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California Agriculture

Field trials show the fertilizer value of nitrogen in irrigation water

&y Michael Cahn, Fichard Smith, Lawra Murphy and Tim Hartz

Increased reguintory activity designed fo protect groundwater from degradation by
nitrate-nitrogen (NO:-N) is focusing tion on the effidency of agricuttural use

of nitrogen (N). One area drawing s crutimy is the way in wivich growers consider the
NO;-N comcentrotion of imigastion water when determining N fertilizer rates. Four drip-
irrigated field studies were conducted in the Salings Valley evoluating the impact of
irrigation water NO3-N concentration and irrigation efficiency on the N uptake efficiency
of lettuce and brocooli crops. Irigation with water NO;-N concentrations from 2 to 45
milligrams per liter were compared with periodi ipation of N fertilizer, The effect of
irrigation efficiency was determined by comparing an efficient (110% to 120% of crop
evapotranspiration, ET;) and an inefficient {160% to 200% of ET;) irrigation treatment.

Across these trials, NO;-N from irrigation water was ot least as efficently used as
Fertilizer N; the uptake eficency of irigation water N0y-N averoged approximately
BO%, and it was not affected by NO:-N concentration or irvigation efficlency.

allfornda agriculture faces increas-
' ing regulatory pressure o im-

prove nitrogen (N} management
o protect groundwater quality. Ground-
water in agricultural regions, sech as the
Salinas Vallay and the Tusfare Lake Basin,
has been adwversely impacted by agricul-
tural practices, with niteake-N (NOy-N)
in many wells exceading the faderal
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Inexpensive nitrate test strips 2llow on-
farm estimation of imigation water NO,-M
concentration. i Salinas Valley imigation
wells, levels of HOs-N commonly range
from 10 to 40 mgyL, whidh could supply a
substantial portion of oop N requinements,

WOLLIME

drinking water standard of 10 mg/L {Har-
ter et al 2012). The threat to groundwater
Is particularly acute in the Salinas Vatley,
where the intensive production of vegsta-
bia crops has resulted in an estmated not
[oading (ferdlizer N application — N re-
maoval with crop harvest) of = 500 Iby/ac
(=112 kz/ha) of N annually (Rosenstack
et al Mld)

Levels of NO:-N in irrigation wells
in the Salinas Valley commonly range
from 10 4o &0 mg/L. Given the typical
wolume of irrigation water applied to veg-
etable Helds, NO:-N in irrigation water
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could represent a substantial fraction of
crop N requirements, provided that crops
can efficiengly use this N source. Indead,
the concept of “pump and fertilize”
(substituting irrigation water NOs-N for
fartilizer W) has been suggestad as a re-
madiation technique to improve ground-
water qualisy in agriculural regions
(Harter e« al. 3013

Cooparative Extension publications
from around the country (Bauder et al
2011; Delassne and Trostbe 2012; Hopkins
et al M07) agres that the fertilizer value
of irrigation water NOy-IN can be signifi-
cant, but they differ as to what fraction of
water NO:-N should be credited against
the fertilizer N recommendation. There
is @ pauclty of field data documenting
the efficlency of crop utilization of by
ton water M. Francis and Schapars (1994)
documented that corn could wse irrigation
water NO:-N, but in thelr study N uptake
efficlency from irrigation water was low,
which they attributed to the tming of ir-
rigation relative o crop N demand and
the avallability of N from other sources.
Martin et al (1982) suppestad that uptake
afficiency of irngation water NO:-N could
actually be higher than from fertilizar N,
bast their conclusion was based on a com-
puter simulation, not on Beld trials.

With this near total lack of relevant
field data, California growers have le-
gltimate concemns about the d f
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Nitrogen is available in irrigation water

Well water Recycled water
(2 to 70 ppm Nitrate-N) (15 to 30 ppm N as Ammonium + Nitrate)



Calculating N applied from irrigation water:

Applied water (inches) x NO;-N conc. (ppm) x 0.23

= lbs N/acre

Example:

v Applied water = 2 inches
v’ Nitrate-N concentration = 30 ppm

2 inches x 30 ppm NO;-N x 0.23

= 13.8 Ibs N/acre




Practical challenges to crediting for N in water

Multiple wells often used to irrigate a crop
Nitrate concentration in some wells
changes during the season

v" Need to estimate how much water will be
applied between fertilizer events

Need to adjust for nitrate in the soil

Many plantings to manage simultaneously
in most mid to large scale vegetable
operations

AN

AN



Should growers credit N in water applied
during pre-irrigation and germination?

= Applied water >> Crop Evapotranspiration
= Crop N uptake is minimal between |
i   ‘-'- ninatic nd;t 1e first fertilization [




Crediting for N in water and soil

Soil Nitrate N in water

Current N status of Soill Future N contribution



ials in 2016 and 2017

Commercial Field Tr
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Manifold for Irrlgatl n Treatments

1.Grower Practice
2.Best Management Practice (BMP
3. Intermedlate (2017)

2 Best Management Practice (BMP)
"&\ 3.BMP-Low
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CropManage was used to guide BMP treatments

¥r areen leaf lettuce s
Lot 1 S

Lettuce-green leaf, 6-row, 80-inch bed
1 Aug 2017 - 28 Sep 2017

Events
Upcoming | Past

12 Sep 2017

& Sprinkler & 3.83hr

6 Sep 2017

£ Sprinkler & 2.00hr

1Sep 2017

A

v3.cropmanage.ucanr.edu



Evaluated N concentration of irrigation water after every
irrigation:

P Dt

SR o { Determine average nitrate

@ " concentration in irrigation
. N water




Residual Soil N and Water N

Drip
Soil Water applied AppliedN Water
Trial# NO3-N* NO;3-N water  in Water Salinity
ppm inches lbs N /acre dS/m
--------------- 2016 ---------mmmmmm oo
Trial 1 8 32 5.0 36 0.8
Trial 2 29 84 5.3 101 1.2
--------------- 2017 -
Trial 3 7 26 4.4 26 1.1
Trial 4 35 80 5.0 89 1.4
Trial 5 20 42 6.8 65 1.8

* 1 ft depth at thinning



N fertilizer treatments (strip plots)

Applied Fertilizer N

Trial# Crop Grower BMP Intermediate
———————————— lbs/acre ------------
--------------------------- 2016 --------mmmm e
Trial 1| Iceberg 154 140 --
Trial 2| Iceberg 62 32 --
--------------------------- 2017 --------mmmmm e
Irial 3] Romaine 120 128 160
Trial 4| Iceberg 63 7 32
Trial 5 Iceberg 155 118 122

Average 111 85



Commercial Yield Evaluation




Marketable Yield (Strip Plots)

Marketable Yield relative to Standard

Grower BMP Intermediate
lbs/acre  ------------ % ----mmm---
-------------- 2016 ----------------
Trial 1 53573 2 --
Trial 2 42387 -1 --
------------- 2017 -------------—--
Trial 3 36832 10 4
Trial 4 41526 8 17
Trial 5 22511 21 16

Average 33623 3 12



Soil Nitrate and Fertilizer N (Trial 3)

50
—-@— BMP
404 |—@— BMPLow
—xy— Grower
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Tractor sidedress

[e2]
o

Fertilizer N (Ibs N/acre)
3 &

o

I mmm BMP

mmmm BMP Low
—3 Grower

1

Romaine

18t Crop

Irrigation water = 26 ppm N
Cropley silty clay

4/24

5/1 5/8 5/15 5122
Date

Total
Treatment applied N
lbs N/acre
BMP 128
BMP-Low 63
Grower 120



Marketable Yield (Replicated Trial 3)

Total yield
number carton marketable untrimmed
Treatment  of reps Applied N yield yield % 24's  head wt.
Ibs N/acre ct/acre |bs/acre %  |bs/plant
Grower 2 120 1030 36114 99 2.3
BMP 3 128 1046 37411 100 2.6

BMP-Low 3 63 997 33827 97 1.9




Soil Nitrate and Fertilizer N (Trial 4)

Crisphead lettuce
Previous crop: lettuce
Irrigation water = 80 ppm N

Date

Gorgonio sandy loam

100
V\ —@— BMP
i / — @®— BMP Low
80 / AN o
N ~/ Grower
‘ N
< 60 - /
3 / //&\ \\ //v
8 40 - /// ~ v
20 B I T T T o . ...
7/24 7/31 8/7 8/14 8/21
. 80
o
®
> 60 - s BMP
" mmm BMP Low
2 —= Grower
<= 40
Z
N 20
5 I
7/24 7/31 8/7 8/14 8/21

Total
Treatment applied N
Ibs N/acre
BMP 7
BMP-Low 0
Grower 63



Marketable Yield (Replicated Trial 4)

total yield
marketable Untrimmed 24 count
Treatment Applied N carton yield yield head wt.  cartons
Ibs N/acre cartons/acre Ibs/acre |bs/head %
Grower 63 1206 53088 2.55 87
BMP 7 1203 55459 2.89 94
BMP-Low 0 1209 55268 2.96 90

LSD g.05 NS NS 0.34



Marketable Yield (Strip Plots Trial 4)

cartonyield
carton marketable total
Treatment Applied N wt. wt. cartons %24s
lbs N/acre |b/box lbs/acre  ct/acre %
Grower 63 43.3 41526 1033 39
BMP 7 45.3 44758 1058 95
Intermediate 32 47.7 48661 1084 97




Applied or Recommended Water (inches)

Applied vs Recommended Drip Water (Trial 4)

Grower BMP

HEE Applied
EE Recommended

EE Applied
4 - EE Recommended

Applied or Recommended Water (inches)

7/27 to 8/4 8/9 to 8/28 7/27 to 8/4 8/9 to 8/28



Soil Nitrate and Fertilizer N (Trial 5)
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Date

Fertilizer N (Ibs N/acre)

Crisphead lettuce

Previous Crop: Cauliflower
Irrigation water = 42 ppm N
Salinas clay loam

Water EC = 1.8 dS/m

Total
Treatment applied N
lbs N/acre
BMP 118
BMP-Low 90
Grower 155



Marketable Yield (Replicated Trial 5)

total yield
carton marketable total
Treatment Applied N yield wt. biomass
Ibs N/acre ct/acre |lbs/acre lbs/acre
Grower 155 957 33306 62920
BMP 118 960 33086 67225
BMP-Low 90 981 35484 67780

LSDg s NS NS 2037



Marketable Yield (Strip Plots Trial 5)

Marketable Yield

marketable
Treatment Applied N carton wt. cartonyield wt. % 24s
Ibs N/acre Ibs/carton ct/acre |lbs/acre %
Grower 155 35.9 683 22511 89
BMP 118 37.2 796 27185 86

Intermediate 122 37.1 766 26047 91




Applied or Recommended Water (inches)

Applied vs Recommended Drip Water (Trial 5)

Grower BMP

Applied or Recommended Water (inches)

8/31 to 9/22 9/23 to 10/13 8/31 to 9/22 9/23 to 10/13

HEE Applied I Applied
EE Recommended EE Recommended




Average applied N for lettuce = 175 Ibs/acre

Lettuce Records(2015)
Nitrogen from Fertilizers & Amendments Only

120
Does not include N applied in irrigation water

CCRWQCB 2016

Frequency (Number ol crops neported )
3

TR EREREERERERRERE
Mitrogen from Fertilizers & Amendments (lbafac)
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How much fertilizer* could potentially be saved by crediting N in water?

180
160 -

T4

140 - T2
120 -
100 A
80 -

60 1 T5
T3
40 1 T1

20 A

0 T T T T
0 20 40 60 80

Potential N Fertilizer Savings (Ibs N/acre)

Nitrate-N concentration of irrigation water (ppm)

*based on average fertilizer rate of 175 Ib N/acre for lettuce



CropManage: N in irrigation water calculator

/o Add Fertilization Event X

Include N Centribution From Water in Recommendation

Include N Contribution From Water in
Recommendation

Closest Irrigation Event (1]

13 Nov 2017

Expected Irmgation Method

Germination Sprinkler

® Use Avg. Well Water PPM Enter PPM Manually

Avg Well Water N Concentration L

34 5 ppm Well Water D-@bm:un

Recommended Irrigation Amount Hiis
2.3 Inches o

Calculate Contribution for:

2.3 Inches

/2" Add Fertilization Event X

Include N Contribution From Water in Recommendation

Include N Contribution From Water in
Recommendation

Closest Irrigation Event (1]
13 Nov 2017 i

Expecied Irrigation Method

Germination Sprinkler

® Use Avg. Well Water PPM Enter PPM Manually

Avg Well Water N Concentration e

345 ppm Well Water Distribution

Well 1 Well 2 Well 3 Well 4
(42 ppm) (27 ppm) (56 ppm) {13 ppm)

25% B 25% W 25% B 25%

©_ o ______ 0

Recommended Irrigation Amount m Fioirs
2.3 Inches o



Summary

Commercial field trials demonstrated that nitrate in
irrigation water can potentially reduce fertilizer N
requirements of lettuce.

Also need to evaluate the residual N level of the soil.

Begin crediting for N in water after the crop is established.

Crops will be most efficient in utilizing N in water if irrigation
volumes follow the evapotranspiration demand of the crop.






