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Learn to Interpret 
Your Soil Test Results 
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Soil samples sent in for analysis are tested for pH, "available" phosphorus, 
potassium, calcium and magnesium. A test for salinity or conductivity will also 
be made upon request. The results are recorded on Cooperative Extension 
Service Form 313, "Soil Test Report" (see Figure 1). 

Recommendations for lime and fertilizer given on Form 313 are based upon 
the results of the soil test. 

Meaning of Soil Tests 
The pH Test 

The pH test is reported as a numeri
cal value which indicates the degree 
of acidity or alkalinity (sometimes re
ferred to as the sourness or sweet
ness) of the soil. The most desirable 
(optimum) pH depends upon the spe
cific crop to be grown. Each plant has 
a pH range in which it will grow; 
however, best growth is made at the 
optimum pH level. Table 1 gives the 
optimum pH range for many plants 
grown in Hawaii. When the pH is 
unfavorable for the best plant growth, 
it may be adjusted or changed by the 
use of soil amendments such as lime 
or sulphur. 

When the pH is below 4.0 the soil 
is very strongly acid, 4.0 to 4.9 is 

strongly acid, 5.0 to 5.9 moderately 
acid, 6.0 to 6.9 slightly acid; pH 7.0 is 
neutral; 7.1 to 7.5 is slightly alkaline, 
7.6 to 8.0 moderately alkaline, and 
above 8.0 is strongly alkaline. 

The pH is a guide to the need for 
the secondary and trace elements 
in plant nutrition. High pH, above 
7.0, indicates that iron, zinc, cop
per, manganese, and boron may be 
deficient in the soil. Low pH, be
low 5.0, indicates that molybdenum 
may be deficient, but the iron, zinc, 
copper, manganese, and boron may 
become toxic at low pH levels. The 
pH test is one of the most important 
soil tests made for Hawaiian soils. 
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Lab No. Grower Phone No. Sample No. 

Address 

Soil Series Sample Source 

County Agent 

Crop I Soil Test Results pH IAcid I Neutral IAlkaline 

Fertility Very Low Low Moderata High Excessive Fertility Very Low Low Moderat1 High Excessive 

Phosphorus(Pl lbs./Ac. Calcium(Ca) lbs./Ac . 

Potassium (K ) Magnes ium(Mg) 

. li----c----~---S_a~fe~fo_,P_l•~nt_s_ _ ~ ---~----
Salinity_ _ millimohs/ cm I All I Semitive I Semitolerant I Tolerant I Very Few 

Lime Recommendations I Lime t!I I is not I needed as an amendment Ias a nutrient 

Apply ground coral at T/ac. .::::o'-======-_::lb:o•./====....::'"c.:· f~l-_:::o'-===C..:c::::u·:..!:Yd:::_. 
or apply hydrated lime at T/ ac . or lbs. SQ. ft . or cu. yd. 

Thoroughly mix lime into upper to inches of soil with harrow, 

plow rotary tiller spading fork apply to surface Mix wlth entire vol. soil 

Fertility recommendation: 

11/68 
Send copies to: Soil Test Report 

Soil Tettin1 Service - Cooperative Extension Service - University of Hawaii & U.5.D.A. Cooperatin1 - F-313 

Figure 1. A sample of the soil test report. 

Available Phosphorus 
Soil phosphorus is extracted with 

0.3N hydrochloric acid extracting solu
tion. It is reported as pounds per acre 
of phosphorus (P). This is a relative 
value of phosphorus availability and 
does not measure the pounds per acre 
of phosphorus actually available to 
plants grown in this soil. The amount 
of phosphorus available will vary 
from year to year depending upon 
such factors as moisture, temperature, 
management practices, etc. 

There is an equilibrium or chemical 
equalizing process between the avail
able and unavailable forms of phos
phorus in the soil. As plants use the 
available form, more of the unavail-

able form becomes available. The ac
tual amount available to the plant de
pends upon how effectively the plants 
can absorb the phosphorus from the 
soil, how long the plants grow, and 
how strongly phosphorus is held by 
the soil. The soil test value is useful 
because it indicates the amount of 
phosphorus that should be added to 
the soil to meet plant needs. 

The soils of Hawaii have the ability 
to "fix" large quantities of added 
phosphorus. This means that a small 
amount of the applied phosphorus is 
available to plants and the rest is fixed 
by the soil. Large quantities of this 
important plant nutrient must be 
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Table 1. Optimum pH range for some crops grown in Hawaii* 

Crop 

Anthurium 
Banana 
Beans, snap 
Beans, soy 
Cabbage, head 
Cabbage, Oriental 
Cantaloupe 
Carnation 
Celery 
Chrysanthemum 
Citrus 
Clover, kaimi 
Clover, white 
Coconut 
Coffee 
Corn 
Cucumber 
Daikon 
Eggplant 

pH 

5.0 - 6.0 
4.5 - 7.5 
5.5 - 6.5 
5.5 - 7.0 
5.7 - 7.0 
5.5 - 6.5 
6.0- 6.5 
6.0- 6.5 
6.0- 7.0 
6.0 - 6.5 
5.5 - 6.5 
5.5 - 6.5 
5.5 - 7.0 
6.0- 7.5 
4.2 - 5.1 
5.5 - 7.0 
5.5 - 6.5 
5.5 - 6.5 
5.5 - 6.0 

Crop 

Grass, bermuda 
Grass, kikuyu 
Grass, pangola 
Lychee 
Macadamia 
Mango 
Orchid, vanda 
Papaya 
Pepper, sweet 
Pineapple 
Potato, sweet 
Potato, white 
Sugarcane 
Taro 
Tomato 
Trefoil 
Watercress 
Watermelon 

pH 

6.0 - 6.5 
5.5 - 6.5 
5.0- 6.0 
5.5 - 7.5 
5.0- 6.5 
5.5 - 7.5 
4.8 - 5.2 
4.0 - 7.0 
5.5 - 6.5 
4.0- 5.5 
5.0 - 6.0 
4.8 - 6.5 
5.8 - 7.2 
5.5 -6.5 
5.5 - 6.5 
5.5 - 6.0 
6.0- 8.0 
5.0- 5.5 

*These data were taken fro m many so urces. M aj o r sources, however, were Spurway1 C. H. , Soil React ion (pH) Preferences 
of Plants, Michigan Agricultural Experiment Station Special Bullet in 306 (1941); Foster, Z. C. , and Yoshito Matsusaka, Lime Re
quirements of Hawaiian Soils , Hawaii Cooperat ive Extension Service Bullet in 54 (1952). 

added to the soil to meet plant needs. 
The ability of soils to "fix" phosphorus 
depends upon the pH of that soil, the 
kind of minerals present in the soil, 
and the amount and form of phos
phorus added to the soil. 

Soils very low in phosphorus have 
25 pounds per acre or less of extract
able phosphorus. Those with 50 to 75 
pounds per acre are low, 125 to 200 
pounds per acre are medium, and 
those with more than 200 pounds of 
extractable phosphorus have ample 
phosphorus for normal plant growth. 
There is no known excessive level of 
phosphorus for Hawaiian soils at the 
present time. 

Soils that test more than 200 pounds 
per acre will give very little response 
to added phosphorus fertilizers. For 
those soils only minimum application 
is suggested. At low levels of phos
phorus three to four times the mini
mum level is suggested and at very 
low levels three to four times the 
amount of nutrients as removed by 
the plants is recommended. 

The recommendation for phos
phorus is given as both phosphorus 
and phosphate. Phosphorus is the ele
mental form, and phosphate is the 
phosphorus penta-oxide (P205) equiv
alent of phosphorus. In the future the 
recommendation will be given in the 
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elemental form only, as this more 
nearly represents the true amount of 
plant nutrient in the fertilizer. 

Potassium Test 
The potassium test is reported as 

pounds per acre of 0.3N hydrochloric 
acid extractable potassium "available" 
in the soil. This is a relative value of 
available potassium. Potassium is af
fected by chemical equalization to a 
greater degree than phosphorus. It is 
not "fixed" in the soil as tightly or as 
often as phosphorus. Therefore, it 
does not usually become as much of 
a problem as does phosphorus in the 
fertilization program. 

Forty pounds of potassium per acre 
or less is a very low test, 40 to 100 
pounds per acre is low, 160 to 320 
pounds per acre is moderate, 320 to 
640 pounds per acre is ample, and 
more than 640 pounds per acre is ex
cessive. Excessive levels are not neces
sarily harmful to the plant, since many 
plants absorb "luxury" levels of potas
sium without harm to the plant itself. 
Excessive levels, however, are waste
ful; they hurt the pocketbook of the 
farmer. 

The recommendation for potassium 
is given as potassium and potash 
(K20). Potash is the oxide equivalent 
of potassium. In the future the recom
mendation for this plant nutrient will 
be given only in the elemental form, 
which is potassium. 

Soils testing more than 320 pounds 
of potassium per acre show little or 
no response to potassium fertilizers. 
Only minimum levels are recommend
ed. At moderate levels about 11/2 
times the minimum level is recom
mended. At low levels 2 to 21/2 times 
the minimum level is suggested and at 

very low levels 21/2 to 3 times the 
minimum level is suggested. 

Calcium Test 
Calcium tests are reported as 

pounds per acre extracted by the 0.3N 
hydrochloric acid extracting solution. 
The calcium test is used in conjunc
tion with the pH test to determine the 
need for lime. It also indicates the 
need for calcium as a plant nutrient. 

A test showing 500 pounds of cal
cium p·er acre or less is very low, 1,000 
to 2,000 pounds per acre is low, 2,000 
to 3,000 pounds per acre is medium, 
4,000 to 6,000 is ample, and more 
than 6,000 pounds per acre is exces
sive. 

Calcium is generally added to the 
soil when lime is added to change pH. 
It may be added as gypsum, calcium 
nitrate, or as other calcium containing 
materials. These materails do not usu
ally change the pH when added to 
the soil. The fertility recommendations 
include sufficient calcium to meet the 
needs of the plant. 

Magnesium Test 
Magnesium is also reported as 

pounds per acre extracted by the 0.3N 
hydrochloric acid extracting solution. 
A very low test is 250 pounds of mag
nesium per acre or less. A test of 500 
to 750 pounds per acre is low, 750 to 
1,000 is medium, 2,000 pounds per 
acre is ample, and more than 2,000 
pounds per acre is excessive. Magne
sium is generally recommended where 
the crop has shown a definite need 
for this element; otherwise the fer
tility recommendation does not in
clude this plant nutrient. 
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Salinity Test the organic matter in the soil. Liming 
A test for salinity is made when re reduces toxic substances of both or

quested. This test indicates the level ganic and inorganic origin in the soil. 
It also reduces the fixation of availableof soluble salts in the soil as measured 

\. by the conductivity of the soil. It is phosphorus in the soil and maintains 
reported as a numerical value which it in a more readily available form for 
shows the relative conductivity of the plant use. 
soil in units of milliriohs per centi Liming materials adds calcium to 
meter (mmohs/cm). A salinity reading the soil. Some liming materials also 
of O to 2 is safe for most plants. At add magnesium to the soil. These are 
readings of 2 to 4 the most sensitive essential elements for plant growth, 
plants will be adversely affected, at so by liming to maintain the proper 
4 to 10 the moderately sensitive plants pH, adequate amounts of these ele
will be adversely affected, and at read ments may be supplied for crop 
ings above 10 the most tolerant crops needs. 
will be adversely affected. The use of fertilizers on acid soils 

without the use of lime to correct the 
acidity is like running a race with 

Water Tests heavy weights on your ankles. 
The salinity test is made on water Lime, as calcium carbonate (ground 

samples submitted for testing. In ad coral), may be applied any time dur
dition, if requested, a test for hard ing the year when conditions are suit
ness and also for chlorides will be able for spreading. The lime should 
made on the water samples. All water be spread 4 to 6 months before the 
test reports are returned on Coopera crop needing it is to be planted. If 
tive Extension Service Form 315, this is not possible, apply the lime at 
"Water Test Report." least 30 days before planting. The lime 

should be mixed as thoroughly as 
possible with the recommended depth

liming Recommendations of soil. If there is insufficient time to 
The need for lime is determined by lime as suggested above, apply the 

the pH test and by the calcium test. recommended amount of lime as hy
It is necessary to adjust the pH of the drated lime since this material reacts 
soil to within the optimum range for more quickly with the soil and less 
the crop so that as many of the essen time is required for pH to be changed. 
tial plant nutrients as possible are kept Where lime is added to the surface 
in an optimum state of relative avail and not mixed with the soil, a much 
ability. longer time .is required for the pH to 

Liming an acid soil increases the pH change. The effectiveness of the lime 
and has several beneficial effects. One may be increased by harrowing or 
benefit of liming is that it increases tilling the soil to obtain better mixing 
the activity of the microbial popula of the lime with the soil. This is es
tion anJ thereby increases the release pecially true on turf and dense pas
of nitrogen and other elements from ture sod in many parts of Hawaii. 
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Table 2. Characteristics of some nitrogen carriers used in Hawaii 

Nitrogen Other Form of Effect on soil 
content' plant nitrogen CaC03 equiv/100 lbs. 

nutrients' 

o/o o/o 
Ammonium phosphate (mono) 11 Phosphorus 21 Ammonium acid 75 
Ammonium phosphate (D1) 18-21 Phosphorus 20-23 Ammonium acid 65-75 
Ammonium sulphate 21 Sulphur 24 Ammonium (NH4) acid 110 
Ammonium nitrate sulfate 30 Phosphorus .5 Ammonium and acid 68 

Sulphur 6.1 Nitrate (NOa) 
Calcium nitrate 15 Calcium 15 Nitrate alkaline 20 
Chicken manure2 4-5 Phosphorus 1 Water insoluble neutral 

Potassium 0.5 organic 
Cow manure2 1-2 Phosphorus 0.5 Water insoluble neutral 

CX) Potassium 0.2 organic 
Potassium nitrate 14 Potassium 37-38 Nitrate alkaline 26 
Sewage sludge (digested) 2 2-3 Phosphorus 0.5 Water insoluble neutral 

Potassium 0.1 organic 
Sulphur coated urea 26-40 Sulphur 10-40 Water insoluble acid 50-200 

organic 
Tankage, process 7-9 Phosphorus 1 Water insoluble acid 16-23 

organic 
Urea 46 none Water insoluble acid 84 

organic 
Urea formaldehyde 38 none Water insoluble acid 68 

organic 

'Acid requires this number of pounds of calcium ca rbonate to neutralize the effect of 100 pounds of the carrier on the soil pH. Alkaline adds this equivalent of calci um 
carbonate to the soil. Neutral has no effect upon so il pH. 

1Dry basis as available in Hawaii. 
'All materials to be used as fertilizer nitrogen should be purchased on the basis of guaranteed amount of nitrogen in the material. 
'Elemental basis (phosphorus X 2.29 - P,O:,, potassium X 1.2 - K,Q). 



Fertilizer Suggested 
Fertilizers suggested are based upon 

the particular soil sample tested. The 
recommendation is valid only for the 
specified crop on the area represented 
by the soil sample. A range of plant 
nutrient levels is given so that any of 
several fertilizer analyses available in 
your area might be utilized to supply 
the necessary nutrients. Recommen
dations are made on the basis of opti
mum conditions for plant growth and 
are made for the current growth of 
the crop. For permanent pastures the 
recommendations are for one year's 
growth, but the application may be 
repeated each year; however, it is best 
to have the soil retested every 3 to 5 
years to see if a change is needed in 
the fertilizer program. For tree crops, 
the recommendation is also for one 
year and may be repeated for 3 to 5 
years. For other crops the recommen
dation is for the life of that particular 
crop. A more rapid build-up of nutri
ents in the soil for permanent crops 
may be achieved by making a large 
application before the crop is planted 
and then making regular smaller ap
plications to the crop. This method is 
desirable for long-term fertilization 
programs on permanent crops. It sets 
the stage for high yields and for the 
use of labor-saving fertilizer practices. 

Use of Nitrogen 

f 
A test for nitrogen is not made in 

Hawaii. Under conditions found in 
Hawaii, the nitrogen supply in the 
soil varies so greatly, even in relatively

i short periods of time, that the nitro
I gen test is meaningless. Also, nitrogen 

does not accumulate to any great ex
tent in the soil so that it is necessary 
to supply all of the nitrogen needed 

for plant growth. This may be done by 
applying the nitrogen in mixed fer
tilizers, in individual nitrogen carriers, 
or in a combination of the two. Each 
carrier supplies nitrogen in a different 
form and has a different effect upon 
soil conditions. These effects must be 
recognized when using the different 
materials. Table 2 gives the character
istics of some nitrogen carriers used 
in Hawaii. 

Type of Fertilizer to Use 
Recommendations are made for the 

total amount of plant nutrients need
ed. These nutrients may be applied 
as dry fertilizers, liquid fertilizers, or 
fertilizer suspensions. Several kinds or 
types of fertilizers are manufactured 
in these three forms. When equal 
quantities of available plant nutrients 
in any of these forms are applied in 
the soil for the crop, similar results 
should be obtained. 

Placement of Fertilizer 
Fertilizer placement is important 

because fertilizer placed too near the 
seed may cause injury to the germi
nating seed and may also injure or 
"burn" the plants. Fertilizer placed 
too far from the plants is wasted. For 
row crops, fertilizers should be placed 
in a band 2 to 3 inches below seed 
level and 2 to 3 inches to the side of 
the seed. If there is too much fertilizer 
to apply in bands at these distances, 
a part may be applied in bands, and 
the remainder broadcast. Broadcast 
applications should be made on pas
tures, lawns, etc., while band-seeding 
is recommended for establishing 
small-seeded legumes and grasses. 
The seeds are placed 1 inch directly 
above the fertilizer band. 
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Table ~. Average composition of fresh animal manures* 

Kind of Percent Pounds per ton of manure Total Total 
manure water minerals organic

Nitrogen Phosphorus Potassium matter 

lbs/ton lbs/ton 

Chicken 54 34 10 10 332 588 

Dairy cattle 79 10 2 10 38 322 

Fattening cattle 80 15 4 9 45 395 

Hog 75 10 3 8 161 399 

Horse 60 14 2 12 149 386 

'Data taken from Michigan Agricultural Experiment Station Circular Bulletin 231. 

When side dressing for row crops, 
place the fertilizer in bands 3 to 4 
inches from the plants and 2 to 3 
inches deep. Top dressing should 
be broadcast to the surface. 

Aerial application is essentially 
broadcast application of fertilizer ma
terials. It is most efficiently used 
where the regular application equip
ment cannot be used or where very 
large areas must be fertilized in a 
relatively short time. 

Trees may be fertilized by applying 
fertilizer on the surface of the soil and 
working it into the soil. However, the 
best method is to make holes of vary
ing depth within the leaf drip area of 
the tree, apply a portion of the fer
tilizer in each hole, and then cover or 
close the hole. To avoid "burning," 
fertilizer should not be placed closer 
than 1 foot from the base or crown of 
the tree. Holes may be made with a 
soil probe, shovel, trowel, or similar 
tool. The holes may be from 2 to 18 
inches deep and placed in a random 
pattern within the leaf drip area. 

Use of Manure 
When available in sufficient quan

tity, manure is a valuable soil amend
ment and an excellent source of plant 
nutrien.ts. For best results, 8 to 10 tons 
of manure per acre are recommend
ed. The plant nutrient content of 
manure varies according to the animal 
source from which it was · obtained 
and upon how it was stored and han
dled. Generally 50 to 60 percent of 
the nrtrogen, 30 to 40 percent of the 
phosphorus, and 90 to 100 percent of 
the potassium in manure will be avail
able to plants the first 6 months after 
application. Decomposition of the 
manure is usually complete within 6 
months after applications under con
ditions in Hawaii . 

Your soil test recommendations do 
not provide for nutrients supplied by 
manure. If manure is applied you 
should make allowances for the plant 
nutrients contained in the material. 
Table 3 shows average composition 
of manure from different kinds of 
animals. 
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Fertilizer Analysis 
Fertilizers contain guaranteed 

amounts of nitrogen, available phos
phoric acid (P20u), and water soluble 
potash (K20) . The actual amount of 
these plant nutrients present in the 
fertilizer w ill be plus or minus 0.2 per
cent of the amount guaranteed. An 
80-pound bag of 10-20-20 should 
contain 8 pounds of nitrogen, 16 
pounds of P2Q 5 (or 7 pounds of phos
phorus), and 16 pounds of K20 (or 
13.6 pounds of potassum). 

Adjusts Recommendations to 

Your Conditions 
Your soil test recommendation 

deals only with the fertility aspects of 
crop production. Lime and fertilizer 

are not the entire story of high yields. 
Adequate moisture, good moisture 
distribution, good drainage and aera
tion , proper tilth, erosion control, 
weed control, insect and disease con
trol, variety, and amount of sunshine 
are also important. 

Your recommendations are de
signed to supply sufficient nutrients 
for optimum crop yields where the 
conditions just mentioned are ade
quate. Where these factors will per
mit higher yields apply 25 percent 
more fertilizer than recommended; 
however, where any of these factors 
limit yields, reduce the recommended 
amount of fertilizer by about 25 per
cent. 

Follow your recommendations for 
best results. Don' t guess, soil test! 

~ 
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Figure 2. Follow recommendations for best results . 
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