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Abbreviations and notes: K = potassium; UAN = urea ammonium nitrate; 
KCl = potassium chloride.

SOUTHEAST UNITED STATES

Production acreage of a specifi c crop or crop rotation at 
least partially depends on the crop prices. It has become 
more common to grow the same crop continuously for 

several years or even longer on the same fi elds for optimum 
profi t then switch to another crop due to changes in crop prices. 
Opportunities to study the nutrient management implications 
of a cropping change tend to be uncommon. Here, the residual 
effects of K, surface applied in no-till cotton for 14 years, is 
examined in successive no-till corn crops planted after cotton.             

A cotton trial was conducted at Jackson, TN during 1995 
through 2008 to evaluate the effects of K application rates on 
cotton K nutrition and yield under no-tillage. The soil was a 
Loring silt loam. The initial Mehlich 1 soil K concentration 
in 0 to 15 cm depth was 100 mg/kg, which is equivalent to 
139 mg/kg under Mehlich 3 extraction in Tennessee. Potas-
sium was applied annually at rates of 0, 28, 56, 84, 112, 140, 
and 168 kg K/ha in a randomized complete block design with 
three replicates. The K treatments were broadcast by hand to 
the soil surface as KCl before cotton planting in each season.   

A corn trial was conducted on the same fi eld from 2009 to 
2011 with the same experimental design and plot layout used 
for the previous cotton seasons. No K fertilizer was applied to 
corn during any of the three years. Corn was no-till planted in 
76-cm rows in the same direction as the previous cotton crops. 
Corn cultivar DKC69-40 was planted at 69,000 to 74,000 
seeds/ha. Each year, 3 to 4 weeks after corn planting, UAN 
was injected 6 to 8 cm deep and 20 cm away from each corn 
row at a rate of 168 kg N/ha.  

Soil Nutrient Concentrations
In the fall of 2008, prior to the initiation of the corn trial, 

soil K concentrations differed among the historical K appli-
cation rates (Table 1). It was obvious that soil K increased 
markedly as the K application rate increased. According to 
the boundaries of soil-test K in low, medium, high, and very 
high categories of <60, 60 to 96, 97 to 180, and >180 mg K/
kg, respectively, under Mehlich 3 for corn in Tennessee (Savoy 
and Joines, 2009), soil K fertility in the fall of 2008 was in the 
medium range under zero K, but high with the applications 
of 28 and 56 kg K/ha, and very high with 84, 112, 140, and 
168 kg K/ha. 

Compared with the initial soil K concentration of 139 
mg K/kg before the initiation of the previous cotton trial in 
1995, soil K had decreased under 0 and 28 kg K/ha, but had 
increased with the 56 kg/ha and above K rates during the 14 
seasons of continuous cotton production under no-tillage. Since 
application of 56 kg K/ha annually was the recommended 
rate for cotton when a soil tested high in K (Savoy and Joines, 
2009), our results showed that after 14 years of K application 

at the recommended rate via surface broadcasting, the soil K 
concentration was enhanced relative to the initial soil K fertil-
ity of 139 mg K/kg in 1995 although the K ratings for 2008 
and 1995 both fell in the high category. In contrast, the soil 
K concentration decreased from 139 to 62 mg K/kg, and the 
K rating changed from the high category to the lower limit of 
the medium range, under the zero K treatment during the 14 
years of no-till cotton production.  

At the end of fi rst year of the corn trial in the fall of 2009, 
soil K concentration differed among the K treatments (Table 
1). A similar trend was observed in the fall of 2010.  By the 
end of corn trial in the fall of 2011, soil K concentrations were 
still different among the K treatments. Applying 28, 56, 84, 
112, 140, and 168 kg K/ha resulted in higher soil K concen-
trations than zero K.

Leaf and Grain K Concentrations
Potassium applied to previous cotton exerted consistent 

residual effects on leaf K concentrations of subsequent corn 
at V6 and R1, regardless of year (Table 2). As the K applica-
tion rate went up, the increase in leaf K gradually decreased. 
However, the residual K effects on grain K were negligible. 
Unlike soil K, the residual K effects on leaf K did not diminish 
remarkably with year, regardless of K treatment. 

Campbell and Plank (2011) recommended that the range 
of adequate leaf K concentrations was 20 to 30 g/kg at V6 
and 18 to 30 g/kg at R1 for corn grown in the southern U.S. 
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Residual Potassium Effects on Corn under No-Tillage

 The residual eff ects of long-term surface broadcasting of K fertilizer to preceding cotton provided suffi  cient 
K to three successive no-till corn crops.

Table 1.  Residual effects of K applied to previous cotton crops 
on Mehlich 3-extractable soil K concentrations during 
subsequent corn production.

K applied, kg/ha

Mehlich 3-extractable soil K concentrations (fall)
2008† 2009 2010 2011
- - - - - - - - - - - - - - - - - mg/kg - - - - - - - - - - - - - - - - -

0 11162g‡ 83fl 69fl l87e
28 198f 103efl ll82ef l97d
56 162e 148de 111de 146cd
84 221d 171cd 129cd 187ab
112 259c 205c1 140bc 182bc
140 312b 260b1 192ab 206al
168 371a 315a1 231all 255al
Sig§ *** *** *** ***
*** Significant at p = 0.001.
† In 2008, a Mehlich 1 extractant was used to determine soil K concen-
trations. The concentrations were then converted to Mehlich 3 values 
using the formula: Mehlich 3 K = 1.27 × Mehlich 1 K + 12.0 (University 
of Kentucky, 2013).
‡ Means in a column followed by the same letter are not significantly 
different at p = 0.05.
§ Sig, significance.
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According to these criteria, leaf K concentrations at V6 and 
R1 from the zero K treatment were consistently far below the 
suffi ciency ranges, regardless of year, implying that corn plants 
did not have adequate K nutrition for optimum yield without 
additional K fertilization in the zero K treatment in this trial. 
However, leaf K concentrations at both V6 and R1 in all K-
applied treatments were equal to or markedly above the lower 
limit of the suffi ciency ranges, depending on the K application 
rates. Leaf K concentrations at V6 were even greater than the 
upper limit of the suffi ciency range at the 56, 80, 112, 140, 
and 168 kg/ha K rates due to luxurious uptake. Therefore, 
corn yield responses to K applications to the previous cotton 
crop were expected in all three years, based on the obviously 
defi cient leaf K concentrations from the zero K treatment 
and signifi cant increases in leaf K with K applications, if the 
recommended adequate leaf K ranges were indicative of fi nal 

corn yield. Our results suggest that application of K fertilizer 
at the recommended rate of 56 kg/ha or above to the previous 
cotton crop via surface broadcasting for 14 continuous years 
could provide a suffi cient amount of K to subsequent no-till 
corn for at least three years.  

Grain Yield
The residual effects of K application rates to previous 

cotton were not signifi cant on grain yield of subsequent corn 
in any of the three years (data not shown). Although leaf K 
concentrations at V6 and R1 were consistently and signifi -
cantly improved under the K-applied treatments, grain yield 
at harvest did not benefi t from those improvements. However, 
a signifi cant quadratic relationship was observed between corn 
yields and K application rates to previous cotton in 2010 and 
2011 (Figure 1). Generally, corn yield increased as the K rate 
went up to 94 kg/ha in 2010 and 84 kg/ha in 2011, and then 
decreased as the K rate increased further. 

Potassium Removal by Grain due to Harvest
An accurate accounting of K removal from the soil by corn 

grain due to harvest is important in corn K management plan-
ning. Potassium removal by grain ranged from 2.54 to 3.55 
kg K/t of grain at 15.5% moisture with an average of 3.10 kg 
K/t of grain in our study (Figure 2). Our results also showed 
that the K removal by grain varied with the growing seasons.

Our results are lower than the published grain K removal 
estimates. For instance, a K removal of 3.96 kg K/t of corn 
grain was reported in Alabama (Mitchell, 1999). Mallarino 
et al. (2011) estimated the K removal to be 4.46 kg K/t of 
corn grain in Iowa. Avila-Segura et al. (2011) found that the 
K removal was 3.6 kg K/t of corn grain averaged over a 6-yr 
study in Wisconsin. In the Eastern U.S., Heckman et al. 
(2001) reported that K removal by corn grain was in the range 
of 2.67 to 5.19 kg K/t of corn grain with an average of 4.00 kg 
K/t of corn grain across 23 locations in fi ve states. Preceding 
measurements of K removal indicate that K concentration in 
harvested corn grain vary considerably across locations and 

Table 2.  Residual effects of K application rates to previous cotton on leaf and grain K concentrations of subsequent corn from 2009 to 
2011.

K applied, kg/ha

 - - - - - - - - 2009 - - - - - - - -  - - - - - - - - - - - - - - - 2010 - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - 2011 - - - - - - - - - - - - - - -
Ear leaf K Grain K Leaf K Ear leaf K Grain K Leaf K Ear leaf K Grain K

R1† V6 R1 V6 R1
 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - g/kg - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

0 13.3f‡l 3.4 11.9f†ll 13.2fllll 3.7 8.9fl 13.8fllll 3.6
28 20.9ell 3.3 20.7elll 17.7elll 3.7 19.7elll 18.4elll 3.4
56 24.0de 3.9 34.5dll 22.9dll 3.8 34.6dll 24.3dll 3.8
84 25.7cd 3.5 36.7bc 24.9bc 3.5 39.9all 26.4ab 2.6
112 26.1bc 3.5 39.6ab 24.9cd 3.5 38.5bc 26.3bc 4.2
140 27.8all 3.6 39.6ab 27.1all 3.9 37.6cd 25.9cd 3.8
168 27.7ab 3.5 36.7cd 25.7ab 3.6 39.3ab 27.3all 4.2
Sig§ *** ns¶ *** *** ns *** *** ns

*** Significant at p = 0.001.
† V6, 6-leaf growth stage; R1, silking stage. 
‡ Means in a column followed by the same letter are not significantly different at p = 0.05
§ Sig, significance.
¶ ns, not significant at p = 0.05.
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2009: Y = 9.37 + 0.03954X - 0.00021X2  R2 = 0.61
2010: Y = 6.26 + 0.03393X - 0.00018X2  R2 = 0.84
2011: Y = 5.25 + 0.01849X - 0.00011X2  R2 = 0.79

Figure 1. Relationship of grain yields of corn with K application 
rates to previous cotton from 2009 to 2011.
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growing conditions, with some tendency to increase with soil 
K concentration and corn yield (Heckman et al., 2001).

So far, little is known about the variation in grain K con-
centration with grain yield of corn. The regression analysis 
showed that grain K concentration had a quadratic relationship 
with grain yield in this trial (Figure 3). Intermediate grain 
yields had lower grain K concentrations than the lower and 
higher grain yields.

Summary
The residual effects of K applications to preceding cotton 

via surface broadcasting on soil K were noticeable, and were 
strengthened as the K application rate increased. The K rates 
applied to previous cotton had consistent residual effects on 
leaf K of subsequent corn during the early to mid-season. Our 
results suggest that on no-till fi elds with high K concentrations, 
surface broadcasting of K fertilizer at the recommended rate 
of 56 kg K/ha or above to preceding cotton for over 14 years 
could provide adequate K nutrition for subsequent corn for 
at least three years without further K fertilization under no-
tillage. Potassium removal by grain ranged from 2.54 to 3.55 
kg K/t of corn grain at 15.5% moisture with an average of 3.10 
kg K/t of grain, which are lower than the published grain K 
removal estimates. BCBC
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Figure 2. Distribution of corn grain K concentrations within Box 
and Whisker plots from 2009 to 2011 and the three-year 
combined data. The median K concentration is shown 
within the box (interquartile range) while the whiskers 
represent the upper and lower quartiles of the data. 

Figure 3. Relationship of grain K concentrations with grain yields of 
corn on the 2009 to 2011 combined data.
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