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Fine-tuning fertilizer-P and -K recommendations
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Summary of Mehlich-3 soil-test K of soil samples submitted to the UADA
Marianna Soil Test Lab between 2010-2022 where cotton was the previous crop

Changes in soil-test K categories in Arkansas from 2010 to 2022
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Potassium losses in runoff from cotton production fields

Mike B. Daniels' | Matthew S. Fryer’® | Samuel B. Fernandes’® | Nathan A. Slaton* |
Andrew N, Sharpley’ © | Pearl Webb®® | LeeRiley’ | James Burke’ |

Lawrence G. Berry’ | Trenton Roberts® | Bill Robertson’

lDepartmenl of Crop, Soil, and Environmental Sciences, University of Arkansas, Little Rock, Arkansas, USA
2 Agricultural and Natural Resources Extension, University of Arkansas, Little Rock, Arkansas, USA

g)’Lgri(:ulluml Statistics, Department of Crop, Soil, and Environmental Sciences, University of Arkansas, Fayetteville, Arkansas, USA

4AAES, Fayetteville, Arkansas, USA

3Department of Crop, Soil, and Environmental Sciences, University of Arkansas, Fayetteville, Arkansas, USA
6 Arkansas Discovery Farms, Little Rock, Arkansas, USA
7 Arkansas Discovery Farms, Fayetteville, Arkansas, USA

sDe]mrlmem of Crop, Soil, and Environmental Sciences, University of Arkansas, Fayetteville, Arkansas, USA

9Department of Crop, Soil, and Environmental Sciences, Newport, Arkansas, USA

Correspondence

M. B. Daniels, Extension Soil and Water,
Department of Crop, Soil, and
Environmental Sciences, Little Rock 501
581-9937, Arkansas, USA.

Email: mdaniels @uada.edu

Assigned to Associate Editor Olga Walsh.

Funding information

Arkansas Soil Test Review Board; Natural
Resources Conservation Service; The
Fertilizer Institute

DIVISION OF AGRICULTURE

Abstract

Potassium (K) loss in runoff represents a potential financial concern since fertilizer-
K is routinely applied to sustain optimal crop K nutrition and yield potential. Our
research objectives were to quantify and characterize the soluble-K loss in runoff
from fields used for continuous cotton (Gossypium hirsutum L.) production while
determining if the time of the year (growing season vs. nongrowing season), type of
hydrological event (irrigation vs. rainfall), and cover crops influence K loss in runoff.
Field-scale, edge-of-field monitoring of runoff water and its soluble-K concentration
was performed on 10 site years in southeastern Arkansas across three production
seasons. The mean K loss in surface runoff per event was 0.98 kg ha=! across all
sites and events (n = 304). The relationship between loss of K mass to runoff vol-
ume was positive and significantly correlated (p < 0.0001) when both variables were
transformed by the natural logarithm. K loss during the growing season was signifi-
cantly higher (p < 0.001) in the cotton growing season whereas K loss resulting from
runoff events generated by either irrigation or rainfall was not significant. Addition-
ally. losses from fields with cover crops were significantly larger (p < —0.03) than
from fields without covers. Cumulative annual-K loss, between annual fertilizer-K
applications, averaged 32.2 kg K ha~! across all site years representing a significant
economic loss to replace the lost K with fertilizer. This study illustrates the increased
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Cotton

| Incorporated QI

Challenges for effective K management
in cotton

* Increasing reports of K deficiency
* K loss by runoff
Monitor plant nutrition
* Scouting
* Tissue-K analysis?

®" |nconsistent data in the literature...

= Different critical values reported...

= What plant tissue? Leaves?
Petioles? Both?

=  What growth stage?




Summarizing past research data
for metanalysis/correlation and
calibration ...

the
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Corn yield response to phosphorus and potassium fertilization in
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Phosphorus and potassium are key nutrients for plant physiological processes and

are required in large amounts for adequate corn (Zea mays L.) production. Corn

is a major row crop, and up-to-date soil test-based fertilizer recommendations are

required to enhance production and profitability. The results from 32 P and 42 K

field trials evaluating irrigated corn response to fertili=er D »nd K ratac wara ncad tn

(i) correlate corn’s relative yield response to Mehlict
mine the frequency and magnitude of the yield res|
calibrate fertilizer P and K rates to soil test P and K.
els identified 36 parts per million (ppm) P (> = .6:
(2 = .36, P < 0001) as the Mehlich-3 soil test P an
95% of maximum yield without fertilization. Additio
with P < 15 and > 35 ppm and K < 60 and > 120 pp
in the analyses and improve our understanding of coi
ization. The current thresholds defining soil test K lev
soil K availability and corn’s response to K fertilizat
definitions should be modified to improve the accurz
for irrigated corn. The calibration results suggest the

rates are greater than needed to maximize yield.

Fine-tune recommendations and
indicate where additional research
needs to be performed!
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Abstract

Whereas K fertilization is necessary to maximize corn (Zea mays L.) and cotton
(Gossypium hirsutumL.) yields in soils with sub-optimum K availability, maximizing
yield is rarely profit-maximizing. Estimating the tradeoff between yield and fertilizer
cost using current soil-building and/or yield-maximizing rate recommendations vs.
profit-maximizing fertilizer-K rates (KR*) provides insights for producers. Thirty-
nine and 24 fertilizer-K rate trials were used to estimate respective corn and cotton
yield response based on soil-K availability (SK). Using a field’s SK, yield potential,
yield response to fertilizer-K, crop price, and fertilizer-K cost, KR * were calculated
over the past 10 yr. Averaging over that period, using KR* at SK of 75 and 60 mg K
kg ! (a) reduced fertilizer-K rate by 10 and 38 kg K ha!, respectively, (b) decreased
yield by 53 and 32 kg ha !, respectively, and (c) increased profitability by US$1.75
and $34.24 ha™!, respectively, in comparison to current recommendations for corn.
At SK of 75 and 110 mg K kg !, cotton profitability at KR* vs. current recommen-
dations rose by $11.54 to $25.95 ha™!, respectively, using 36 and 101 kg K ha™! more
fertilizer, respectively, which led to 27 and 73 kg ha! greater yield, respectively. As
with prior studies for rice (Oryza sativa L.) and soybean [Glycine max (L.) Merr.],
corn results suggest using less fertilizer than currently recommended, whereas for
cotton, strong yield response to fertilizer-K and relatively high crop price justified

KR* that were above currently recor based decision

ded rates. A spreads}

tool is online to offer this insight to producers and crop consultants.



Fine-tuning cotton fertilizer-K recommendations

Fertilizer-K rate and price,
and application cost

PRC

POTASH RATE
CALCULATORS

Decision-support tool to define fertilizer-K
rates to maximize profitability!

Profit-Maximizing K Rate Calculator for Irrigated Cotton
as developed by Dr. M. Popp, Dr. N. Slaton, Dr. G. Drescher, K. Oliver and Dr. T. Roberts

POTASH RATE \gf =

CALCULATORS s

- - = op | .
What is your expected cotton lint price? |:> 1.00 $/Ib ™ Metric Fit to Screen |
... please be sure you added your gin rebate to your lint price. Average is $0.05/Ib of lint
Al
What do you expect to pay for muriate of potash fertilizer? :> 862 S/ton 0.72 S$/Ib of K,0
What is the cotton lint yield potential of your field? |:> 1,600 Ibs/acre What is your est. lint turnout?” 38%

... given your lint turnout you expect 4211 Ibs of seed cotton/acre

What is your soil-test K value (STK) and range? 90 ppm Soil test range +/-

What is your cost to apply fertilizer (equipment, labor, fuel or custon:> 7.50 $/acre
194,72 S/acre

Estimated Yield Response to K Fertilizer and Profit-Maximizing Application Rates for a Range of

Initial Soil-Test K Values (STK) at Specified Yield Potential
200£5.7

Profit change comparing applying at 154.4 |b K;0/acre to no fertilizer:

1,700

1,600 ——— Est. Yield (STK = 105)
g 1,500 —— Est. Yield (STK =90)
O
ey
5 1400 3 -7 T e e e Est. Yield (STK=75)
(1]
=
g 1% «  Obs. Yields (75 < STK < 105)
-
S 1200 4/ R
£ ; ©  Profit-maximizing rate +/- 95% C.1.
“ 1,100

1,000 -

900 ; . . . . . . ‘
0 25 50 75 100 125 150 175 200

Fertilizer-K Application Rate (lbs KzO/acre)
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115

..your rate in |bs of K;0/acre: 83 ]

Profit-max rate over your rate: @

-’rg}J

Print
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Fine-tuning cotton fertilizer-K recommendations

Fill || in

Additional studies are needed to have a
more robust database for fertilizer-K
correlation and calibration

How can we diagnose a K deficiency or
check the adequacy of our nutrient
management program?
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Profit-Maximizing K Rate Calculator for Irrigated Cotton PRC
as developed by Dr. M. Popp, Dr. N. Slaton, Dr. G. Drescher, K. Oliver and Dr. T. Roberts {,i’l'éﬁ{';,%}‘s -/ /"

. . . ‘D )
What is your expected cotton lint price? 1.00 $/Ib ™ Metric Fit to Screen

... please be sure you added your gin rebate to your lint price. Average is $0.05/Ib of lint
-
What do you expect to pay for muriate of potash fertilizer? 862 S/ton 0.72 S/Ib of K,0

What is the cotton lint yield potential of your field? 1,600 Ibs/acre What is your est. lint turnout?” 38%

... given your lint turnout you expect 4211 Ibs of seed cotton/acre

What is your soil-test K value {STK) and range? 130 ppm Soil test range +/- 15
The response curve turns U shaped for 117 ppm < 5TK < 177 ppm. Exercise caution when considering rate recommendations above 117 ppm 5TK.
What is your cost to apply fertilizer (equipment, labor, fuel or custom)? 7.50 S/acre ..your rate in |bs of K;0/acre: 53 "
hl
Profit change comparing applying at 0.0 Ib K;O/acre to no fertilizer: 0.00 S/acre Profit-max rate over your rate: 542,12

Estimated Yield Response to K Fertilizer and Profit-Maximizing Application Rates for a Range of

Initial Soil-Test K Values (5TK) at Specified Yield Potential =
i
Print
1,810 A
1,710 4 0+0.0 ——— Est. Yield (STK = 145)
T .
5 —— Est. Yield (STK = 130)
T 1,610
)
S e Est. Yield (STK = 115)
£ 1510
£ +  Obs. Yields (115 < STK < 145)
-
§
S 1410 s :
= A sp0 2, Profit-maximizing rate +/- 95% C.I.
o
1,210
DIVISION OF AGRICULTURE
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0 25 50 75 100 125 150 175 200

Fertilizer-K Application Rate (Ibs K;O/acre)




Cotton Response to Potassium Fertilization in

Arkansas

Objectives:
i) to evaluate cotton yield responses to K fertilization and improve the
database to calibrate fertilizer-K rates.

ii) to investigate in-season tissue-K dynamics and define critical tissue-K
concentrations that maximize corn and cotton yield.

I 2,
Cotton %; :
3y Incorporated o1 FR—ST
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Fine-tuning Fertilizer-K Rate Recommendations

Locations

* LMRCS, Convent silt loam, 53 ppm K (Very Low)
* SAREC, Captina silt loam, 114 ppm K (Medium)

e

* RRS, Sharkey & Desha silt loams, 173 ppm K (Optimum)

* 0,40, 80,120, 160, and 200 Ib K,0/ac
(0, 37,74, 112, 149, 186 kg K hat), preplant

incorporated, RBD with 4 reps

UA:
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DP2020B3XF, planted on May 8, 16 and 17

Tissue-K concentration & seedcotton yield

Cotton ﬂi{’—%

say Incorporated  SPIL
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Fine-tuning Fertilizer-K Rate Recommendations

Petiole

Fully mature
eaf blade

Tissue sampling

15 leaf & petioles/plot

8320 #1 (1 square)
- 1st square —
- 1t flower

. . ) Abaye, A., 1996
- weakly sampling until boll fill

Oven-dried, grind, acid-digest, & K
concentration analysis

Petioles Leaves

Cotton % “|‘Q T
| Incorporated QI LA
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Cotton Yield Response to Fertilizer-K Rate

Seedcotton yield in response to fertilizer-K rate at Marianna (LMCRS), Fayetteville
(SAREC), and Rohwer (RRS) locations in 2023

2023 LMCRS (Very Low STK) 2023 LMCRS Lint Tournout
o~ 5000 G »
& 4500 Qe T 6= °
894000 § _.--- A 40 A TEEEEE Ao A
~— - A—“
o 3500 N
g 3000 .
= 2500 £,
£ 2000 X
S 1500 37
T 1000
2 oo y = -0.0426x2 + 12.543x + 3717.6 36 y = -5E-05x2 + 0.0152x + 39.075
v 0 R2=0.93 R?=0.93

0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
Fertilizer-K rate (kg K ha) Fertilizer-K rate (kg K ha-1)
P <0.0031 ~20% yield increase with
0 : e e .

CV(%): 7.9 fertilization

No yield increase with rates above
our current recommendations

EEEEEEEEEEEEEEEEEEEEEE
uuuuuuuuuuu
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Cotton Yield Response to Fertilizer-K Rate

Seedcotton yield in response to fertilizer-K rate at Marianna (LMCRS), Fayetteville
(SAREC), and Rohwer (RRS) locations in 2023

2023 LMCRS (Very Low STK) 2023 SAREC (Medium STK) 2023 RRS (Optimum STK)
=~ 5000 @ =~ 5000 =~ 5000
© icnn 1 A cgremSecemeeeaal (@) r -
& 4500 oo Q-m-T (6 8 4500 & 4500
g 4000 ————— g 4000 ’_’.- ----- -. ______ ._______._ ------ . &0 4000
5 3500 5 3500 .- < 3500
@ 3000 2 3000 @ 3000
> 2500 % 2500 % 2500 Tl G
s >y g~y g 25003 9.
£ 2000 £ 2000 £ 2000 &~
S 1500 S 1500 S 1500
T 1000 1000
@ _ 2 @ y =-0.0445x2 + 9.7899x + 3353.8 T 1000
y=-0.0426x2+ 12.543x + 3717.6 9 @ | 2
g 500 R? - 0.93 S 500 RZ=0.78 g 500 y 0.0348xR2+=8(.)4§>662x +2077.7
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200 0 20 40 €0 8O0 100 120 140 160 180 200
Fertilizer-K rate (kg K ha) Fertilizer-K rate (kg K ha) Fertilizer-K rate (kg K ha)
P < 0.0031 ~20% yield increase with P <0.7496 P<0.2390
CV (%): 7.9 fertilization CV (%): 19.2 CV (%): 14.9

No yield increase with rates above
our current recommendations
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h T Home Tool Manual Feedback Funding Privacy

Soil Nutrient
K

Crop
Cotton

States/Territories

|[EER9 0

Mapped Soll Series

Years TN e
From 1949 v t—\"_____ ‘

Soil Sample Depths (in.)

Oto?2 Oto4
Otob6 Oto 12
2tob 4to12
6to 12 12 to 24
Soil Test Method - | County [ Soil Fertility Trial County [ Selected County
5 States 65 Trials
22 Counties

‘ Cotton %L_f 7I‘Q T
Incorpor. ated SOIL |...... riTouvinoarion

TESTING | SUPPORT TOOL
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Cotton Critical Leaf-K and Petiole-K concentrations

] 110 -
Jrmm -‘Q—;... ............... ®e °. 0 &\t 100 i [ S ._“* ._,_‘..!. ‘._.‘“.
b ~*e | ¢ T %7 o I °
] 4 I .g 80 - o ° | b
; E ~ 70 - : 'i
] 1 o 50 A 1
] I o 1 j
i | T 40 - i :
i I m - ‘9 Zvuxnw
i 1 3 30 ] X 1 f 8320
] IV =-16.154x + 66.804x + 31.258 @ 20 y=-18464¢+ 26.256x +3.7971 §320- IP
] i R2=0.70 2 10 A R*=0.64 : B
[ ® 1
LI L L N N L B B R L L B B L L L B Y B B B L B | 0 0 —— T T T T T T T T T T T T T T T T T
0.5 1.0 1.5 2.0 2.5 30 & 3 4 5 6 2 3 9
Examples from the Leaf K concentration (%) Petiole-K concentration (%)
literature @ flowering: ; . : .
@f ' Alsites First Flower All sites First Flower
* 2.1% critical leaf-K 110 - 110 -
< 100 ] < 100 1
cone. . 2\, S ——— m— < _—n-_-,‘!-.w---n‘"'.'. ------ o &\. 00 4 ____ ""'.T-T-'".""l ........ 7 Yovssen 0%¢0°
* ~4% petiole-K conc. T 90 - ey e | ° o 90 A e ! .
.. Q J4 0 e _ ) 1
sufficiency ¢ 80 ] . : £ 80 1 o i
~ 70 . c 70 - |
S 60 - I S 60 - I
= I s 7] 1
o 50 ] o 50 4 -
(%) 1 1 (] 1 I
g 40 ] 1 8 40 ] I
Q 30 - ! Q 30 :
v 20 1y =-75.804x2+ 181.3x - 11.408 o 20 1 y=-1.0005x%+ 13.088x + 541494
S 10 ] R? = 0.60 2 10 - R? = 0.40 1
2 0 1 T— T T T T T T T T T T T T -I| — T T T T T T 1T T E 0 i T— T T 1 T T T T T T T 7 ! — T 1 T T T 17 T 1T 1T
(<)) (<))
o 0.5 0.7 0.9 1.1 1.3 1.5 2 3 4 5 6 7 8

Cotton $

| Incorporated gﬁ( L
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Dynamic critical leaf-K concentration for rice & soybean

Tissue testing is key for in-season nutrient management!

Trifoliolate Leaf Sufficiency 24 +

. - - . ——— Sufficient (>95% relative yield)
® Field Data =——95% Sufficiency =—85% Sufficiency =—75% Sufficiency

2.2 + —— Deficient (<90% relative yield)
20 + 1
18+ il
16 +
1.4 1
12 4
104
0.8 + I

0.0 | 0.6 /-/ /-/
0 10 20 30 40 50 60 70 80 0.0 ~+-r—r—r—tr—r—r—t+r—r—r—tr—rr—t——t—t
Days After R1 Stage 0 100 200 300 400 500 600

B

% Leaf K

Critical Y-leaf K (%)

Growing degree units after R1 stage
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Cotton Response to Fertilizer-K Rate and Timing

| diagnosed a K deficiency, now what?
=  How much will it impact cotton yield?

= Can | salvage yield potential with in-season fertilization?

=  How much time do | have to apply a corrective K rate?

?
= What rate do | need to apply: DP 1646
Seeds
. . ege . . Burs
Fine-tuning fertilizer-K recommendations (ongoing): o
quares
= |Improving our fertilizer-K rate correlation and calibration database —teisiod

= Establishing critical cotton leaf- and petiole-K concentrations

= Evaluating in-season fertilization to correct K deficiency and .

maintain yield potential 0 20 40 60 80 100 120

DAP
Partitioning of K by days after planting
(DAP). Source: Pabuayon et al. (2020)

Cotton % e T

lncorporated SO IL |.... Tt omniontion
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