield increases over the check yield. klowever no appli. 

cation of Ca(0I)2 was significant over treatment 2. The 0a(OH) 

added in treatment 2 is equivalent to 4 tons of limo as 0a003. 
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Table U. Soil na1ysis of Bean Pots at Four Weeks 

Treatment pii xchangeab1e 
Ca(OH)2 as H Ga* 
oxcil. cap. m.e. m.e. 

1. 0 4.93 23.60 4.47 
2. 19.3 5.40 18.60 11.46 
3. 42.7 5.85 14.30 18.50 
4. 70.0 6.i3 9.32 28.24 
5. 100.0 6.85 2.20 37.06 

by the oxalate method 
/ See Figure 2 

* milli.sequivalent per 100 gms. soil 

Table 32. Soil Analysis of Bean Pots at Eight Weeks 

Treatment pii Exchangeable 
Ca(OH)2 as S H I Oa* 
exeh. cap. 

1. 0 5.0 23.90 3.71 
2. 19.3 5.35 19.50 9.72 
3. 42.7 5.79 16.40 17.77 
4. 70.0 6.21 10.20 25.97 
5. 100.0 6,69 4.80 34.38 
*De terminad by the oxalate method 

/ See Figure 2 
: miUiequiva1ent per 100 gas, soil 

The soil analyses in Tables U and 12 indicate a rapid 
reaction of (0ii)2 With the soil. The pii and exchangeable Ca 

rnere higher, and the exchangeable H 1over at the fourth week 

sampling than at the eighth week sampling. The relationship of pii 

to exchangeable H and Ca is sho' in Figure 5. This is a straight 
line relationship. 
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Table 13. Calcium Conteiit of' Bean Leaves 

Treatment Replications 
Ca(OH)2 as % 1 2 3 Ave. 
exoh. cap. m.e.* m.o. m.e. m.e. 

1. 0 54.0 50.0 60.0 54.7 
2, 19.3 91.0 85.0 92.5 89.5 
3. 42.7 96.0 3.23.0 100.5 106.5 
4. 70.0 155,0 l3.0 147.5 144.8 
5. 100.0 152,5 149.0 115,0 138.8 
LD at .05 level is 2j 
Ca by fiwne photoine ter 
*m.e. milli..sequivalent per 100 guis. oven dried plant 
material. 

The adsorption of Ca by the bean leaves shows that from all 

additions of Ca(0i)2, Ca was taken up in significant amounts over 

the check. Treatment 3 is not ignifieant over 2. However treat.- 

menta 4 and 5 are significant over I , 2 , and 3 , but treatment 5 is 

not significant over 4 This shows that Ca uptake increases up to 

the 61a6% of saturation capacity. The Ca saturation ercentage was 

determined from the in.e of exchangeable Ca in Table 12. 

Table 14. Calcium Content of Bean Steins 

Treatment Replications 
Ca(0i)2 as 3. 2 3 Ave. 
excha cap. m.e.* m.e. m.O. lit.0. 

1. 0 16.0 9.0 11.0 12.0 
2. 19.3 29.0 41.0 27.5 2.5 
3. 42.7 51.0 46.0 46.0 47.7 
4. 70.0 49.0 52.5 50.0 50.5 
5. 100.0 47.5 67.0 55.5 56.7 
LSD at .05 level is 11.0 
Ca by flame photometer 

*m.e iilhi.-equiva1ent per 100 gma oven dried plant material. 



Adsorption of Ca by the bean stems showa all sdditionß of 

Ca(Oli)2 iucressed the Ca uptake significantly over the check pot. 

Treatments 3, 4, &d 5 are significant over treatment 2. klowever 

treatments 4 and 5 are not significant over treatment 3 This shows 

that the Ca uptake increased with each additional treatmezt up to 

42.1% Ca satumtion of the coil eompiex. Calciwu uptake data ShOW 

that bean stems are not as sensitive as beax leaves to the obanges 

:In the peroezit of Ca saturation of the coUeid. The smaller content 

of Ca n the etoms may be the reason for this. 

The addition of more than the amount equivalent to 

4 tone CaCO3 or 23.1% Ca saturation failed to increase the plant 

yield. aowever, larger additions increased the Ga content of the 

bean leaea and stems. 

Table 15. Percent Ca Saturation Added and Attained 

ateria1 Ca Saturation Ca Saturation Attained CaGO3 
Added 4th wk. 8th wk. quiva1ent 

s % % Tons/Ac. 

1. Ca(O}L)2 o 10.6 8.8 0 
2. Ca(OH)2 19.3 27.2 23.1 4 
3. Ca(c*i)2 42,7 439 42.1 9.23 

4. Ca(Ok1) 70.0 67.0 61.6 14.70 
5. Ga(0il)2 100.0 87.9 81.5 21.40 

The results froa attempting to saturate the colloi4al complex 

with Ca are shown in Table 15. The Ca saturation percentage attained 

was a bigi proportion of the theoretical percent saturation based on 



the amounts added. This proportion decreased slightly as the rates 

increased but remained in the vicinity of 80 percent. 

Sunflowers 

In previous trials certain unknown leaf symptoms appeared, 

which were not associated with the elements studied. Sunflowers 

were seeded to obtain an indication of what additional elements 

may be limiting. The sunflowers tend to reflect supporting evi- 

deuce for the other eq rimeutal data. Yields of sunflowers are 

shown in Table 16. 

Table 16. Sunflower Yields 

Replications 
Treatment I 2 Ave. 

gmß.* gins. gma. 

1. check 1.0 1.1 1.05 
2. L-N-P-K-8'-.ßø.Mg 1.4 1.4 1,40 
3. L-N-P-X-S-Mg 1.6 1.7 1.65 
4. L-N-P-K-B-Mg 1.6 1.5 1.55 
5. L-N-P-S-B-Mg 1.9 2.1 2.00 
6. L-N-K-S-BMg .8 1.0 0.90 
7. Ii.P-K-8-B4Ag 2.2 2.4 2.30 
8. N-P-K-S-BMg 1.1 1.1 1.10 
90 LNPKS.iB 1.7 1.5 1.60 
LSD at .05 level g .23 
*oveyj dry weights. 

Data from sunflowers show treatments 2, 3, 4, 5, 7, and 9 

are significant over the check pots. Theatnte containing no P or 

L are not. The treatments having no P or L are significantly less 

than the treatment with al). elements added Treatment 7 with no N 
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added gav"e the highest yield thich is in accord with the &ta from 

the ryeass pot3, roth experiments thowed no reponae to N on the 

first crop in the greenhouse . The 8urflower data indic&te that if 

an element is present in sufficient quantity, adding more of the 

saine e1eirnt may result in decreased yields. This oeaurred in the 

case of N for both ryegrass nd sunflower experiments This test 

showed there were no additional liiiting £zilements of any consequence 

other than L and P Zizic and manganese were not applied ae the 

symptoms observed in the trials which prompted this study were not 

associated with known Zn or ?n deficiency symptoms. 
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FIGURE 3 CLOVER EXPERIMENTAL POTS 
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FIGURE 4 COMPARISON 0F CLOVER YIELDS 





S1J!1MARY MD CONCLUION$ 

The effect of calcium, nitrogen, and phosphorus on an Oregon 

Coastal soU wa studied. A randomized bloøk experiment was es tab- 

lished on an established pasture in the field0 The greenhouse work 

consisted of fertilizer trials on ryegrass, clover, beans and sun- 

flowers. 

Nitrogen at 50 lbs. gave the best response on the field 

trials, Liiue end phosphorus failed to show good results probably 

due to the lack of clover in the pasture The lias and phosphorus 

were surface applied, and were followed 1 an abnormally ).ow spring 

rainfali. 

In the greorthouse nitrogen applications did not respond well 

as the climate was changed. This soil having a high orgio matter 

content and high tota]. nitrogen content released nitrogen rapidly 

enough for plant growth in the greenhouse However , ammonium nitrate 

combined with calcium gave an interaction between oaloium and nitro- 

gen resulting in increased yields . The addition of ammonium sulfate 

also gave increased yields. 

Clover responded weil to lxth phosphorus and calcium alone 

and in combination. The best clover production resulted fz'oa a ccnu- 

bination of the two. 

This soil is low iii exchangeable caliu!n and responds ta 

additions of calcium. These additions increased the exchangeable 
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