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Tradi2onal	Analyses	

Soil	

Tissue	

Water	



Soil	Sampling	Methods	
•  Grid		
–  Iden4fying	field	variability		
– Determining	management	zones	
– Useful	for	VRA	(variable	rate	applica4on)	
technologies.	

•  Composite	
– Average	condi4ons	within	a	management	zone.		

•  Diagnos4c	
–  To	study	an	anomaly	within	a	determined	area.	

Establishing	a		
Sampling	Grid	

Developing	
Management	

Zones	



Sampling	Point	and	Depth	

SAMPLING	IN	AN		
ESTABILISHED	FIELD	

•  Pulled	from	beneath	irriga4on	emiKers	where	wet	bulb	is	formed	
•  Depth	varies	depending	on	plant	species;	typically	16”	or	less	



Soil	Repor2ng	Results	



Granulometry	&	Texture	



Electrical	Conduc2vity	(E.C.)	
EC	(dS/m	at	25°C)																		
1:5	(w/w)	extract	

EC	(dS/m	at	25°C)											
Saturated	Paste	 Classifica2on	

<	0.35	 <	2	 Not	Saline		

	0.35	-	0.65	 	2	-	4	 Slightly	Saline	

	0.65	-	1.15	 	4	-	8	 Saline	
	1.15	-	2.00	 	8	-	16	 Highly	Saline	

>	2.00	 >	16	 Extremely	Saline	

•  Osmo4c	stress	poten4al	
•  Phytotoxicity	
•  	Structure	degrada4on	



pH	



Organic	MaVer	

Organic	MaVer	(%)	
	<	1%	 Very	Low		

	1%	-	1.9%	 Low	
2.0%	-	2.5%	 Normal	

>	2.5%	 High	

•  Soil	Structure	
•  Water	reten4on	
•  Aera4on		
•  Microorganism	Habitat	



Exchange	Complex	

Ca2ones	 Rela2ve	%	Ca2ons	of	Exchange	Complex	

Very	Low	 Low	 Normal	 High	 Very	High	

Calcium	 <	50	 	50	-	60	 	60	-	70	 	70	-	80	 >	80	

Magnesium	 	<	10	 	10	-	20	 	20	-	30	 	30	-	40	 >	40	

Potassium	 	<	2.5	 	2.5	-	5	 	5	-	10	 	10	-	20	 >	20	

Sodium	 -	 	<	0.5	 	0.5	-	5	 	5	-	15	 >	15	

		
	Ca2on	Antagonisms	
Normal	 Deficient	

Mg	
Deficient	

K	

K/Mg	 	0.2	-	0.3	 	>	0.5	 <	0.2	
Ca/Mg	 -	 >	10	 -	

Ca2on	Ra2os	 Op2mal	

Ca/Mg	 4.0	-	6.0	

Mg/K	 2.0	-	3.0	

Ca	+	Mg/	K	 10.0	-	20.0		

Ca/K	 10.0	-	15.0	



Other	Macronutrients	

•  Phosphorus	
-  20-40	mg/Kg	op4mal	range	with	Olsen	
-  P	availability	influenced	by	other	factors,	and	

results	of	tradi4onal	tes4ng	may	be	deceiving.	
•  Nitrogen	

					Total	Nitrogen	(mg/kg)		Dumas	Method	(combus2ón)	
		 Low	 Normal	 High	

Sandy	Soil	 <	500	 500	-	1000		 >	1000	
Loam	Soil	 <	1000	 1000	-	1500	 >	1500	

Nitrate	Nitrogen	(NO3-N)	with	KCL	Extrac2on	(mg/Kg)	
Low	 Medium	 High	 Excessive	
<10	 	10-20	 20-30	 >	30	



Micronutrients	

•  DTPA	developed	for	Midwestern	soils	
•  Soil	concentra4ons	in	CA	always	high	
•  Not	always	reliable	in	plant	availability	
•  Foliar	tes4ng	preferred	for	micronutrient	assessment	

					

Micronutrient	 mg/Kg	
Low	 Medium		 High	

Manganese	 4.00	 	4.0	-	10.0	 10.00	
Boron	 0.50	 	0.5	-	6.0	 6.00	
Copper	 1.00	 1.0	-	5.0	 5.00	
Iron	 5.00	 5.0	-	15.0	 15.00	
Zinc	 0.05	 0.05	-	5.00	 5.00	



Soil	Repor2ng	Results	



Water	Repor2ng	Results	

					



pH	&	Alkalinity	

					•  As	with	soil,	irriga4on	pH	has	a	great	influence	
on	nutrient	availability,	and	has	a	direct	
rela4onship	with	soil	solu4on	pH.	

•  Buffering	capacity	of	a	soil	is	determined	by	
HCO3	concentra4ons.						

Alkalinity	(meq/L)	in	Irriga2on	Water	(CO3+HCO3)	
Low		 Moderate	 High		 Very	High	
	<	2.0	 2.1-4.0	 4.1-8.0	 >8	

Ideal	

Manageable,	but	may	
require	acidifica4on	
depending	on	soil	

Crop	produc4on	
jeopardized.		

Acidifica4on	necessary.	
Phytotoxicity	upon	foliar	

contact.	

Produc4on	at	serious	
risk.	Nutrient	

availability	issues.	
Clogged	emiKers.	

University	of	California	



Electrical	Conduc2vity	

					
EC	(dS/m)	 Classifica2on	

<0.4	 Very	low	salt	content;	excellent	quality	

0.4-0.8	 Low	salt	content;	good	quality	

0.8-1.2	 Moderate	salinity;	only	sensi4ve	crops	affected	

1.2-2.2	 Saline	water;	ques4onable	quality	depending	on	salts	

2.2-3.5	 Highly	saline;	only	suitable	for	tolerant	crops.	Leaching	frac4on	required.	

>3.5	 Excessive	salinity;	great	risk	in	long	term	damage	to	crop/soil.	

Leaching	Frac4on											
ECw=	Irriga4on	water	EC							Ece=	Saturated	Paste	Extract	EC		

University	of	California	



Sodium	Adsorp2on	Ra2o	(SAR)	

					



Phytotoxic	Ions	(B	&	Cl)	

					
Boron	
mg/L	 Classifica2on	
<0.2	 Very	low	B	content;	excellent	quality	

0.0.3-0.4	 Low	B	content;	good	quality	
0.5-0.7	 Moderate	salinity;	only	sensi4ve	crops	affected	
0.8-1.0	 High	B	content;	produc4on	at	risk		
1.1-2.0	 Very	high	B;	only	tolerant	plants	can	be	cul4vated.	
>2.1	 Excessive	B;	use	not	advisable.	

Chloride	
meq/L	 Classifica2on	

<3	 No	risk;	ideal	condi4ons	
3-5	 Low	Cl;	generally	low	risk.	Cau4on	with	foliar	contact	in	sensi4ve	crops.	
6-10	 Moderate-high	Cl;	cau4on	with	sensi4ve	plants.	
11-15	 Very	high	Cl;	produc4on	at	risk	but	manageable	with	proper	leaching.		
>15	 Excessive	Cl;	use	not	advisable	in	agriculture.	



Water	Repor2ng	Results	

					



Plant	Tissue	Analysis	

•  Help	determine	plant	nutrient	status	
•  Typically	takes	over	7-10	days	to	see	

response	from	fer4lizer	applica4on	
•  Even	prior	to	appearance	of	visual	

deficiency	symptoms,	plant	
metabolisms	are	damaged,	which	
limits	produc4vity	

•  Tool	to	confirm	that	nutrient	
management	plan	is	correct	

•  Consequence	of	various	factors	that	
affect	nutrient	uptake	

•  Reference	values	not	updated	



Repor2ng	Results	



Essen2al	Mineral	Nutrients	

•  Macro	Elements:	required	in	large	
amounts	(80	–	hundreds	Lbs/acre)	

•  Secondary	Elements:	required	in	
large	amounts	(20-80	Lbs/acre)	

•  Micro	Elements:	required	in	small	
quan44es	(a	few	or	less	Lbs/acre)	

•  Others	in	study/discussion:	Nickel,	
Chlorine,	Cobalt,	Vanadium	
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Ciclo de Cultivo 

Abonado de fondo` 

Fertigation 

Slow release fertilizers 

Comparación formas de abonado al cultivos 

Adaptado de Cadahía, 2005 



Nutrient	 Type	 Uptake	form	 Mobility	in	Plant	 Mobility	in	Soil	

Nitrogen	 Macro	 NO3
-,	NH4

+	 Mobile		 Mobile	as	NO3
-,	

immobile	as	NH4
+	

Phosphorus	 Macro	 HPO4
2-,	H2PO4

-	 Somewhat	mobile	 Immobile	

Potassium	 Macro	 K+	 Very	mobile	 Somewhat	mobile	

Calcium	 Macro	 Ca2+	 Immobile	 Somewhat	mobile	

Magnesium	 Macro	 Mg2+	 Somewhat	mobile	 Immobile	

Sulfur	 Macro	 SO4
-	 Mobile		 Mobile	

Boron	 Micro	 H3BO3,	BO3
-	 Immobile	 Very	mobile	

Copper	 Micro	 Cu2+	 Immobile	 Immobile	

Iron	 Micro	 Fe2+,	Fe3+	 Immobile	 Immobile	

Manganese	 Micro	 Mn2+	 Immobile	 Mobile	

Zinc	 Micro	 Zn2+	 Immobile	 Immobile	

Molybdenum	 Micro	 MoO4
-	 Mobile	 Somewhat	mobile	

Nutrient	mobility	



•  Nutrient	mobility	drives	deficiency	symptom	loca4on	in	plant	

Visual	Nutri2onal	Diagnosis	



How	does	nutrient	concentra4on	
affect	plants?	
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Plant	Phenology	and	Nutrient	Requirements	

•  Understanding	Growth	Cycle	&	Nutrient	Demand	for	Each	Stage	
–  Vegeta4ve	vs.	Reproduc4ve,	moments	of	root	flush,	bud	differen4a4on,	etc.	
	

•  Nutrient	Uptake	Curves	Based	on	Tissue	Content		
–  Conduc4ng	4ssue	analysis	at	each	phenological	stage	to	iden4fy	trends	in	nutrient	

storage	and	distribu4on.	
	

•  Determining	Nutrient	removal	at	harvest	(fruit	composi4on	&	yield)		
–  Determining	amount	of	nutrients	removed	(lbs/acre)	at	harvest	through	4ssue	analysis	

of	fruit.	
	

	

Sample	Timing	
Punctual	vs.	Dynamic	



•  Concentra2on	of	Soil	Solu2on;	
Generally	the	ions	are	absorbed	against	
concentra4on	gradient	and	rate	of	absorp4on	
depends	on	that	concentra4on	

•  Plant	phenological	stage;	nutrient	
demand	seasonal	changes	

•  Ion-Ion	interac2ons	(balance);		
–  Antagonism/Synergism:	Interference	with	

other	ion	uptake	
–  Facilita4on:	Enhancement	of	other	ion	

uptake	
–  Message	to	force	plant	into	phenological	

stage	

Soil	Solu2on	Sampling	





Nutrient	removal	(lbs/acre)	by	aerial	growth	biomass	
	Based	on	UCCE	es2ma2ons	for	Physical	graffity	

	
- UCCE	Irvine	field	plot	726	plants/acre	

- Pruning	200	lbs/plant-year;	145,200	lbs/acre	
	
	

- Fillmore	field	plot	1452	plants/acre	
- Pruning	200	lbs/plant;	290,400	lbs/acre	

	

N	 P2O5	 K2O	

138	 46	 461	

N	 P2O5	 K2O	

276	 92	 922	

Incorporate	prunnings;																plant	health	issue??	



Nutrient	removal	(lbs/acre)	by	fruit	
	Based	on	UCCE	es2ma2ons	for	Physical	graffity	

	
- UCCE	Irvine	field	plot	726	plants/acre	

- Conserva2ve	20	lbs/plant;	14,520	lbs/acre	
- Poten2al	50	lbs/plant;	36,300	lbs/acre	

	
- Fillmore	field	plot	1452	plants/acre	

- Conserva2ve	20	lbs/plant;	29,040	lbs/acre	
- Poten2al	50	lbs/plant;	72,600	lbs/acre	

	

N	 P2O5	 K2O	

29	 8	 57	

73	 20	 142	

N	 P2O5	 K2O	

58	 16	 113	

145.2	 40	 284	



Thank	you	
klam@agq.us.com	


