
Soil	Tes)ng	

•  To	monitor	long-term	changes	and	trends	in	
your	soil	

•  To	determine	if	there	are	deficiencies	and/or	
toxici)es	in	the	soil	that	need	to	be	addressed	

•  Full	soil	tests	done	by	laboratories	
§  These	are	generally	complete	analyses	

•  Quick	soil	tests		
§  These	are	specific	tests	to	help	make	decisions	on	
fer)liza)on	–	the	most	common	being	the	soil	
nitrate	test	



Soil	Tes)ng	
•  It	is	important	to	take	a	good	sample	
•  Take	from	mul)ple	loca)ons	
•  Be	aware	of	differences	in	soil	(texture,	etc)	
•  Take	a	representa)ve	sample	from	the	top	
foot	(shovel	slice,	soil	probe,	etc)	

•  Be	careful	to	not	over	represent	soil	from	the	
top	few	inches	as	it	is	higher	in	organic	
maIer	and	fer)lity	

•  Mix	thoroughly	



How	quickly	do	soil	test	values	change?	

BoIom	line:	
§  It	is	a	good	idea	to	do	a	full	fer)lity	test	every	2-3	years,	unless	
amendments	are	used	

§  Rapidly	(within	weeks)	-	NO3-N	
§  Moderately	(within	a	year)	-	pH,	salinity	
§  Slowly	(>	a	year)	-	most	fer)lity	parameters	



Understanding	Soil	Test	Analyses	



  Organic 
matter 

 
Total N 

Estimated 
N release 

 
NH4-N 

 
NO3-N 

 
Phosphorus (PPM) 

Sample ID pH (%) (%) (lb/acre) (PPM) (PPM) Bray Olsen 
Smith Block 7 7.1 1.2 0.06 36 2 3 3 8 
Jones Block 2-N 7.7 0.7 0.04 21 1 8 31 23 
Miller Block 4 6.0 0.8 0.04 24 3 22 54 32 
Ruiz Block 1W 6.8 1.6 0.09 48 1 16 170 114 
	

Sacramento Valley 
 

San Joaquin Valley 
 

Santa Maria Valley 
 

Salinas Valley 

Characteris)cs	of	some	California	soils:	

Sample ID Soil texture 
Smith Block 7 loam 
Jones Block 2-N silty clay loam 
Miller Block 4 sandy loam 
Ruiz Block 1W clay loam 
	



  Organic 
matter 

 
Total N 

Estimated 
N release 

 
NH4-N 

 
NO3-N 

 
Phosphorus (PPM) 

Sample ID pH (%) (%) (lb/acre) (PPM) (PPM) Bray Olsen 
Smith Block 7 7.1 1.2 0.06 36 2 3 3 8 
Jones Block 2-N 7.7 0.7 0.04 21 1 8 31 23 
Miller Block 4 6.0 0.8 0.04 24 3 22 54 32 
Ruiz Block 1W 6.8 1.6 0.09 48 1 16 170 114 
	

Soil	pH:	

	Saturated	paste	extract	
§  Many	vegetable	crops	

grow	well	over	a	range	of	
pH’s	

§  Processing	tomatoes	for	
instance,	do	well	from	6.3	
to	8.0	

§  At	low	pH’s	(<4.5)	too	
much	manganese	
becomes	available	and	
can	be	toxic	

	Manganese	toxicity	



Adjus)ng	Soil	pH	
•  Most	crops	can	handle	a	wide	range	in	soil	
pH’s	

•  Nitrogen	fer)liza)on	tends	to	reduce	soil	pH	
•  Brassica’s	need	soil	pH	>7.3	to	reduce	issues	
with	club	root	

•  If	you	need	to	increase	the	pH,	lime	is	used,	
but	other	materials	such	as	wood	ashes	will	
increase	the	soil	pH	

•  Also,	bicarbonate	in	irriga)on	water	raises	
soil	pH	

•  Elemental	sulfur	is	used	to	lower	soil	pH	



Desired	pH	
change	

Pounds	of	CaCO3	equivalent	per	acre	

in	6”	depth	 sand	 sandy	
	loam	

loam	 silt	
loam	

clay		
loam	

4.0	to	6.5	 2,600	 5,000	 7,000	 8,400	 10,000	
4.5	to	6.5	 2,200	 4,200	 5,800	 7,000	 8,400	
5.0	to	6.5	 1,800	 3,400	 4,600	 5,600	 6,600	
5.5	to	6.5	 1,200	 2,600	 3,400	 4,000	 4,600	
6.0	to	6.5	 600	 1,400	 1,800	 2,200	 2,400	

Raising	soil	pH	with	lime	(calcium	carbonate)	

Results	affected	by	soil	texture	and	the	liming	material	



  Organic 
matter 

 
Total N 

Estimated 
N release 

 
NH4-N 

 
NO3-N 

 
Phosphorus (PPM) 

Sample ID pH (%) (%) (lb/acre) (PPM) (PPM) Bray Olsen 
Smith Block 7 7.1 1.2 0.06 36 2 3 3 8 
Jones Block 2-N 7.7 0.7 0.04 21 1 8 31 23 
Miller Block 4 6.0 0.8 0.04 24 3 22 54 32 
Ruiz Block 1W 6.8 1.6 0.09 48 1 16 170 114 
	

Soil	organic	maIer	(measured	combus)on	or	diges)on):	

Selected	Salinas	Valley	Soils	
Soil	Type	 %	Organic	

MaIer	
Percent	Clay	

Fine	Sandy	Loam	 0.95	 12	
Sandy	Loam	 1.15	 18	
Loam	 1.80	 25	
Clay	loam	 2.37	 36	
Silt	loam	 2.41	 47	



  Organic 
matter 

 
Total N 

Estimated 
N release 

 
NH4-N 

 
NO3-N 

 
Phosphorus (PPM) 

Sample ID pH (%) (%) (lb/acre) (PPM) (PPM) Bray Olsen 
Smith Block 7 7.1 1.2 0.06 36 2 3 3 8 
Jones Block 2-N 7.7 0.7 0.04 21 1 8 31 23 
Miller Block 4 6.0 0.8 0.04 24 3 22 54 32 
Ruiz Block 1W 6.8 1.6 0.09 48 1 16 170 114 
	

Soil	organic	maIer	≈	58%	C;	≈	7%	N;	C:N	ra)o	≈	10:1	to	12:1			

Salinas	Valley	Soils	Comparison	



  Organic 
matter 

 
Total N 

Estimated 
N release 

 
NH4-N 

 
NO3-N 

 
Phosphorus (PPM) 

Sample ID pH (%) (%) (lb/acre) (PPM) (PPM) Bray Olsen 
Smith Block 7 7.1 1.2 0.06 36 2 3 3 8 
Jones Block 2-N 7.7 0.7 0.04 21 1 8 31 23 
Miller Block 4 6.0 0.8 0.04 24 3 22 54 32 
Ruiz Block 1W 6.8 1.6 0.09 48 1 16 170 114 
	

Soil	building	prac)ces	that	increase	the	levels	of	soil	
organic	maIer	increase	the	amount	of	N	available	to	
crops	by	increasing	the	total	amount	of	N	available	for	
mineraliza)on	
	
Some	labs	will	provide	an	‘Es)mated	N	release’	
§ It	is	not	measured,	but	calculated	from	either	organic	
maIer	or	soil	total	N	

§ Different	labs	may	use	different	formulas	for	this	
calcula)on	

Soil	N	mineraliza)on	poten)al:	



N	Release	(lbs	N/A/day)	in	Salinas		

From	Patricia	Lazicki	



  Organic 
matter 

 
Total N 

Estimated 
N release 

 
NH4-N 

 
NO3-N 

 
Phosphorus (PPM) 

Sample ID pH (%) (%) (lb/acre) (PPM) (PPM) Bray Olsen 
Smith Block 7 7.1 1.2 0.06 36 2 3 3 8 
Jones Block 2-N 7.7 0.7 0.04 21 1 8 31 23 
Miller Block 4 6.0 0.8 0.04 24 3 22 54 32 
Ruiz Block 1W 6.8 1.6 0.09 48 1 16 170 114 
	

Soil	mineral	N	(nitrate	and	ammonium):	

§  NO3-N	is	the	predominate	form	of	N	in	soil	
§  NH4-N	levels	are	low	in	the	summer	(1-2	ppm)	
§  NO3-N	can	change	substan)ally	over	)me,	based	on	soil	

temperature,	irriga)on	or	rainfall	amounts,	soil	texture	
§  Given	that	nitrate	levels	can	change	quickly	it	is	best	to	test	as	

close	to	when	you	want	to	fer)lize	
§  The	nitrate	quick	test	is	a	good	method	to	get	rapidly	get	a	

nitrate	value	from	which	you	can	make	fer)lizer	decisions	
§  It	is	widely	used	by	conven)onal	growers,	and	is	less	used	by	

organic	growers	



Making	a	Fer)lizer	Decision	Based	on	
Nitrogen	Release	from	Soil	Organic	

MaIer/Prior	Crop	Residues	
•  Soil	building	prac)ces	can	help	the	soil	to	
release	good	amounts		of	nitrogen	for	crops	

•  Long-season	crops	can	benefit	from	the	
cumula)ve	amount	of	N	released	from	the	soil	

•  Short-season,	high-nitrogen	demanding	leafy	
green	vegetables	are	more	difficult,	and	
measuring	the	pool	of	residual	soil	nitrate	may	
be	a	beIer	indica)on	of	available	nitrogen	for	
crop	growth	



Rapid	Soil	Nitrate	Test	

CaCl2	extrac)on	



Spinach Nitrogen Fertility Trial 
Clay Loam Soil 

4-4-2 Fertilizer 
Planting  

 
lbs N/A 

Topdress 
 

lbs N/A  

Total 
 

lbs N/A 

Initial 
NO3-N 

 

Fresh 
wt  

tons/A 
80 80 160 21  6.9 
40 80 120 21 6.9 
0 0 0 21 6.4 



Spinach Nitrogen Fertility Trial 
Sandy loam soil  

4-4-2 Fertilizer 
 Planting  

 
lbs N/A 

Topdress 
 

 lbs N/A 

Total 
 

lbs N/A 

Initial 
NO3-N 

 

Fresh 
wt  

tons/A 
160 0 160 27  7.7 
120 0 120 27 6.8 
0 120 120 27 5.7 



Nitrogen Content of Various  
Organic Fertilizers 

Fertilizer Source 
Dry  

2.5  Poultry 
3 - 4  Seed meals 

4  Poultry Manure + Meat and Bone Meals 
12 - 13  Feather and blood meals 

8  Meat and Bone 
9 - 12  Guanos 

Liquid 
2 - 5  Fish waste 
14  Hydrolyzed soybean 



  Organic 
matter 

 
Total N 

Estimated 
N release 

 
NH4-N 

 
NO3-N 

 
Phosphorus (PPM) 

Sample ID pH (%) (%) (lb/acre) (PPM) (PPM) Bray Olsen 
Smith Block 7 7.1 1.2 0.06 36 2 3 3 8 
Jones Block 2-N 7.7 0.7 0.04 21 1 8 31 23 
Miller Block 4 6.0 0.8 0.04 24 3 22 54 32 
Ruiz Block 1W 6.8 1.6 0.09 48 1 16 170 114 
	

The	soil	phosphorus	test	is	good	for	diagnosing	
deficiency	in	the	soil;	it	is	also	good	for	monitoring	long-
term	trends	in	the	soil	(whether	it	is	increasing,	due	to	
manure	and	compost	use	or	decreasing	and	becoming	a	
problem)	
Common	Soil	Tests:		
Olsen	(bicarbonate)	extrac)on:	
§  for	soil	>	pH	6.0		
Bray	(weak	acid)	extrac)on:	
§  for	soils	<	pH	6.0		

Soil	phosphorus:	



Phosphorus	Soil	Test	Values	and	Yield	
Response	to	Phosphorus	Fer)liza)on			

Bicarbonate-extractable	soil	P*	
Crop	 Yield		

improvement	
likely	

Possible		
yield		

Improvement**		

Yield		
improvement		

unlikely	
LeIuce/Celery	 <	40	 40	-	60	 >	60	
Other	Cool	Season	
Vegetables	

<	25	 25	-	35	 >	35	

Warm	season	
vegetables	

<	15	 15	-	25	 >	25	

*			For	Bray	extrac)on	method	mul)ply	values	by	2.5	
**	Par)cularly	in	cold	soil	temperatures	



Soil	Tests	are	an	Index	of	the		
Availability	of	Phosphorus	

•  Available	phosphorus	is	in	
an		equilibrium	with	
insoluble	minerals	and	
organic	maIer	

•  The	Olsen	and	Bray	tests	
give	an	indica)on	of	plant-
available	phosphorus		

•  They	do	not	give	a	direct	
measurement	of	actual	
pounds	per	acre	of	
phosphorus	that	is	
available	



%	P	in 
Material organic	form phosphate	form 

Feedlot	manure 25 75 
Composted	manure 16 84 
Dairy	manure 25 75 
Poultry	liIer 10 90 
Swine	manure 9 91 

The	Phosphorus	in	manure	(fresh	or	composted)	
is	equal	in	availability	to	synthe)c	fer)lizer	

How	available	is	P	in	animal	manures	and	composts?	

Rock	phosphate	and	bone	meal	are	slowly	
available	in	acid	soils	and	are	unavailable	in	

alkaline	soils	



Organic Fertilizer Trials Salinas Valley  
Phosphate released from 4-4-2 Fertilizer 

 

Pe
rc

en
t 

Days after Planting 
Given soil pH’s in these evaluations (7.3-8.2), the phosphorus 

in 4-4-2 that comes from bone meal, is not available to the 
crop and remains in the soil as an insoluble mineral 



  
 

Exchangeable cations (PPM) 

 
 

Percent cation saturation 

Cation 
exchange 
capacity 

Sample ID K Ca Mg Na K Ca Mg Na H (meq/100g) 
Smith Block 7 70 1147 992 272 1.2 37.3 53.8 7.7 0.0 15.4 
Jones Block 2-N 331 4325 438 638 2.9 74.9 12.6 9.6 0.0 28.9 
Miller Block 4 48 878 187 67 1.6 58.6 20.8 3.9 15.0 7.5 
Ruiz Block 1W 416 2826 436 60 5.4 71.8 18.5 1.3 3.0 19.7 
	

Ammonium	acetate	(NH4Oac)	extrac)on:	
§ 1.0	N	NH4

+		displaces	ca)ons	from	
exchange	sites	

Exchangeable	soil	ca)ons:	

10:1	ra)o	of		
solu)on	to	soil	



Soil	Potassium	Dynamics	

Usually	<	20	PPM	

50	-	400	PPM	

up	to	several	thousand	PPM	

§  Potassium	is	oten	taken	up	by	many	vegetables	in	greater	
quan))es	than	nitrogen	

§  On	many	farms	more	potassium	is	taken	off	that	is	added	
§  Potassium	values	in	fer)lizers	is	reported	at	K20	(83%	actual	
potassium)	

	



Sources	of	Potassium	

§ Mined	minerals:		
§  Potassium	sulfate	(40%	actual	potassium),	
potassium	chloride	(17%)	

§  Greensand	(1-	5%)	–	low	solubility	
§ Wood	ash	(4%)	
§  Seaweed	(up	to	2%)	
§  Compost	(depending	on	feedstock,	generally	
no	more	than	2%)		

§ Manures	
§  Chicken	(2.5%)	
§  Cow	(15-20%)	

	
	



Organic Fertilizer Trials Salinas Valley  
Potassium released from 4-4-2 Fertilizer 

Pe
rc

en
t 

Days after Planting 



Potassium	Nutri)on	

§  Issues	with	potassium	result	
from	low	levels	of	potassium	in	
the	soil	

§  Also,	‘fixa)on’	results	from	
vermiculi)c	(2:1)	minerals	can		

						trap	K	ions	in	interlayer	site	
	
	

Potassium	deficiency		
on	peppers	



§  Potassium	is	taken	up	by	root	intercep)on	
§  Factors	that	reduce	roo)ng	or	the	amount	of	soil	
that	the	roots	explore	affect	potassium	nutri)on	

§  For	instance,	in	the	early	1990’s	when	peppers	
were	being	transi)oned	to	drip	irriga)on,	
potassium	deficiency	began	to	show	up	in	the	
Gilroy	area	

§  Also,	nematode	issues	can	result	in	potassium	
deficiency	symptoms	on	the	plant	

Potassium	crop	nutri)on	



  
 

Exchangeable cations (PPM) 

 
 

Percent cation saturation 

Cation 
exchange 
capacity 

Sample ID K Ca Mg Na K Ca Mg Na H (meq/100g) 
Smith Block 7 70 1147 992 272 1.2 37.3 53.8 7.7 0.0 15.4 
Jones Block 2-N 331 4325 438 638 2.9 74.9 12.6 9.6 0.0 28.9 
Miller Block 4 48 878 187 67 1.6 58.6 20.8 3.9 15.0 7.5 
Ruiz Block 1W 416 2826 436 60 5.4 71.8 18.5 1.3 3.0 19.7 
	

Exchangeable	soil	ca)ons:	

§  The	ca)ons	are	
released	to	the	soil	
solu)on	from	the	
nega)ve	charges	
on	clay,	organic	
maIer	and	soil	
colloids	

§  They	are	in	an	
equilibrium	with	
these	sources		



What	about	soil	ca)on	ra)os	?	
	
Many	proponents	of	‘ideal’	soil	ca)on	ra)os:	
•  ≈	10%	H	
•  60-75%	Ca	
•  10-20%	Mg	
•  2-5%	K	
•  1-5%	Na		

In	reality:	
§  high	plant		produc)vity	is	possible	with	a	wide	range	
of	ca)on	ra)os	(look	at	parts	of	the	Sacramento	
Valley	–	around	Davis)	

	

§  significantly	modifying	ca)on	ra)os	in	soil	is	usually	
prohibi)vely	expensive	



  
 

Exchangeable cations (PPM) 

 
 

Percent cation saturation 

Cation 
exchange 
capacity 

Sample ID K Ca Mg Na K Ca Mg Na H (meq/100g) 
Smith Block 7 70 1147 992 272 1.2 37.3 53.8 7.7 0.0 15.4 
Jones Block 2-N 331 4325 438 638 2.9 74.9 12.6 9.6 0.0 28.9 
Miller Block 4 48 878 187 67 1.6 58.6 20.8 3.9 15.0 7.5 
Ruiz Block 1W 416 2826 436 60 5.4 71.8 18.5 1.3 3.0 19.7 
	

§  In	California	soils,	calcium	
normally	dominates	the	
percent	of	ca)ons	

§  Calcium	deficiency	is	rare	
and	may	only	be	seen	
very	sandy	soils	or	highly	
acidic	soils	

Exchangeable	soil	ca)ons:	

§  The	Smith,	block	7	is	from	the	
Sacramento	Valley	and	the	
magnesium	is	higher	in	rela)on	
to	calcium	(soil	formed	from	
serpen)ne	rocks)	

§  This	has	not	affected	the	yield	of	
crops	but	has	affected	quality:	
§  Tomatoes	have	more	color	

defects	and	cantaloupes	
tend	to	be	soter	

Yellow		
Shoulder	



PPM	x	4	≈	lb/acre	in	top	foot	of	soil	

Even	assuming	only	half	of	exchangeable	
ca)ons	are	plant-available,	soil	Ca	and	Mg	

supply	is	typically	high		

 Exchangeable cations (PPM) 
Sample ID K Ca Mg Na 

Smith Block 7 70 1147 992 272 
Jones Block 2-N 331 4325 438 638 
Miller Block 4 48 878 187 67 
Ruiz Block 1W 416 2826 436 60 
	

Soil	Ca	and	Mg	supply	nearly	always	much	greater	
than	crop	requirement	

Actual	crop	requirements	seldom	exceed	150	lb	Ca	and	50	lb	Mg	per	acre	



There	are	things	to	consider	regarding	soil	ca)on	
ra)os:	

§  Low	Ca	:	Mg	ra)o	can	cause	soil	structural	
problems:	hard	sevng,	low	water	infiltra)on	

§  Extreme	cases	of	Ca:Mg	imbalance	result	in	
serpen)ne	soils	in	wildland	where	only	specific	
plants	are	adapted	and	can	grow	

Crusted	Soil	 Serpen)ne	Soil	



Physiological/Weather	Induced	
Calcium	Deficiency	

Cauliflower	

Romaine	

Tomato	

Cabbage	

Strawberry	

Celery	



  
 

Exchangeable cations (PPM) 

 
 

Percent cation saturation 

Cation 
exchange 
capacity 

Sample ID K Ca Mg Na K Ca Mg Na H (meq/100g) 
Smith Block 7 70 1147 992 272 1.2 37.3 53.8 7.7 0.0 15.4 
Jones Block 2-N 331 4325 438 638 2.9 74.9 12.6 9.6 0.0 28.9 
Miller Block 4 48 878 187 67 1.6 58.6 20.8 3.9 15.0 7.5 
Ruiz Block 1W 416 2826 436 60 5.4 71.8 18.5 1.3 3.0 19.7 
	

Ca)on	exchange	capacity	(CEC):	

§  The	CEC	is	a	sum	of	the	
ca)ons*.	It	is	an	
indica)on	of	the	soil	
texture	and	the	amount	
of	organic	maIer.		

§  This	is	an	interes)ng	
indicator	to	see	if	it	
increases	as	organic	
maIer	increases	in	your	
soil	building	process	

Sample ID Soil texture 
Smith Block 7 loam 
Jones Block 2-N silty clay loam 
Miller Block 4 sandy loam 
Ruiz Block 1W clay loam 
	



Sulfur	
•  Sulfur	is	abundant	in	California	soils	
•  It	comes	from	mineraliza)on	from	organic	
maIer,	atmospheric	deposi)on,	in	fer)lizers,	
in	gypsum	and	in	irriga)on	water	

•  It	is	important	to	know	how	much	sulfate	
(SO4-S)	is	in	the	irriga)on	water	to	beIer	
understand	how	much	sulfur	is	available	to	
the	crop	



 Soluble 
salts 

 
Soluble cations (meq/liter) 

Sodium 
adsorption 

 
Chloride 

 
Boron 

Sample ID (dS/m) Ca Mg Na ratio (SAR) (PPM) (PPM) 
Smith Block 7 0.3 1.0 1.5 5.9 5.3 42 0.2 
Jones Block 2-N 1.5 26.7 6.4 17.4 4.3 74 2.5 
Miller Block 7 3.5 22.6 13.0 7.8 1.8 67 0.5 
Ruiz Block 1W 1.4 7.8 3.4 3.6 1.5 28 0.3 
	

Filtered	extract	

Soil	salinity:	

‘Saturated	paste	extract’	

Measurement	is	Electrical	Conduc)vity	(EC)	
§  conduc)vity	is	propor)onal	to	the	concentra)on	of	ions	



				Ca)ons:	
Ca2+	
Mg2+	
Na+		(toxic	ion)	

K+	

Anions:	
Cl-	(toxic	ion)	
SO4

2-	

CO3
2-	

HCO3
-	

NO3
- 

pH		

Specific	Ion	Toxicity:	
				Na,	Cl,	Boron	

Alkalinity:	
CO3	

--	+	HCO3
-	

 

Cons)tuents	of	salinity	



ECw	=	0.2	 ECw	=	1	 ECw	=	3	 ECw	=	6	

Osmotic Effect of Salts 

Stun)ng	is	the	first	symptom	of	salinity	



Specific Ion Toxicity 
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 Soluble 
salts 

 
Soluble cations (meq/liter) 

Sodium 
adsorption 

 
Chloride 

 
Boron 

Sample ID (dS/m) Ca Mg Na ratio (SAR) (PPM) (PPM) 
Smith Block 7 0.3 1.0 1.5 5.9 5.3 42 0.2 
Jones Block 2-N 1.5 26.7 6.4 17.4 4.3 74 2.5 
Miller Block 7 3.5 22.6 13.0 7.8 1.8 67 0.5 
Ruiz Block 1W 1.4 7.8 3.4 3.6 1.5 28 0.3 
	

Filtered	extract	

Source:	ALP	tes)ng	program	

Soil	salinity:	

The	1:1	method	gives	
different	results	‘Saturated	paste	extract’	



 Soluble 
salts 

 
Soluble cations (meq/liter) 

Sodium 
adsorption 

 
Chloride 

 
Boron 

Sample ID (dS/m) Ca Mg Na ratio (SAR) (PPM) (PPM) 
Smith Block 7 0.3 1.0 1.5 5.9 5.3 42 0.2 
Jones Block 2-N 1.5 26.7 6.4 17.4 4.3 74 2.5 
Miller Block 7 3.5 22.6 13.0 7.8 1.8 67 0.5 
Ruiz Block 1W 1.4 7.8 3.4 3.6 1.5 28 0.3 
	

Values	differ	in	both	magnitude	and	ra)o	
from	exchangeable	ca)ons	because	
§  extracts	are	different		
			(deionized	water	vs.	1	M	NH4Oac)	
§  propor)ons	are	different	
§  units	are	different	

Soluble	ca)ons:	



 Soluble 
salts 

 
Soluble cations (meq/liter) 

Sodium 
adsorption 

 
Chloride 

 
Boron 

Sample ID (dS/m) Ca Mg Na ratio (SAR) (PPM) (PPM) 
Smith Block 7 0.3 1.0 1.5 5.9 5.3 42 0.2 
Jones Block 2-N 1.5 26.7 6.4 17.4 4.3 74 2.5 
Miller Block 7 3.5 22.6 13.0 7.8 1.8 67 0.5 
Ruiz Block 1W 1.4 7.8 3.4 3.6 1.5 28 0.3 
	

√	
		meq	Na	

	

	(meq	Ca	+	meq	Mg)	/	2	SAR		=	

Sodium	adsorp)on	ra)o	(SAR):	

The	sodium	absorp)on	ra)o	measures	if	the	adverse	
effect	of	sodium	on	water	infiltra)on	and	aera)on	in	the	

soil	are	mi)gated	by	the	presence	of	calcium	and	
magnesium	in	the	soil.	When	the	SAR	ra)o	increases	to		
12	–	15,	serious	physical	proper)es	arise	in	the	soil	and	

plants	have	trouble	absorbing	water.		



 Soluble 
salts 

 
Soluble cations (meq/liter) 

Sodium 
adsorption 

 
Chloride 

 
Boron 

Sample ID (dS/m) Ca Mg Na ratio (SAR) (PPM) (PPM) 
Smith Block 7 0.3 1.0 1.5 5.9 5.3 42 0.2 
Jones Block 2-N 1.5 26.7 6.4 17.4 4.3 74 2.5 
Miller Block 7 3.5 22.6 13.0 7.8 1.8 67 0.5 
Ruiz Block 1W 1.4 7.8 3.4 3.6 1.5 28 0.3 
	

PPM	Cl	may	be	reported	as	meq/liter:	
35.5	PPM	=	1.0	meq/liter	

Saturated	paste	chloride:	

ppm	 meq/liter	 Comment	
<	70	 <	2.0	 Generally	safe	for	all	plants	

70	-	140	 2.0	–	3.9	 Sensi)ve	plants	show	injury	
(beans,	onion,	leIuce,	carrot)	

141	-	350	 3.9	–	9.8	 Moderately	tolerant	plants	show	injury	
(potato,	alfalfa,	squash)	

>	350	 >	9.8	 Severe	problems	
(sugar	beets,	barley)	



 Soluble 
salts 

 
Soluble cations (meq/liter) 

Sodium 
adsorption 

 
Chloride 

 
Boron 

Sample ID (dS/m) Ca Mg Na ratio (SAR) (PPM) (PPM) 
Smith Block 7 0.3 1.0 1.5 5.9 5.3 42 0.2 
Jones Block 2-N 1.5 26.7 6.4 17.4 4.3 74 2.5 
Miller Block 7 3.5 22.6 13.0 7.8 1.8 67 0.5 
Ruiz Block 1W 1.4 7.8 3.4 3.6 1.5 28 0.3 
	

§  Boron	deficiency	in	California	is	unusual	
§  Boron	toxicity	occurs	in	certain	areas	(e.g.	some	parts	of	San	
Benito	County)		

§  Boron	content	of	the	water	needs	to	be	evaluated	to	see	if	it	is	
contribu)ng	to	the	issue	

§  saturated	paste	B	is	most	suited	for	toxicity	evalua)on	

Saturated	paste	boron:	



  DTPA micronutrients (PPM) Soil texture (% by weight) 
 

Sample ID 
Zinc 
(Zn) 

Iron 
(Fe) 

Manganese 
(Mn) 

Copper 
(Cu) 

 
sand 

 
silt 

 
clay 

Smith Block 7 0.1 9.2 5.4 0.2 48 37 15 
Jones Block 2-N 1.8 1.4 1.4 0.6 20 51 29 
Miller Block 4 1.8 15.0 5.7 0.6 65 26 9 
Ruiz Block 1W 2.0 15.4 13.4 0.9 31 35 34 
	

§  DTPA	(diethylenetriaminepentaace)c	acid)	is	a	chela)ng	
agent	

§  These	elements	exist	in	many	chemical	compounds	in	soil,	
of	varying	solubility	

§  The	extractant	solu)on	and	method	are	structured	to	
extract		micronutrients	likely	to	be	plant-available	

DTPA	extractable	micronutrients:	



PPM	 Deficiency	likely	to	occur	
Copper	 0.8-1.2	 Organic	soils,	sands	
Iron	 5-15	 High	soil	pH,	very	high	Zn	and	

Mn;	carbonate	in	irriga)on	
water	

Manganese	 2-10	 High	soil	pH	
Zinc	 0.7-1.5	 High	soil	pH,	sandy/low	OM	(cut	

areas),	very	high	available	P	in	
soil	

Cri)cal	ranges	for	soil	DTPA	copper,	iron,	manganese	
and	zinc:	

Interpre)ng	soil	micronutrient	levels	



Why	do	commercial	tes)ng	labs	some)mes	give	
different	results	for	the	same	soil	sample?	
§  labs	may	use	different	analy)cal	techniques	
§  labs	may	report	results	in	different	units	

Electronic	resource:	



Why	do	commercial	tes)ng	labs	some)mes	give	
different	results	for	the	same	soil	sample?	
§  there	is	inherent	variability	in	each	test	procedure	

Median	absolute	devia)on	
pH	 2%	
E.C.	 15%	
‘soluble’	ca)ons	 20%	
Olsen	or	Bray	P	 15%	
Exchangeable	ca)ons	 10%	
DTPA	micronutrients	 15%	
NO3-N	 10%	
Organic	maIer	 10%	

NAPT	program	



Why	do	commercial	tes)ng	labs	some)mes	give	
different	results	for	the	same	soil	sample?	
§  lab	accuracy	may	differ		
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