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Nitrogen FNitrogen Fgg
•• In the recent past, niIn the recent past, ni

been relatively inexpbeen relatively inexpbeen relatively inexpbeen relatively inexp
constituted a small pconstituted a small p
production budgetproduction budgetproduction budget production budget ––

•• In 2008 there was a sIn 2008 there was a s
i th t i di th t i dprices that increasedprices that increased

use efficiencyuse efficiency

FertilizationFertilization
itrogen fertilizers have itrogen fertilizers have 
pensive andpensive andpensive and pensive and 
proportion of the proportion of the 

5%5%–– 5%5%
spike in fertilizer spike in fertilizer 
d i t t i f tilid i t t i f tilid interest in fertilizer d interest in fertilizer 
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Nitrogen FertilizNitrogen FertilizNitrogen FertilizNitrogen Fertilization of Lettuceation of Lettuceation of Lettuceation of Lettuce
•• Nitrogen uptake by Nitrogen uptake by 

l tt i d tl tt i d tlettuce is modest:lettuce is modest:
120 120 -- 140 lbs N/A140 lbs N/A

•• However: However: 
•• Lettuce is shallow rootedLettuce is shallow rooted
•• It requires frequent It requires frequent 

irrigationirrigation
•• This scenario opens the This scenario opens the 

door to losses of door to losses of 
nitrogen in cropnitrogen in cropnitrogen in crop nitrogen in crop 
productionproduction
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ImportanceImportanceImportanceImportance
•• Nitrogen from all souNitrogen from all sou

transform to nitrate itransform to nitrate itransform to nitrate itransform to nitrate i
•• As a result, nitrate isAs a result, nitrate is

il bl it iil bl it iavailable nitrogen in available nitrogen in 
•• It accumulates in quaIt accumulates in qua

easily measuredeasily measured
•• Nitrate is beneficial inNitrate is beneficial in
•• However, large poolsHowever, large pools

susceptible to leachisusceptible to leachisusceptible to leachisusceptible to leachi
of the cropof the crop

e of Nitratee of Nitratee of Nitratee of Nitrate
urces tends to urces tends to 
n warm soilsn warm soilsn warm soilsn warm soils
 the dominant form of  the dominant form of 
th ilth ilthe soilthe soil

antities that can be antities that can be 

n agricultural soilsn agricultural soilsgg
s of soil nitrate are s of soil nitrate are 
ng past the root zoneng past the root zoneng past the root zone ng past the root zone 



NitrogenNitrogenNitrogenNitrogen
•• However, losses to gHowever, losses to g

waters is a pollutantwaters is a pollutantwaters is a pollutant waters is a pollutant 
•• Causes eutrophicatioCauses eutrophicatio
•• Reduces the use of gReduces the use of g

municipal water (drinmunicipal water (drin
is <45 ppm NOis <45 ppm NO33))

•• Nitrate losses are of Nitrate losses are of 
many groups (Regionmany groups (Region
Marine Sanctuary, MuMarine Sanctuary, Muy,y,

n Lossesn Lossesn Lossesn Losses
ground or surface ground or surface 

on of surface waterson of surface waters
groundwater for groundwater for 
nking water standard nking water standard 

great concern to great concern to gg
nal Water Board, nal Water Board, 
unicipalities, etc)unicipalities, etc)p , )p , )
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Techniques to ITechniques to I
UtilizationUtilization

•• Fertilizer management Fertilizer management 
S lit li ti tS lit li ti t–– Split applications, etc…Split applications, etc…

•• Irrigation managementIrrigation management
•• Drip irrigationDrip irrigation

–– spoon feed N spoon feed N 
–– manage water carefullymanage water carefully

ncrease Nitrate ncrease Nitrate 
n by Cropsn by Crops

•• Slow release fertilizersSlow release fertilizers
Nit ifi ti i hibitNit ifi ti i hibit•• Nitrification inhibitorsNitrification inhibitors

•• Soil/plant tissue Soil/plant tissue 
testingtesting



•• The residual soil nitrate The residual soil nitrate 
acts just like fertilizeracts just like fertilizeracts just like fertilizer acts just like fertilizer 
nitrogen and can be nitrogen and can be 
used for crop growthused for crop growthused for crop growthused for crop growth

•• The nitrate quick test  The nitrate quick test  
measures the pool of measures the pool of pp
nitrate in the soilnitrate in the soil

•• It gives a rapid It gives a rapid g pg p
measurement of nitrate measurement of nitrate 
that is available for that is available for 

ththcrop growthcrop growth
•• 20 ppm is considered 20 ppm is considered 

d t f l ttd t f l ttadequate for lettuce adequate for lettuce 
growthgrowth

Soil TestsSoil Tests



Nitrogen Uptake CNitrogen Uptake C
LettLett

Characteristics of Characteristics of 
tucetuce



•• Lettuce takes up nLettuce takes up n
predictable way:predictable way:p ed ctab e ayp ed ctab e ay
–– 30 days after the fi30 days after the fi

up no more than 5up no more than 5--up no more than 5up no more than 5--
–– Between 30 to 60 dBetween 30 to 60 d

exponentially and rexponentially and rexponentially and rexponentially and r
fertilizationfertilization
I l i kI l i k–– In total, it takes up In total, it takes up 
in the topsin the tops

itrogen in a itrogen in a 

rst water lettuce takes rst water lettuce takes 
--7 lbs of N7 lbs of N--7 lbs of N7 lbs of N
days lettuce grows days lettuce grows 
requires carefulrequires carefulrequires careful requires careful 

b 120b 120 140 lb f N140 lb f Nabout 120 about 120 -- 140 lbs of N 140 lbs of N 



Daily Nitrogen
Head Lettuce

n/A Uptake by 
e in Summer



N Uptake N Uptake 
•• In the northern SalinIn the northern Salin

summer temperaturesummer temperaturepp
21 GDD per day21 GDD per day

•• On average lettuce taOn average lettuce taOn average lettuce taOn average lettuce ta
N/A/dayN/A/day

•• Lettuce grown in areLettuce grown in are•• Lettuce grown in areLettuce grown in are
would have higher dwould have higher d
instance in King Cityinstance in King Cityinstance in King Cityinstance in King City
temperatures mean dtemperatures mean d
would average > 4 lbwould average > 4 lbwould average > 4 lbwould average > 4 lb

of Lettuceof Lettuce
nas Valley with a nas Valley with a 
e regime that averages e regime that averages g gg g

ake up 3.3 lbs ofake up 3.3 lbs ofake up 3.3 lbs of ake up 3.3 lbs of 

eas with higher GDDeas with higher GDDeas with higher GDD eas with higher GDD 
aily N uptake. For aily N uptake. For 

y with warmery with warmery, with warmer y, with warmer 
daily lettuce N uptake daily lettuce N uptake 

bs of N/Abs of N/Abs of N/A.bs of N/A.



Interest in IncreasInterest in Increas
EfficEffic

Pressure for improvingPressure for improvingPressure for improvingPressure for improving
efficiency grew in 200efficiency grew in 200
S ik i f tili iS ik i f tili i•• Spike in fertilizer pricSpike in fertilizer pric

•• Increased pressure toIncreased pressure to
from agricultural fieldfrom agricultural field
Water Quality ControWater Quality Contro
conditional waiver inconditional waiver in

sing Nitrogen Use sing Nitrogen Use 
iencyiency
g nitrogen useg nitrogen useg nitrogen use g nitrogen use 
08 due to:08 due to:
ces ces 
o reduce nitrate losses o reduce nitrate losses 
ds by the Regional ds by the Regional 
ol Board (renewal  of the ol Board (renewal  of the 
 2009) 2009)



FarmFarm--Scale NitroScale Nitro
EvaluEvalu

Three trials conductedThree trials conductedThree trials conductedThree trials conducted
•• Each field 20 Each field 20 –– 27 acr27 acr
•• Two treatments: StanTwo treatments: Stan
•• All conducted on theAll conducted on the

(more residual N ava(more residual N ava
•• Nitrogen in BMP plotNitrogen in BMP plotNitrogen in BMP plotNitrogen in BMP plot

use of the nitrate quiuse of the nitrate qui

ogen Management ogen Management 
ationsations
::::
resres
ndard and BMPndard and BMP
e 2e 2ndnd crop of the season crop of the season pp
ilable in the soil)ilable in the soil)
ts managed based onts managed based onts managed based on ts managed based on 
ck testck test



Trial No. 1 – H

Treatment Preplant
400 lbs 

3.5-16.9-25

At planting
40 gals 
6-16-0

Pre 
thinning

30 gals

0 DAP 0 DAP
21-0-0-8*

20 DAP
Standard 14.0 26.4 69.3
BMP 14.0 26.4 0.0  

Head Lettuce

Thinning
30 gals
21-0-0-8

Post 
thinning

15 gals

Post 
thinning

30 gals

Total
Nitrogen
Per Acre

25 DAP
21-0-0-8

35 DAP
21-0-0-8

41 DAP
Per Acre

69.3 0.0 69.3 248.3
0.0 34.6 34.6 109.7

Planted June 26
Harvested Sept 3Harvested Sept 3
Prior crop = lettuce
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Amount of Nitrogen
of Soil on Julyof Soil on July

250

200

150

100

50

0
0 to 1 1 to 2

n in Top Three Feet 
y 25 (30 DAP)y 25 (30 DAP)

Standard = 425 lbs N/A
BMP = 538 lbs N/A 

in top 3 feet of soil

StandardStandard
BMP

2 to 3 Feet



Cored Head LCored Head L
lbslbs

60000

70000

54,649                                   

40000

50000

20000

30000

0

10000

StandardStandard                   

Lettuce Yield Lettuce Yield 
s/As/A

      55,506
58,826

BMP Untreated     BMP                        Untreated



Lysimeter

Collection 
bottle

LysimetersLysimeters were installed were installed 
and maintained at suctions and maintained at suctions 
that approximated the flow that approximated the flow 
of gravitational water. of gravitational water. 
Samples of this water were Samples of this water were 
analyzed for nitrate analyzed for nitrate 
content From thecontent From thecontent. From the content. From the 
concentration of nitrate in concentration of nitrate in 
this water and estimationsthis water and estimationsthis water and estimations this water and estimations 
of movement of water of movement of water 
through the soil we could through the soil we could 
estimate nitrate loss estimate nitrate loss 



Nitrate LNitrate L
•• The The lysimeterslysimeters were were 

nitrate leaching to twnitrate leaching to tw
eventsevents

•• In one irrigation evenIn one irrigation evengg
29 we estimated the f29 we estimated the f
of nitrate:of nitrate:

Treatment Lbs

St d d 3Standard 3

BMP 1

LeachingLeaching
used to estimate used to estimate 

wo feet in irrigation wo feet in irrigation 

nt from July 24 to July nt from July 24 to July y yy y
following movement following movement 

s of N Value of N*

37 3 $15 6737.3 $15.67

11.2 $4.70

* at $0.42/lb N



Trial No. 2 Trial No. 2 --

Treatment Preplant Planting FertigationTreatment Preplant
100 lbs 
0-0-50

0 DAP

Planting
25 gals 
0-20-0

0 DAP

Fertigation
7 gals 

28-0-0-5*

32 DAP
Standard 0.0 0.0 21.5

BMP 0.0 0.0 0.0

-- RomaineRomaine

Fertigation Fertigation Fertigation TotalFertigation
7 gals 

NpHuric

37 DAP

Fertigation
7 gals 

28-0-0-5*

41 DAP

Fertigation
10 gals 

28-0-0-5*

45 DAP

Total 
N/A

12.4 21.5 21.5 76.9

12.4 21.5 30.8 64.7

Planted July 12
H t d S t 12&16Harvested Sept 12&16
Prior Crop - rapini



Trial No. 2 Trial No. 2 
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Trial No. 2 Trial No. 2 

Total N Applied to the Total N Applied to the 
•• Standard = 77 lbsStandard = 77 lbsStandard  77 lbsStandard  77 lbs
•• BMP = 65 lbsBMP = 65 lbs

If l ttIf l tt•• If an average lettuce If an average lettuce 
N/A the remainder ofN/A the remainder of

li d t thili d t thisupplied to this cropsupplied to this crop
(prior crop residues (prior crop residues 

i li ti fi li ti fmineralization from omineralization from o

-- RomaineRomaine

crop:crop:

t i 120 lbt i 120 lbcrop contains 120 lbs crop contains 120 lbs 
f the N that was f the N that was 

f id l Nf id l Np was from residual N p was from residual N 
and nitrogen and nitrogen 

i tt )i tt )organic matter)organic matter)



Trial No. 2 Trial No. 2 
Commercial YCommercial YCommercial YCommercial Y

26,126 26,697
30,000

35,000

20,000

25,000

10,000

15,000

0

5,000

9/12/2008 Pl ti9/12/2008 Platinum Date

Sta

-- RomaineRomaine
YieldYield CoredCoredYield Yield –– Cored Cored 

29,587 29,179

9/16/2008 S V ll9/16/2008 Sun Valleye and Variety

andard … GAINBMP



Trial No. 3

Treatment Planting Post thinninTreatment Planting
40 gals 6-16-0

0  DAP

Post thinnin
21-0-0-8*
27 days

Standard 26 4 57 8Standard 26.4 57.8
BMP 26.4 34.7

3 - Romaine

g Rosette Mid growth Totalg Rosette
21-0-0-8
34 days

Mid growth
21-0-0-8
42  days

Total
N/A to 
date

57 8 57 8 199 757.8 57.8 199.7

57.8 34.7 153.6

Planted August 22
Harvested October 31Harvested October 31



Trial No. 3Trial No. 3Trial No. 3 Trial No. 3 
Nitrate Nitrogen 
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8.2   78.28.2   78.2





May be necessaryMay be necessary
by angling  towar

y to collect samplesy to collect samples 
rds the row middles



Trial No. 3 Trial No. 3 
T i dT i dTrimmedTrimmed

30000

25000

30000

24,289

20000

10000

15000

5000

0
Standard 

-- RomaineRomaine
d Yi ld/Ad Yi ld/Ad Yield/Ad Yield/A

21,045

18,923

GAIN Untreated



SumSum

Site
Standard

N/A
B
N

Site No. 1 248 1
Site No 2 77 6Site No. 2 77 6
Site No. 3 200 1

175 1Average 175 1

* B* B

mmarymmaryyy

MP
N/A

Nitrogen
Reduction

Cost
Reduction*

10 139 58.42
65 12 5 0465 12 5.04
54 46 19.32
09 66 27 5909 66 27.59

B d $0 42/lb f itBased on $0.42/lb of nitrogen



SumSum

Site Impact on yield

Site No. 1 No difference

Site No. 2 No difference

Site No. 3 Reduced Yield

mmarymmaryyy

Comment
Clearly able to reduce N use in y

this type of scenario

Grower practice was optimalp p
Site was variable and soil 

unusual



• These trials showed
Possible to reducePossible to reduce 
and irrigation input

• Irrigation is key to n
fertilizer managemefertilizer manageme

• Leaching of nitrate c
tan unseen cost. 

• In spite of the downp
fertilizer prices, the 
nitrogen managemenitrogen manageme

d that it is 
nitrogen fertilizernitrogen fertilizer
s. 

nitrogen (nitrate)
nt.nt. 
can be an 

n swing in  g
need for improved

ent is not reducedent is not reduced


