since the Sufficient and Deficient categories were each 67 to 75% accurate at p < 0.25.

Leaf-K concentration was not changed by fertilizer-K application at five of the 17 site-
years, regardless of significance level (Table 2.6). Six (11, 12, 13, 14, 15, and 16) of the eight
site-years that had Optimum or Above Optimum STK levels (Table 2.2) also had among the
greatest numerical leaf-K concentrations of the 17 site-years. Trifoliolate-leaf K concentration
increased linearly (p < 0.05) as fertilizer-K rate increased at all nine site-years where fertilizer-K
was recommended and at two of the eight site-years (12 and 13) that received a recommendation
for no fertilizer-K (Table 2.6). Yin and Vyn (2004) and Clover and Mallarino (2013) also
showed frequent and significant leaf-K concentration increases as fertilizer-K rate increased.

Leaf-K concentrations were positively and weakly correlated with relative soybean yield
(r=0.37, p =0.15) and actual yield (r = 0.47, p = 0.06) of soybean receiving no-K fertilizer.
Trifoliolate leaf-K concentrations showed the strongest relationships with Mehlich-3 extractable
K in the 0-10 (r = 0.61, p = 0.009) and 0-30 or 45 cm depths (r = 0.58, p = 0.01). In contrast,
leaf-P concentration was not significantly (p >0.25) correlated with any soil or plant
measurements.

SEED NUTRIENT CONCENTRATION AND SOIL NUTRIENT AVAILABILITY

Seed-P concentrations ranged from 3.98 to 5.73 g P kg and were increased by fertilizer-
P application at four (p < 0.05, p increase = 0.24 g P kg}), five (p <0.10, p increase = 0.22 g P
kg™), or seven (p < 0.25, p increase = 0.20 g P kg?) site-years (Table 2.5). Of the seven site-
years (1, 2, 6, 8, 13, 14, and 15) with significant differences, fertilizer-P was recommended at six
site-years (1, 2, 6, 8, 14, and 15). Seed-P concentration of soybean receiving no fertilizer-P was
not correlated with Mehlich-3 STP (r = 0.24, p = 0.35), grain yield (r = 0.12, p = 0.63) or leaf-P

concentration (r = 0.29, p = 0.26) across the 17 site-years and appeared to be independent of the
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yield response to fertilizer-P. Jones et al. (1977) reported that the application of fertilizer-K
tended to suppress leaf- and seed-P concentrations and that seed-P concentrations at maturity and
leaf-P concentrations from mid-vegetative growth to the early pod formation stage were highly
correlated.

Seed-K concentrations of soybean receiving no fertilizer-K ranged from 13.61 to 19.07 g
K kg and were affected by fertilizer-K at eight (p < 0.05 and 0.10) to twelve (p < 0.25) of the 17
site-years (Table 2.6). The trend across fertilizer-K rates was linear at eight (p < 0.05 and 0.10),
or ten (p < 0.25) site-years. Seed-K concentration at site-year 15 decreased linearly as fertilizer-
K rate increased and site-year 12 also showed a similar trend that was not significant. Seed-K
concentration of soybean receiving no fertilizer-K was not significantly correlated with actual
yield (r =0.14, p = 0.58). Seed-K concentration was not affected by fertilizer-K rate at five site-
years (4, 10, 11, 12, and 16) of which only site-year 4 had suboptimal STK (Table 2.2). The leaf-
and seed-K concentrations were increased by fertilizer-K at every site-year (1, 2, 5, 7, 8 and 17)
that showed a positive (p < 0.25) yield response to fertilizer-K, with the exception of site-years 4
and 12 where only leaf-K concentrations were increased (Table 2.6).

Mean seed-K concentration was positively correlated with leaf-K concentration (r = 0.54,
p =0.03), 0-10 cm Mehlich-3 STK (r = 0.36, p = 0.15), and relative yield (r = 0.38, p = 0.13)
means suggesting that soybean with high leaf-K concentrations produce seed with relatively high
K concentrations. Similarly, soybean grown on soils with low K availability tend to produce seed
with low K concentrations and frequently respond positively to fertilizer-K. The literature
contains numerous reports of K fertilization increasing soybean seed-K concentration (Jones et
al., 1977; Yin and VVyn, 2004; Clover and Mallarino, 2013; Krueger et al., 2013; Slaton et al.,

2013; Parvej et al., 2015). Jones et al. (1977) and Yin and Vyn (2004) both reported significant
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and positive relationships between leaf- and seed-K concentrations, but there is no established
relationship between relative soybean yield and seed-K concentration. Clover and Mallarino
(2013) reported that increasing fertilizer-K rate increased soybean seed-K concentration in ten of
20 site-years but yield increases to fertilizer-K rate occurred at only five of the sites. Slaton et al.
(2013) showed fertilization with poultry litter or equivalent fertilizer-P and K rates frequently
increased seed-P and K concentrations and yield. The literature shows a clear trend for
significant yield increases to occur in fields where fertilizer-K increases seed-K concentration
and soybean yield is seldom affected by fertilizer-K when seed-K is not affected by fertilizer-K.
The positive correlation between mean seed-K and leaf-K concentrations across our 17 site-years
and the positive, linear trend for seed-K concentration to increase as fertilizer-K rate increases,
supports the aforementioned research that growing soybean with more available K than is needed
to optimize seed yield may result in luxury K accumulation in the seed and increase the K-
removal rate.
SUMMARY

The primary objectives of our research were to validate the accuracy of existing i) soil-
test-based fertilizer-P and -K rates for irrigated soybean production and ii) published trifoliolate
leaf P and K critical concentrations at the R2 growth stage to predict soybean response to
preplant fertilization. Mehlich-3 extractable P concentrations currently interpreted as Optimal or
Above Optimal (>35 mg P kg™) were highly accurate (100%) for identifying soils that did not
require fertilizer-P, but suboptimal (<35 mg P kg™*) STP levels were poor indicators (0 to 33%)
of identifying P-responsive soils. The overall accuracy of soil-test-based, fertilizer-P
recommendations was influenced by the significance level used to interpret the results with

accuracy being lowest (40%) at the 0.05 level and greatest (60%) at the 0.10 level. Based on the
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STP distribution of Arkansas soybean fields, the current fertilizer-P recommendations accurately
predicted soybean response to fertilizer-P on 38 (p < 0.05) to 62% (p < 0.10) of the production
area. The boundaries of existing STP levels need to be redefined to reduce the false positive
errors. Soils having 8 to 118 mg Mehlich-3 P kg™ were largely unresponsive to 32 kg P ha
which agrees with the vast majority of prior research in Arkansas (Slaton et al., 2011) and
accuracy would be greatest if fertilizer-P were not recommended for soils having Mehlich-3
extractable P values >8 mg P kg, Alternatively, redefining STP levels with <8 mg P kg™ as
Very Low, 9-16 mg P kg™ as Low, 16-25 mg P kg as Medium, and >26 mg P kg™ as Optimum
would reduce false positive errors. Soil samples from the 0 to 30-45 cm depths failed to improve
the relationships involving plant nutrient concentrations and relative yield.

The lack of P-responsive soils in our research prevents us from making conclusions on
the suitability of the published critical trifoliolate leaf-P concentration (2.5 g P kg™) at the R2
growth stage. The lack of a significant correlation between Mehlich-3 STP and leaf- or seed-P
concentration indicates additional research is needed to define critical leaf-P concentrations,
growth stages, and plant tissues that can identify P-deficiency of soybean and caution should be
used when using tissue P concentration to diagnose plant P nutrition.

Extraction of K from oven-dried soil (0-10 cm) with Mehlich-3 solution proved to be an
accurate indicator of irrigated soybean response to fertilizer-K. Existing fertilizer-K
recommendations identified the correct soybean response to fertilizer-K on 58 (p < 0.05) to 64%
(p <0.10) to 80% (p < 0.25) of the Arkansas acreage. Simple correlations showed that deep (0-
30 or 45 cm) soil samples failed to substantially improve the correlation between relative
soybean yield, soybean leaf-K, and STK. The correct response to fertilizer-K was affected by the

significance level used to interpret yield differences among treatments and showed that the
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overall accuracy of soil-test-based recommendations increased from 71 to 84% as significance
level increased from 0.05 to 0.25. The accuracy of the existing suboptimal STK level definitions
improved from 51% (p = 0.05) to 82% (p = 0.25) as the significance level became more liberal.
Trifoliolate leaf K concentration of soybean receiving no fertilizer-K accurately predicted the
correct yield response to fertilizer-K at 46 to 62% of the site-years with accuracy being greatest
when significance was interpreted at the 0.25 level. Eliminating the ‘Low’ level and using a
single critical concentration of <17.5 g K kg™ improved the accuracy of leaf-K concentration for
predicting soybean response to fertilizer-K to 66 or 83% when results were interpreted at <0.10
and 0.25 levels, respectively.

Properly developed soil- and tissue-test-based fertilizer recommendations should
communicate the frequency and magnitude of yield response to fertilization. Such information
allows farmers and consultants to make educated nutrient management decisions that include
both agronomic and economic considerations. Errors caused by the use of an extractant that is
weakly correlated with crop yield or from improper interpretation of soil analyses diminishes the

value of traditional and precision nutrient management technologies.
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Table 2.1. Selected soil and agronomic information for soybean trials conducted in 2013 and 2014.

Soil Classification Row Planting Previous Year
Site-Year  County Series Group T Cultivar Width Date Crop P K
-—--cm --- Fertilizer (kg ha®)

1 St. Francis Calloway AF Armor 48-R40 38 13 June Soybean 0 0
2 St. Francis Calloway AF Armor X-1316 38 13 June Soybean 0 0
3 Arkansas Dewitt TA Armor 55-R22 76 23 May Soybean 0 0
4 Lee Convent FE Armor 55-R22 97 4 June Soybean 0 0
5 St. Francis Calloway AF Armor 49R-56 38 23 May Soybean 0 0
6 St. Francis Calloway AF Armor 55-R22 38 17 June Soybean 0 0
7 St. Francis Calloway AF Armor 55-R22 38 17 June Soybean 0 0
8 Arkansas Dewitt TA Armor 47R-13 76 2 May Soybean 0 0
9 Jackson Foley/Calhoun  GN/TG  Armor X-1307 38 13 Apr Rice 0 0
10 Desha Sharkey/Desha  CE/VH  Armor 55-R22 97 9 May Soybean 0 0
11% St. Francis Calloway AF Pioneer 94Y-82 76 23 May Soybean 39 112
12 Desha Sharkey/Desha  CE/VH Armor 55R22 97 20 May Soybean 0 0
13 Desha Sharkey/Desha  CE/VH Armor 55R22 97 20 May Soybean 0 0
14 Desha Desha VH Armor 55-R22 97 9 May Soybean 0 0
15 Mississippi  Sharkey/Steele  CE/AU  Armor X-1307 97 21 June Soybean 0 0
16 Mississippi Sharkey CE Halo 49.9 97 18 June Soybean 0 0
17 St. Francis Calloway AF Armor X-1307 38 13 June Rice 0 0

T AF, Aquic Fraglossudalfs; CE, Chromic Epiaquerts; CE/AU, Chromic Epiquerts/Aquic Udifluvents; CE/VH, Chromic
Epiaquerts/Vertic Hapludolls; FE, Fluvaquentic Endoaquepts; GN/TG, Glossic Natraqualfs / Typic Glossaqualfs; TA, Typic
Albaqualfs; and VH, Vertic Hapludolls.

1 Commercial fertilizer plus 6 tons of broiler litter was applied to site-year 11 the previous year
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Table 2.2. Selected soil chemical property means (n = 3-6) from the unfertilized control plots of 17 P and K fertilization trials

conducted in 2013 and 2014.

0- to 10-cm depth

0- to 30 or O- to 45-cm depth

STP

STK

Site-Year pH P K+ Levelf  Levelf SOM§ Silt] Clay]  Depth pH Pt K+
-—-mgkg!(SD)--- e (%) ----------- (cm) ----mg kg* (SD)----
1 6.9 18(3) 88 (5) L L 2.4 79.1 15.3 0-45 5.0 6 (1) 76 (8)
2 7.0 8(2) 94 (12) VL M 2.1 67.4  29.3 0-45 57 3(1) 81 (5)
3 6.4 21(1) 102 (5) L M 1.6 79.3 13.7 0-45 6.0 8(2) 73 (8)
4 56 23(4) 83 (6) L L 1.8 80.7 10.8 0-45 55 15(4) 66 (12)
5 72 19(2) 60 (8) L VL 26 791 170 0-45 56  6(1) 50 (11)
6 6.9 9(1) 78 (4) VL L 2.1 72.7 23.0 0-45 53 6 (0) 57 (8)
7 76  19(3) 76 (4) L L 2.4 75.0 16.3 0-45 59 8 (0) 55 (8)
8 6.2 16(2) 72 (7) L L 1.6 81.2 11.9 0-45 6.2 7(1) 60 (6)
o# 55 118(19) 131(28) AO o) 3.1 55.6 15.4 0-30 56 71(23) 100 (24)
10 75  64(2) 353 (17) AO AO 3.6 414 572 0-45 7.1 52(2) 397 (14)
11 7.3 72(14) 161(21) AO O 2.4 81.6 13.1 0-45 56 19(7) 59 (8)
12 7.3  78(1) 146 (17) AO 0] 2.2 56.0 309 0-45 6.0 69(7) 170 (19)
13 7.6 50 (5) 201 (12) o) AO 3.0 53.8 429 0-30 75 41(5) 206 (10)
14 72 29(12) 157 (10) M o) 2.1 56.0 334 0-45 6.5 20(12) 193 (18)
15 6.4 25(3) 330 (16) L AO 3.9 32.2 59.8 0-30 6.5 19(2) 334 (19)
16 72 23(1) 267 (12) L AO 3.3 334 626 0-30 7.3  24(2) 287 (54)
17 72  43(9) 96 (10) @) M 2.3 70.6 23.4 0-45 57 18(6) 66 (10)

1 Number in () indicates the standard deviation from the mean.

1 Soil-test phosphorus (STP) levels categorized as VL, Very Low (<16 mg kg™l); L, Low (16 — 25 mg kg1); M, Medium (26 — 35 mg
kg1); O, Optimum (36 — 50 mg kg*); and AO, Above Optimum (>50 mg kg™). Soil-test potassium (STK) levels categorized as VL,
Very Low (<61 mg kg?); L, Low (61 — 90 mg kg?); M, Medium (91 — 130 mg kg™); O, Optimum (131 — 175 mg kg!); and AO,
Above Optimum (>175 mg kg?). VL, L, and M soil-test levels are considered suboptimal. Soil-test P and K levels from Slaton et al.

(2013).

8Soil organic matter determined by Schulte and Hopkins (1996).
Texture analysis determined by Gavlak et al. (2003).

# All means for site-year 9 were calculated from three replications.



Table 2.3. Soil-test level definitions, fertilizer rate recommendations, expected yield response to fertilization, and response
interpretation for hypothesis testing based on mean Mehlich-3 extractable P and K concentrations in the 0-10 cm depth.

Nutrient  Phosphorus} P-fertilizer Potassiumi  K-fertilizer Expected response

Levelf  concentration rate concentration rate to fertilization Increase No change  Decrease
Soil mg kg* kg hat mg kg kg hat

VL <15 32 <60 148 Increase Correct Incorrect Incorrect

L 16-25 32 61-90 112 Increase Correct Incorrect Incorrect

M 26-35 0 91-130 56 Increase Correct Incorrect Incorrect

) 36-50 0 131-175 0 No Change Incorrect Correct Incorrect

AO >51 0 >176 0 No Change Incorrect Correct Incorrect

Tissue§ g kgt g kgt

D <25 <15.0 Increase Correct Incorrect Incorrect

L NA 15.0-18.9 Increase Correct Incorrect Incorrect

S >2.5 >19.0 No Change Incorrect Correct Incorrect

1 Nutrient level abbreviations for soil: VL, very low; L, low, M, medium; O, Optimum; and AO, above optimum. Nutrient level
abbreviations for tissue: D, deficient; L, low; and S, sufficient.

£ {Phosphorus and K concentration values for soil when the Mehlich-3 extractant is used.
8Tissue critical concentrations as suggested by Mills and Jones (1996) for P and Slaton et al. (2010) for K.
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Table 2.4. Expected and actual soybean yield response to P, K, or P and K fertilization compared to a no P or K control at 17 research
sites established during 2013 and 2014.

Expected Yield Recommended Compared to soybean receiving no fertilizer P or K
Response P K Base Yield§ Recommended P Only K Onlyf
Site- Difference Difference Difference
yeart P K  --—-kgha?--—-- kg ha't (kghaly#  p-valuett  (kgha?) p-value (kg hat) p-value
1 I I 32 112 3349 361 <0.01 -57 0.64 150 0.23
2 I I 32 56 2935 271 0.06 242 0.11 448 <0.01
3 I I 32 56 4142 -161 042 44 0.83 -210 0.32
4 I I 32 112 3911 714 0.02 69 0.82 724 0.03
511 I I 32 148 3462 948 <0.01 -52 0.71 893 <0.01
6 I I 32 112 3732 168 0.30 248 0.13 135 041
7 | | 32 112 4143 109 0.47 -114 0.45 114 0.45
8 I I 32 112 3554 275 0.05 93 0.49 476 <0.01
988 NC NC 0 0 5060 NA NA 211 0.59 -139 0.68
10 NC NC 0 0 5073 NA NA -30 0.65 112 0.09
11 NC NC 0 0 4605 NA NA -47 0.73 144 0.30
12 NC NC 0 0 3701 NA NA 214 0.17 312 0.05
13 NC NC 0 0 4377 NA NA -24 0.87 163 0.26
14 I NC 32 0 5388 146 0.08 146 0.08 147 0.07
1519 I NC 32 0 5060 -173 0.29 -173 0.29 -7 0.97
1619 I NC 32 0 3689 -59 0.53 -59 0.53 -31 0.77
17 NC I 0 56 5245 290 0.01 -41 0.70 290 0.01

T See table 2.2 for soil-test P and K levels at each site.

1 Expected yield response to fertilization: I, increase when soil-test level is Very Low, Low, or Medium; NC, no change when soil-test
level is Medium, Optimum, or Above Optimum; and D, decrease (not expected at any soil-test level but a possible outcome).

8Yield of plots that received no P or K fertilizer.

9’K Only’ evaluated the yield response to 56 kg K ha™* (site-years 1, 2, 3, 9, 10, 11, 12, 13, 15, 16, and 17), 112 kg K ha'! (site-years 4,
5,6, 7, and 8), and 148 kg K ha’* (site-years 14).

#Yield difference of the ‘Recommended’, ‘P Only’, and ‘K Only’ treatments subtracted from the ‘Base Yield’ column.

t1p-value of the yield difference of the ‘Recommended’, ‘P Only’, and ‘K Only’ columns compared to no fertilizer.

11All means for site-year 5 were calculated from ten replications.

88AIll means for site-year 9 were calculated from three replications. Both ‘P Only’ comparison treatments received a uniform rate of K
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(56 kg K ha't).

99°K Only’ for site-years 15 and 16 are comparing treatments that received a uniform rate of P (32 kg P ha?).

Table 2.5. Soybean yield and trifoliolate leaf-P (R2 stage) and seed-P concentrations as affected by fertilizer-P application rate at 17
site-years.

Rec-P Grain Yield} Trifoliolate Leaf-P Concentration} Seed-P Concentration}
Site-Year} rate NoP  WithP p-value§ No P With P p-value NoP  WithP p-value
kghal - L e — O T — g kgt ------
1 32 3499 3579 0.52 4.22 4.08 0.47 4.40 4.60 <0.01
2 32 3384 3207 0.22 3.09 3.27 0.09 3.98 4.32 0.02
3 32 3932 3980 0.82 3.13 3.27 0.32 4,52 4.53 0.86
4 32 4636 4625 0.97 4.22 4.18 0.89 5.65 5.73 0.44
59 32 4355 4299 0.69 3.28 3.46 0.03 4.90 4.95 0.54
6 32 3867 3901 0.84 2.21 2.29 0.39 4.45 4.65 0.01
7 32 4257 4252 0.98 3.23 3.25 0.90 4.98 5.03 0.69
8 32 4031 3829 0.14 3.18 3.28 0.27 4.50 4.70 0.13
o# 0 4920 4710 0.59 2.66 2.79 0.34 5.00 4,93 0.53
10 0 5073 5043 0.65 3.54 3.49 0.71 4.44 4.52 0.41
11 0 4605 4557 0.73 3.64 3.84 0.10 5.35 5.37 0.83
12 0 3701 3487 0.17 4.05 4.12 0.42 4.81 4.85 0.78
13 0 4377 4353 0.87 4.35 441 0.68 4.61 4,73 0.08
14 32 5388 5534 0.08 3.39 3.43 0.74 4.25 4.38 0.16
15 32 5060 4887 0.29 4.46 4.45 0.90 4.82 5.05 0.04
16 32 3689 3630 0.53 3.98 4.07 0.33 5.56 5.55 0.92
17 0 5245 5204 0.70 4.48 4.67 0.03 4.69 4,75 0.42

+See table 2.2 for soil-test P and K levels at each site.

1For ‘Grain Yield’, ‘Trifoliolate Leaf-P Concentration’, and ‘Seed-P Concentration’, both the ‘No P’ and ‘With P’ columns contained
uniform rates of 0 kg K ha* (site-years 10, 11, 12, 13, 14, 15, 16, and 17), 56 kg K ha (sites-years 1, 2, 3 and 9), and 112 kg K ha!
(site-years 4, 5, 6, 7 and 8).

8The p-value of the ‘Grain Yield’, ‘Trifoliolate Leaf-P Concentration’, and the ‘Seed-P Concentration’ difference found by
subtracting the ‘No P’ treatment from the ‘With P’ treatment.

TAIl means for site-year 5 were calculated from ten replications.

#All means for site-year 9 were calculated from three replications.
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Table 2.6. Soybean yield and trifoliolate leaf-K (R2 stage) and seed-K concentrations as affected by fertilizer-K application rate at 17
site-years.

Grain Yield Leaf-K Concentration Seed-K Concentration
Site- Fertilizer-K Rate Fertilizer-K Rate Fertilizer-K Rate
Yearf  Rec-K 0 56 112 148  p-valuef Linear§ 0 56 112 148  p-value Linear 0 56 112 148  p-value Linear
kgKhal = ---emeoeeee kg hat ---------- e T R —

1 112 3292 3579 3710 3621  <0.01 <001 1746 1918 2095 2254 <001 <001 1467 1535 1563 1595 <001 <0.01
2 56 3178 3207 3506 3559 0.06 002 1266 1311 1492 1580 <001 <001 1518 1572 1652 16.30 0.02 0.02
3 56 4185 3980 4165 4306 0.83 049 1770 1935 1983 1938 <001 0.01 1690 1655 1663 16.50 0.19 0.26
4 112 4008 4218 4625 4171 0.17 042 1735 1890 2128 2163 <001 <001 1907 1870 1927 1950 0.78 0.22
5 148 3410 3932 4299 4410 <0.01 <001 1108 1482 1676 1797 <001 <001 1361 1499 1596 1645 <001 <001
6 112 3980 3862 3901 3955 0.58 091 1116 1368 1599 1686 <001 <001 1633 1672 1705 17.10 003 <001
7

8

==

112 4029 4118 4252 4278 0.13 010 1439 1742 1895 1999 <001 <001 1712 1763 1817 1818 0.02 0.03
112 3647 3908 3829 3724 0.12 075 1440 1592 1722 1802 <001 <001 1463 1615 1737 1782 <001 <001

O 0 4813 4920 4728 4676 0.28 063 1450 1538 1697 1574 031 041 1613 1660 1650 16.83 0.13 0.14
10 0 5073 5184 5095 5082 0.32 086 1764 1950 1935 19.03 0.02 009 1640 1607 1638 16.55 0.79 0.36
1 0 4603 4748 4544 4549 0.93 043 1876 1885 1895 1949 0.50 019 1888 1910 1867 19.12 0.82 0.90
12 0 3638 4013 3864 3844 0.10 066 2078 2186 2279 2219 0.03 005 1853 1843 1835 1785 0.46 0.26
13 0 4398 4539 4424 4353 0.56 070 1962 2042 2201 2314 <001 <001 1730 1778 1823 1815 0.01 0.03
14 0 5534 5473 5502 5526 0.61 098 2029 2062 2005 2067 0.83 086 1563 1605 1583 1592 0.17 040
15 0 4887 4881 4998 4970 0.68 057 2267 2293 2295 2277 0.64 083 1733 1655 1650 16.30 0.01 0.03
16 0 3630 3599 3699 3540 0.84 070 1795 1828 1822 1872 042 036 1842 1877 1833 1895 0.39 0.46

17 56 5191 5535 5546 5742  <0.01 <001 1711 1890 2091 2111 <001 <001 1542 1582 1588 15.63 017 031

+See table 2.2 for soil-test P and K levels at each site.

Ip-value under ‘Grain Yield’, ‘Leaf-K Concentration’, and ‘Seed-K Concentration’ headings are for the average of the treatments
receiving 56, 112, and 148 kg K ha* compared to the treatment receiving 0 kg K ha*. Zero kg P ha* (site-years 9, 10, 11, 12, 13, and
17) and 32 kg P ha* (site-years 1, 2, 3, 4, 5, 6, 7, 8, 14, 15, and 16) was included in the four treatments.

§Linear trend analysis p-value of the 0, 56, 112, and 148 kg K ha rate effects on ‘Grain Yield’ ‘Leaf-K Concentration’, and ‘Seed-K
Concentration’.

TAIl means for site-year 5 were calculated from ten replications.

#All means for site-year 9 were calculated from three replications.
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Table 2.7. Accuracy of soil-test P and K interpretations at significance levels of 0.05, 0.10, and 0.25 and assuming an equal land area
distribution within each soil-test category for each of three evaluations.

Total Yield response to fertilization]
Evaluation Categoryt  Sites | NC D [ NC D I NC D
----------- p<0.05 ------m-m-m-- ---------p<0.10 - - p=<0.25 -

Recommendation P&K 8 4 4 0 5 3 0 5 3 0
P Only 3 0 3 0 1 2 0 1 2 0
K Only 1 1 0 0 1 0 0 1 0 0
Neither-P 5 0 5 0 0 5 0 0 4 1
Neither-K 5 1 4 0 2 3 0 2 3 0

Accuracy§ 17 58% 64% 64%
P response VL 2 0 2 0 0 2 0 0 1 1
L 8 0 8 0 0 8 0 0 7 1
M 1 0 1 0 1 0 0 1 0 0
o) 2 0 2 0 0 2 0 0 2 0
AO 4 0 4 0 0 4 0 0 3 1

Accuracy§ 17 40% 60% 55%
K response VL 1 1 0 0 1 0 0 1 0 0
L 5 1 4 0 1 4 0 4 1 0
M 3 1 2 0 2 1 0 2 1 0
o) 4 0 4 0 1 3 0 1 3 0
AO 4 0 4 0 0 4 0 0 4 0

Accuracy8 17 71% 72% 84%

T Category explanation: The ‘Recommended’ evaluation is based on Table 2.4 using the recommended rate of fertilizer-P, fertilizer-K
or both compared to the yield soybean receiving no fertilizer-P or -K. The P-response (Table 2.5) and K-response (Table 2.6)
categories are based on soybean yield response to fertilization with P or K when the other nutrient is supplied in sufficient amounts or
at an optimal level in the soil.

I Yield response to fertilization: I, increase; NC, no change; and D, decrease when differences are interpreted at the 0.05, 0.10, and
0.25 significance levels. Values in the cells indicate the number of site-years within each category and response. The shaded cells are
the expected response based on the interpretation of current soil-test P and K based recommendations.

8 Accuracy calculated as the weighted mean of each category.



Table 2.8. Accuracy of soil-test P and K interpretations when p = 0.05, 0.10, and 0.25 using the
actual distribution of soybean area within each soil-test level (DelLong et al., 2015).

Percent Soil-test Significance level
Nutrient Acrest level} 0.05 0.10 0.25
(%) Accuracy (%) §
P response 12 Very Low 0 0 0
26 Low 0 0 0
24 Medium 0 24 24
22 Optimum 22 22 22
16 Above optimum 16 16 12
Cumulative Accuracyf 38 62 58
K response 7 Very Low 7 7 7
26 Low 5 5 21
32 Medium 11 21 21
15 Optimum 15 11 11
20 Above optimum 20 20 20
Cumulative Accuracy 58 64 80

T Percent distribution of the soil sampled acres in Arkansas within each soil-test level.

T Soil-test level definitions given in Table 2.3

8 The accuracy value indicates the percent accuracy of each soil-test level calculated as a
weighted average of the percent of acres in Arkansas.

 The cumulative accuracy is the sum of the accuracy within each soil-test level calculated as
[(Percent acres x Accuracy) + 100].
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Table 2.9. Accuracy of soybean trifoliolate leaf-P and -K concentration interpretations at the R2 stage for predicting grain yield
response to fertilization at three significance levels (0.05, 0.10, and 0.25).

Trifoliolate Total Yield response to fertilizer
Parametert nutrient levelf  Sites§ I NC D I NC D I NC D
----------- p<0.05----------  -----———--p<0.10 -=----------  -—-—----- P £0.25 -

P response Deficient 1 0 1 0 0 1 0 0 1 0
Sufficient 16 0 16 0 1 15 0 1 12 3

Accuracy 50% 47% 38%
K response Deficient 6 1 5 0 2 4 0 4 2 0
Low 7 2 5 0 2 5 0 3 4 0
Sufficient 4 0 4 0 1 3 0 1 3 0

Accuracy 48% 46% 62%

+ Soybean response to P (0 kg ha™t compared to 32 kg ha™) with the same K rate (recommended rate for both compared treatments: 0,
56, 112, or 148 kg ha) or soybean response to K (0 kg ha* compared to the average of the 56, 112, and 148 kg ha* rates) with the
same P rates (recommended rate for both compared treatments: 0 kg ha* or 32 kg ha™?).

I Trifoliolate nutrient level: Deficient, < 2.5 g P kg™ and < 15.0 g K kg; Low: N/A for P, 15.0-18.9 g K kg; Sufficient: >2.5 g P kg’
Land >19.0 g K kg™,

8 Total Sites is the number of site-years in each trifoliolate nutrient level. Accuracy is calculated as an equally weighted mean of each
trifoliolate nutrient level.

1 Yield response to fertilization: I, increase; NC, no change; and D, decrease when alpha values= 0.05, 0.10, 0.25. The numbers in the
columns are the number of sites within each response category. Cells that are shaded indicate the expected response used to calculate
accuracy within each level or overall accuracy (equally weighted among categories).



Figure 2.1. Mehlich-3 phosphorus (a) and potassium (b) mean concentrations from the 0-30
(clayey soil) or 0-45 (loamy) cm soil depth regressed against the mean concentrations from the
0-10 cm soil depth from 17 site-years of soybean research.
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Appendix 2.1. Mehlich-3 soil chemical property means (n = 3 - 6) from the unfertilized control in P and K fertilization soybean trials

conducted in 2013 and 2014.

Site- 0-10 cm depth 0-30 or 0-45 cm depth¥
Year Ca Mg S Na Fe Mn Zn Cu B Ca Mg S Na Fe Mn Zn Cu B
-------------------- - T L S —

1 1487 224 9 33 242 445 23 17 0.2 958 14 31 93 224 215 15 16 00

2 1542 326 6 39 142 445 24 19 01 1122 308 48 67 152 189 12 15 00

3 981 152 7 106 210 2% 06 07 021 1015 183 21 176 151 232 04 06 0.1

4 758 143 10 10 193 196 15 09 01 700 142 11 22 188 144 18 15 0.0

5 1813 301 8 23 334 323 18 14 04 1210 255 29 63 208 207 08 09 02

6 1482 334 6 32 136 506 23 11 03 775 331 54 73 155 19 09 08 03

7 2183 320 10 46 377 33 15 14 05 1301 275 18 109 277 295 10 10 0.3

8 845 144 5 89 239 247 08 07 03 1083 249 14 177 143 188 06 0.7 0.2
9f 973 102 15 21 498 145 43 14 02 1071 115 14 27 413 271 25 14 0.2
10 4528 847 7 82 337 192 37 29 08 4192 1028 40 256 373 109 41 49 07
11 1691 323 16 46 333 298 34 17 05 1122 292 23 121 246 197 13 08 0.3
12 2562 684 5 80 364 124 22 25 05 2178 1005 23 199 472 36 13 19 03
13 3347 949 5 80 323 134 26 28 08 3219 1213 10 200 346 93 20 28 05
14 2110 544 8 99 319 165 21 21 03 1813 848 20 317 339 91 20 30 02
15 4315 898 10 57 312 70 41 53 07 4559 948 17 109 369 64 42 55 08
16 4777 1281 5 57 295 51 36 55 08 4704 1292 11 9% 39 48 35 59 08
17 1988 293 18 48 548 228 54 19 04 1248 233 27 82 324 228 25 15 0.1

T See Table 2.1 for site depth.
TAll means for site 9 were calculated from three replications.
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Appendix 2.2. Treatment structure for soybean sites established in 2013 and 2014,

Fertilizer Rate

TRT 1 TRT 2 TRT 3 TRT 4 TRT 5 TRT 6
Site-Year P K P K P K P K P K P K
----------------------------------------- kg hal -

1 32 0 32 56 32 112 32 148 0 56 0 0

2 32 0 32 56 32 112 32 148 0 56 0 0

3 32 0 32 56 32 112 32 148 0 56 0 0

4 32 0 32 56 32 112 32 148 0 112 0 0

5 32 0 32 56 32 112 32 148 0 112 0 0

6 32 0 32 56 32 112 32 148 0 112 0 0

7 32 0 32 56 32 112 32 148 0 112 0 0

8 32 0 32 56 32 112 32 148 0 112 0 0

9 0 0 0 56 0 112 0 148 32 56 0 0

10 0 0 0 56 0 112 0 148 32 0 0 0

11 0 0 0 56 0 112 0 148 32 0 0 0

12 0 0 0 56 0 112 0 148 32 0 0 0

13 0 0 0 56 0 112 0 148 32 0 0 0

14 32 0 32 56 32 112 32 148 0 148 0 0

15 32 0 32 56 32 112 32 148 0 0 0 0

16 32 0 32 56 32 112 32 148 0 0 0 0

17 0 0 0 56 0 112 0 148 32 0 0 0

tAbbreviation: TRT, treatment.
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Appendix 2.3. Trifoliolate leaf-P concentrations from samples taken in soybean at the R1 to R2 growth stage.

Trifoliolate-P Concentration

Site-Year TRT 17 TRT 2 TRT 3 TRT 4 TRTS TRT6 p-value LSD 0.05 LSD0.25

-------------------- - g kgt L e —
1 4.31 4.08 4.06 4.29 4.22 4.39 0.49 NS NS
2 3.37 3.27 3.25 3.24 3.09 3.05 0.05 0.22 0.12
3 3.18 3.27 3.22 3.15 3.13 3.20 0.93 NS NS
4 4.30 4.05 4.34 4.34 4.42 4.29 0.84 NS NS
5% 3.75 3.55 3.46 3.37 3.28 3.69 <0.01 0.17 0.10
6 241 2.33 2.29 2.25 2.21 2.28 0.42 NS NS
7 3.37 3.22 3.25 3.29 3.23 3.08 0.44 NS NS
8 3.44 3.40 3.28 3.44 3.18 3.46 0.02 NS 0.11
o8 2.68 2.66 2.62 2.61 2.79 2.65 0.78 NS NS
10 3.53 3.74 3.53 3.51 3.49 3.54 0.37 NS NS
11 3.59 3.64 3.48 3.54 3.84 3.68 0.18 NS 0.16
12 4.07 3.94 3.97 3.91 4.12 4.02 0.37 NS NS
13 441 4.12 4.33 4.37 441 4.29 0.44 NS NS
14 3.35 3.48 3.35 3.43 3.39 3.37 0.85 NS NS
15 4.45 4.42 4.48 4.45 455 4.36 0.22 NS 0.09
16 4.07 3.88 3.92 3.97 4.01 3.95 0.56 NS NS
17 4.50 454 4.46 4.48 4.67 4.45 0.25 NS 0.11

tAbbreviation: TRT, treatment.
TAll means for site 5 were calculated from ten replications.
8AIl means for site 9 were calculated from three replications.
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Appendix 2.4. Trifoliolate leaf-K concentrations from samples taken in soybean at the R1 to R2 stage.

Trifoliolate-K Concentration

Site-Year TRT 17 TRT 2 TRT 3 TRT 4 TRTS TRT6 p-value LSD 0.05 LSD 0.25

------------------------------ e S — L e —
1 17.46 19.18 20.95 22.54 19.50 17.83 <0.01 1.99 1.14
2 12.66 13.11 14.92 15.80 14.91 10.79 <0.01 1.42 0.81
3 17.70 19.35 19.83 19.38 18.89 18.22 0.05 1.46 0.84
4 17.35 18.90 21.28 21.63 21.70 17.77 <0.01 1.69 0.97
5% 11.08 14.82 16.76 17.97 16.78 10.82 <0.01 0.97 0.56
6 11.16 13.68 15.99 16.86 15.54 11.49 <0.01 161 0.92
7 14.39 17.42 18.95 19.99 19.53 13.53 <0.01 2.00 1.14
8 14.40 15.92 17.22 18.02 16.42 14.62 <0.01 1.09 0.62
o8 14.50 15.38 16.97 15.74 15.97 15.98 0.82 NS NS
10 17.64 19.50 19.35 19.03 18.97 18.04 0.19 NS 0.98
11 18.76 18.85 18.95 19.49 18.06 19.20 0.32 NS NS
12 20.78 21.86 22.79 22.19 20.94 21.27 0.13 NS 0.94
13 19.62 20.42 22.01 23.14 19.55 19.27 0.01 1.60 0.92
14 20.29 20.62 20.05 20.67 20.21 20.21 0.98 NS NS
15 22.67 22.93 22.35 22.77 22.37 22.89 0.90 NS NS
16 17.95 18.28 18.22 18.72 18.69 17.52 0.49 NS NS
17 17.11 18.90 20.91 21.11 17.58 17.41 <0.01 1.79 1.02

tAbbreviation: TRT, treatment.
TAll means for site 5 were calculated from ten replications.
8AIl means for site 9 were calculated from three replications.
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Appendix 2.5. Phosphorus concentrations of soybean seed harvested at physiological maturity.

Seed-P Concentration

Site-Year TRT 17 TRT 2 TRT 3 TRT 4 TRTS TRT6 p-value LSD 0.05 LSD 0.25

-------------------- -g kgt T e —
1 3.76 4.60 4.53 457 4.40 4.53 0.10 NS 0.08
2 4.38 4.32 4.25 4.33 3.98 4.33 0.06 NS 0.15
3 4.53 4.53 4.67 4.58 4.52 4.53 0.60 NS NS
4 5.88 5.55 5.73 5.97 5.65 5.62 <0.01 0.22 0.13
5% 5.10 491 4.95 5.01 4.90 4.93 0.14 NS 0.09
6 4.65 4.57 4.65 4.60 4.45 4.50 0.06 NS 0.09
7 4.95 5.05 5.03 5.10 4.98 4.98 0.84 NS NS
8 4.63 4.70 4.70 4.78 4.50 4.53 0.25 NS 0.15
o8 4.90 5.00 5.07 5.07 4.93 4.87 0.31 NS NS
10 4.43 4.30 4.42 4.43 4.52 4.45 0.47 NS NS
11 5.37 5.30 5.23 5.35 5.37 5.32 0.92 NS NS
12 4.85 4.83 4.72 4.67 4.85 4.78 0.66 NS NS
13 4.62 4.63 4.67 4.60 4.73 4.60 0.54 NS NS
14 4.32 4.42 4.22 4.38 4.25 4.20 0.13 NS 0.11
15 5.05 4.87 4.88 4.72 4.77 4.87 0.17 NS 0.15
16 5.55 5.63 5.48 5.73 5.60 5.52 0.17 NS 0.12
17 4.67 4.67 457 4.50 4.75 4.70 0.13 NS 0.11

+Abbreviation: TRT, treatment.
TAIll means for site 5 were calculated from ten replications.
8AIl means for site 9 were calculated from three replications.
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Appendix 2.6. Potassium concentrations of soybean seed harvested at physiological maturity.

Seed-K Concentration

Site-Year TRT 17 TRT 2 TRT 3 TRT 4 TRTS TRT6 p-value LSD 0.05 LSD 0.25

----------------------------- e S L e —
1 14.67 15.35 15.63 15.95 15.25 14.68 <0.01 0.45 0.26
2 15.18 15.72 16.52 16.30 15.50 14.83 0.01 0.99 0.57
3 16.90 16.55 16.63 16.50 16.65 16.58 0.84 NS NS
4 19.07 18.70 19.27 19.50 19.38 18.50 0.10 NS 0.46
5% 13.61 14.99 15.96 16.45 15.85 13.42 <0.01 0.54 0.31
6 16.33 16.72 17.05 17.10 17.03 16.33 0.07 NS 0.39
7 17.12 17.63 18.17 18.18 18.18 17.22 0.04 0.88 0.50
8 14.63 16.15 17.37 17.82 17.05 15.22 <0.01 0.81 0.46
o8 16.13 16.60 16.50 16.83 16.23 16.13 0.40 NS NS
10 16.40 16.07 16.38 16.55 16.35 16.43 0.71 NS NS
11 18.88 19.10 18.67 19.12 18.65 18.38 0.41 NS NS
12 18.53 18.43 18.35 17.85 17.95 18.18 0.75 NS NS
13 17.30 17.78 18.23 18.15 17.93 17.58 0.11 NS 0.41
14 15.63 16.05 15.83 15.92 16.08 15.53 0.25 NS 0.31
15 17.33 16.55 16.50 16.30 16.27 16.53 0.14 NS 0.48
16 18.42 18.77 18.33 18.95 18.83 18.30 0.37 NS NS
17 15.42 15.82 15.88 15.63 15.22 15.07 0.09 NS 0.37

tAbbreviation: TRT, treatment.
TAll means for site 5 were calculated from ten replications.
8AIl means for site 9 were calculated from three replications.


















same for site-year 6. The results suggest that the two lower K rates may have been insufficient to
increase rice yield (site-years 6 and 10) or to influence stalk strength and prevent lodging (site-
year 14). Although site-year 9 was the only site to display a negative, linear trend, the
recommended fertilizer-K rate produced the greatest numerical yield, which was no different (p
< 0.25) than rice receiving no K.

The overall accuracy of STP and STK interpretations for rice calculated with each soil-
test level receiving equal weighting was slightly different among the three significance levels at
which responses were interpreted (Table 3.7). The current soil-test interpretations (Table 3.3) for
the fertilizer-P and -K rates accurately predicted the yield response to the recommended
fertilization at four (p < 0.10) or six (p < 0.25) of the 16 site-years (Table 3.7) making the
recommendations 27 (p <0.05 and 0.10) to 33% (p < 0.25) accurate. The accuracy of
recommendations for fields that had suboptimal STP and STK levels improved at the 0.25 level
with two correct predictions. The more liberal (p < 0.25) evaluation of the results allows for
smaller yield increases and decreases to be significant.

The accuracy of the soil-test-based fertilizer-P recommendations, when K was non-
limiting, was unaffected by the significance level and correctly predicted rice response to P
fertilization at five site-years which received a recommendation for no fertilizer-P (Table 3.7).
The overall accuracy of fertilizer-P recommendations was 35%, but the existing
recommendations failed to predict the correct rice response to P fertilization at the 10 site-years
having suboptimal STP levels. The failure of STP to accurately predict flood-irrigated rice yield
response to fertilizer-P has been shown repeatedly in the literature (Shahandeh et al., 1994;
Wilson et al. 1999; Slaton et al., 2006).

The overall accuracy of soil-test-based fertilizer-K recommendations decreased slightly
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from 20% (p < 0.05 and 0.10) to 14% (p < 0.25) as the statistical interpretation changed from
conservative to liberal (Table 3.7). Soil-test K accurately predicted rice yield response to
fertilizer-K at only three (p < 0.25) or four site-years (p < 0.05 and 0.10). The recommendations
contained both ‘false positive’ and ‘false negative’ errors by suggesting fields would respond
positively to fertilizer-K when they did not or indicating fields did not require fertilizer-K when
they did, respectively. Current STK guidelines would have correctly predicted the measured
yield response to fertilizer-K at 77% of the 31 site-years included in Slaton et al. (2009). The
reason for the large difference in the accuracy of fertilizer-K recommendations between these
two datasets is not clear. Long-term studies summarized by De Datta and Mikkelsen (1985) and
Dobermann et al. (1996) clearly show that yield loss caused by K deficiency can be substantial
when soil becomes K depleted and warrants that research develop more accurate soil test or
tissue analysis methods or that farmers maintain soil-K fertility by replacing K that is removed
by each harvested crop.

The accuracy of soil-test-based fertilizer-P and -K recommendations calculated using the
percentage rice acreage distributed among the five soil-test levels was 19% for P at all three
significance levels and ranged from 22 (p < 0.25) to 34% (p < 0.05 and 0.10) for K (Table 3.8).
The majority of error in P and K recommendations occurred when availability was considered
suboptimal (Very Low, Low, and Medium levels) suggesting that the accuracy could be
improved by interpreting field-trial results at the 0.10 significance level and lowering the critical
STK concentrations that trigger fertilizer-K application. The costs associated with fertilization
could also be minimized by making conservative rate recommendations for rice, clearly
communicating that fertilizer is sometimes recommended to simply maintain soil fertility, and

exploring the feasibility of applying two-years of fertilizer in a single application to the most
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responsive crop grown in the rotation.
PLANT NUTRIENT CONCENTRATION AND SOIL NUTRIENT AVAILABILITY

Whole-plant P concentrations at the V6-VV7 (midtillering) stage of rice receiving no-P
ranged from 1.40 to 3.60 g P kg™t among locations and were significantly (p < 0.25) increased by
fertilizer-P application at 10 of the 16 site-years (Table 3.5). Site-years 5, 9, and 10 had tissue P
concentrations < 2.0 g P kg that would have been considered P deficient by Slaton et al. (2006).
Seven (site-years 1, 2, 4, 5, 8, 9, and 10; p < 0.10 and 0.25) or six (excluding site 4; p < 0.05) of
the 10 site-years having suboptimal STP levels had greater tissue-P concentrations when
fertilizer-P was added, but dry matter (data not shown) was increased at only two (1 and 8) of the
11 site-years. Rice P concentration was increased by fertilizer-P at two (site-years 12 and 14; p <
0.25) of the six fields that had Optimal or Above Optimal STP levels. At site-year 16, V6-V7
stage dry matter (data not shown) and grain yield were increased by fertilizer-P application
despite the soil having 61 mg Mehlich-3 P kg and a pH of 7.6 in the top 10 cm. The critical V6-
V7 stage tissue-P concentration of 2.0 g P kg™ suggested by Slaton et al. (2006) was a more
accurate predictor of yield response (Table 3.9) than was STP (Table 3.7). The overall accuracy
of tissue-P concentration interpretations decreased from 50 (p = 0.05 and 0.10) to 39% (p = 0.25;
Table 3.9) as the statistical interpretation became more liberal. These results suggest that neither
Mehlich-3 STP nor tissue-P concentration at the VV6-V7 stage are highly accurate predictors of
rice response to fertilizer-P. However, use of early-season (i.e., preflood) tissue-P concentration
may be a promising method that warrants additional research.

Mehlich-3 STP in the 0 to 10 (r = 0.78, p = 0.0003) and 0 to 30-45 (r = 0.62, p = 0.0106)
cm depths were each positively correlated with whole-plant P concentration at the V6-V7 stage.

Mehlich-3 STP from neither the 0 to 10 (r =-0.20, p = 0.4621) nor the 0 to 30-45 cm (r = -0.30,
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p = 0.2564) depths was correlated with relative rice yield, but each showed a significant,
negative correlation with the absolute yield (r = 0.56-0.59) of rice that received no fertilizer-P.
While this trend could be coincidence, the negative relationship suggests that the production of
high rice yields is not favored by high soil-P availability. The negative effect of high soil-P
availability could be due to nutrient interactions (e.g., Zn), increased lodging, or other reasons
that are not yet clear but likely involve the increase in soil-P availability that usually occurs
under anaerobic conditions. For example, Zn deficiency may be exacerbated by high soil-P
availability and high pH (Martens and Westermann, 1991). When the means from site-years with
clayey soils were omitted from the correlation dataset (n=11) Mehlich-3 STP in the 0-45 cm
depth was weakly correlated with relative rice yield (r = 0.46, p = 0.1515), but STP in the 0-10
cm soil depth was not (r = 0.22, p = 0.5134). The improvement in correlation from omitting
clayey soils suggests that loamy and clayey soils may require different recommendations, soil
textures should be separated for correlation-calibration analyses, and STP in the soil profile may
be a better predictor of rice response to fertilizer-P than is STP in the top 10 cm. Additional
research is needed to clarify whether deep soil samples are indeed a better indicator of soil-P
availability for rice.

Fertilizer-K significantly (p < 0.25) increased whole-plant K concentrations at the R2-R3
(late boot) stage in 11 (2, 3,4, 5,7, 8,9, 10, 11, 12, and 16) of the 16 site-years (Table 3.6).
Whole-plant K concentrations of rice receiving no fertilizer-K ranged from 12.6 to 25.9 g K kg%,
which is comparable to the K concentrations for the late boot stage reported by Slaton et al.
(2009) and for the panicle initiation stage reported by Mills and Jones (1996) and Bell and Kovar
(2000). The significance level of interpretation influenced how many site-years showed

significant tissue-K differences [eleven (p < 0.25), eight (p < 0.10), or seven (p < 0.05) total
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sites-years]. Only site-year 5 had a K concentration that would not have been considered
Sufficient (> 13.0 g K kg'*) to produce 95% of maximum yield by Slaton et al. (2009) and the
concentration (12.6 g K kg*) was very close to the minimum sufficient concentration. As such, it
IS not surprising that grain yield was not increased by fertilizer-K at many of the locations (Table
3.6). The K concentrations at site-years 6, 13, and 14 were considered Sufficient and significant
yield increases, albeit relatively small, were measured from fertilizer-K. The K concentration at
site-year 9, where yield was decreased by fertilizer K, was not abnormally high or low. Slaton et
al. (2009) showed that Mehlich-3 STK was a better predictor of late boot stage plant-K
concentration than relative yield and that late boot stage plant-K concentration was a better
predictor of rice relative yield response to fertilizer-K than STK. Plant-K concentrations at R2-
R3 (Table 3.9) were a more accurate predictor of rice yield response to fertilizer-K than Mehlich-
3 STK (Table 3.7).

The accuracy of R2-R3 stage plant-K concentrations to correctly predict rice response to
fertilizer-K ranged from 47% (p < 0.05 and 0.10) to 37% (p = 0.25). The accuracy of plant-K
interpretations could not be fully evaluated since none of the site-years had K concentrations that
were considered Deficient (< 10.5 g K kg™), but the high percentage of accuracy (73-93%) when
K concentrations were considered to be Sufficient is encouraging. Future research should
probably validate the accuracy of K concentrations of whole-plant or specific leaf samples at the
V6-V7 stage in predicting yield response to fertilizer-K since that would allow more time for
tissue analysis and fertilization than samples collected at the late boot to early heading stage
(Maschmann et al., 2010). Early detection of K deficiency of rice is important since sufficient K
nutrition is known to influence the incidence and severity of numerous diseases and nutrient

disorders as summarized by Tanaka and Yoshida (1970) and Huber and Arny (1985).
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Table 3.1. Selected soil and agronomic information for rice trials conducted in 2013 and 2014.

Site- Soil Classification Row Planting Previous Year

Year County Series Group¥ Cultivar Width Date Crop P K
cm Fertilizer (kg ha®)

1 St. Francis Loring OF Roy J 19.1 17 April Soybean 20 56
2 St. Francis Calloway AF Clearfield 152 19.1 1 May Soybean 0 0
3 St. Francis Calhoun TG Clearfield 152 19.1 17 April Soybean 0 0
4 Arkansas Dewitt TA Clearfield 152 17.8 15 May Soybean 0 0
5 St. Francis Calhoun TG Roy J 19.1 19 April Soybean 20 56
6 St. Francis Calhoun TG Roy J 19.1 18 April Soybean 0 0
7 St. Francis Calloway AF Roy J 19.1 24 April Soybean 0 0
8 Arkansas Dewitt TA Clearfield 152 17.8 12 May Soybean 0 0
9 Arkansas Dewitt TA Clearfield 152 17.8 12 May Soybean 0 0
10 Desha Desha VH Clearfield 152 17.8 7 May Soybean 0 0
11 Mississippi Sharkey CE Clearfield 152 17.8 28 May Soybean 0 0
12 Mississippi Sharkey CE Clearfield 152 17.8 30 May Soybean 23 0
13 Mississippi Sharkey CE Roy J 17.8 6 May Soybean 0 0
14 Mississippi Sharkey CE Roy J 17.8 6 May Fallow 0 0
15 Desha Sharkey/Desha  CE/VH Clearfield 152 17.8 7 May Rice 0 0
16 St. Francis Calhoun TG Clearfield 111 19.1 22 May Fallow 0 0

T AF, Aquic Fraglossudalfs; VH, Vertic Hapludolls; TA, Typic Albaqualfs; CE/VH, Chromic Epiaquerts/Vertic Hapludolls; OF,
Oxyaquic Fragiudalfs; TG, Typic Glossaqualfs; and CE, Chromic Epiaquerts.
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Table 3.2. Selected soil chemical property means (n = 4 - 6) from the unfertilized control in P and K fertilization rice trials conducted

in 2013 and 2014.

0- to 10-cm depth

0- to 30 or 0- to 45-cm depth

i‘;gr oH pi K LEI; , ngi SOM  Silt  Clay Depth  pH p K
—-mgkg?(SD)--—- e (%) ---------- (cm) ---mg kg (SD) ---
1§ 70  23(3) 108(6) L M 27 777 212 0-45 62 3(1) 605
2> 69  16(2) 70(9) L L 27 791 192 0-45 65 9(3)  53(9)
3 71 16(2) 70 (8) L L 22 803 193 0-45 49 3(<1) 50 (8)
4 65  26(3) 104 (10) M M 18 798 173 0-45 61 700 88(12)
5 78  13(3) 55(16) VL VL 23 809 157 0-45 68 10(5  58(l0)
6 72  30(4) 88(12) M L 26 87 131 0-45 69 14(3)  57(7)
7 66  27(1) 7207 M L 24 773 173 0-45 53 103  53(5)
8 71  34(8) 109 (18) M M 20 766 188 0-45 62 9(3) 66 (1)
9 70  13(4)  85(8) VL L 19 749 193 0-45 55 5(0)  88(15)
10 72  16(4) 126(9) L M 20 659 270 0-45 59  13(7)  130(18)
11 75  62(2) 362(16) AO AO 36 322 554 0-30 74  42(6)  321(67)
12 67  43(2) 279 (25) 0 AO 34 298 494 0-30 69  30(3) 242 (53)
13 70  47(2) 286(19) 0 AO 42 285 581 0-30 71  35(3) 300 (26)
14 78 693 271(17) AO A0 36 285 537 0-30 75  54(4)  308(23)
15 78  54(2) 192(12) AO AO 31 523 451 0-30 75  57(3) 199 (I5)
6 76  61(5 90(8) AO L 24 796 158 0-45 59  19(2) 60 (4)

1 The values in parentheses are the standard deviation of the mean soil-test P or K for the research area.

1 Soil-test phosphorus (STP) levels categorized as VL, Very Low (<16 mg kgl); L, Low (16 — 25 mg kg?); M, Medium (26 — 35 mg
kg™); O, Optimum (36 — 50 mg kg™); and AO, Above Optimum (>50 mg kg™). Soil-test potassium (STK) levels categorized as VL,
Very Low (<61 mg kg?); L, Low (61 — 90 mg kg); M, Medium (91 — 130 mg kg?); O, Optimum (131 — 175 mg kg*); and AO,

Above Optimum (>175 mg kg1). VL, L, and M soil-test levels are considered suboptimal.

§Site-year 1 means were calculated from four replications.
Site-year 3 means were calculated from five replications.



Table 3.3. Soil-test level definitions, fertilizer rate recommendations, expected rice yield response to fertilization, and response
interpretation for hypothesis testing based on mean Mehlich-3 extractable P and K concentrations in the 0-to 10-cm depth.

Nutrient ~ Phosphorus} P-fertilizer  Potassiumji  K-fertilizer Expected response Increase ~ No change  Decrease

Levelf concentration rate concentration rate to fertilization
Soil mg P kg* kg P ha mg K kg kg K ha't
VL <15 32 <60 112 Increase Correct Incorrect Incorrect
L 16-25 32 61-90 84 Increase Correct Incorrect Incorrect
M 26-35 32 91-130 56 Increase Correct Incorrect Incorrect
0] 36-50 0 131-175 0 No Change Incorrect Correct Incorrect
AO >51 0 >176 0 No Change Incorrect Correct Incorrect
Tissue gP kgt g K kg
D <20 <10.5 Increase Correct Incorrect Incorrect
L NA 10.5-13.0 Increase Correct Incorrect Incorrect
S >2.0 >13.0 No Change Incorrect Correct Incorrect

1 Level abbreviations for soil: VL, Very Low; L, Low; M, Medium; O, Optimum; and AO, Above Optimum. Level abbreviations for
tissue: D, Deficient; L, Low; and S, Sufficient.
& fPhosphorus and K concentration values for soil when the Mehlich-3 extractant is used.
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Table 3.4. Expected and actual rice yield response to P, K, or P and K fertilization compared with a no P or K control at 16 research
sites established during 2013 and 2014.

Site- Expected Yield Recommended Base Compared with rice receiving no fertilizer P or K
Yearf  Response P K Yield8 Recommended P Onlyf K Only#
Difference p- Difference p- Difference
P K ——kgha!-—- kgha' (kgha')ft valueii (kghal)+t valueii (kgha?)+t p-valueii
1 I I 32 56 12717 - 445 0.31 - 698 0.11 - 926 0.04
2 I I 32 84 11957 - 616 0.02 - 500 0.06 - 269 0.30
3 I I 32 84 10513 28 0.92 -32 0.92 60 0.83
4 I I 32 56 10257 - 428 0.14 - 358 0.21 - 283 0.32
5 I I 32 112 11515 633 0.11 -32 0.93 - 48 0.90
6 I I 32 84 12376 -223 0.52 - 320 0.35 19 0.96
7 I I 32 84 10509 298 0.30 150 0.60 459 0.12
8 I I 32 56 8633 - 279 0.19 -114 0.59 2 0.99
9 I I 32 84 7651 392 0.20 312 0.31 159 0.60
10 I I 32 56 10550 - 228 0.44 -234 0.43 - 126 0.67
11 NC NC 0 0 8126 -- -- - 26 0.89 -135 0.46
12 NC NC 0 0 9022 -- -- -10 0.97 -114 0.63
13 NC NC 0 0 8611 -- -- -95 0.82 - 1069 0.02
14 NC NC 0 0 8052 -- -- 55 0.86 347 0.29
1588 NC NC 0 0 9103 -- -- 36 0.87 256 0.30
16 NC I 0 84 9249 184 0.37 - 57 0.78 184 0.37

+Soil-test P and K levels for each site are shown in table 3.2.

TExpected yield response to fertilization: I, increase when soil-test level is Very Low, Low, or Medium; NC, no change when soil-test
level is Optimum or Above Optimum; and D, decrease (not expected at any soil-test level but a possible outcome).

8Yield of plots that received no P or K fertilizer.

9In the ‘P Only’ comparison, site-year 3 was the only site to contain fertilizer-K in the compared treatments.

#All ’K Only’ comparisons for each site-year received the recommended fertilizer-K rates except site-years: 11, 12, 13, 14, and 15 (56
kg K hal), site-year 5 (84 kg K ha?), and site-years 7, 8, and 9 (112 kg K ha™l).

11 Yield difference of the ‘Base Yield’ column subtracted from the ‘Recommended’, ‘P Only’, and ‘K Only’ treatments.

fIp-value of the yield difference of the ‘Recommended’, ‘P Only’, and ‘K Only’ columns.

88 For the ‘K Only’ comparison, site-year 15 was the only site that contained fertilizer-P in the compared treatments.
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Table 3.5. Rice yield, tissue-P (V6-V7 stage), and seed-P concentrations as affected by fertilizer-P application at 16 site-years.

Site- Rec-P Grain Yield} Tissue-P Concentrationy Seed-P Concentration
Yeart rate No P WithP  p-value§ NoP WithP  p-value§ NoP With P p-value§
kgha!t - kghat--— gkgt-—-—- g kgt ----
1 32 11790 12272 0.27 2.16 241 <0.01 2.52 2.52 0.99
2 32 11688 11341 0.18 2.19 2.32 0.03 2.67 2.67 0.99
3 32 10671 10639 0.92 2.38 2.54 0.35 2.55 2.62 0.22
4 32 9974 9829 0.59 3.02 3.25 0.09 2.38 2.35 0.68
5 32 11466 11263 0.60 1.71 2.12 <0.01 2.70 2.60 0.19
6 32 12395 12154 0.48 2.42 2.43 0.84 2.58 2.53 0.35
7 32 10967 10627 0.24 2.38 2.42 0.56 2.67 2.58 0.24
8 32 8635 8506 0.56 2.04 2.40 <0.01 2.73 2.70 0.61
9 32 7810 7394 0.17 1.40 1.72 <0.01 2.73 2.80 0.33
10 32 10425 10323 0.73 1.64 2.01 0.03 2.85 2.85 0.99
11 0 8126 8100 0.89 3.60 3.68 0.35 2.55 2.48 0.29
12 0 9022 9012 0.97 3.18 3.43 0.11 2.65 2.57 0.18
13 0 8611 8517 0.82 2.81 2.95 0.30 2.35 2.35 0.99
14 0 8052 8107 0.86 2.97 3.21 0.17 2.40 2.33 0.18
15 0 9103 9139 0.87 2.71 2.78 0.47 2.73 2.75 0.79
16 0 9432 9013 0.05 2.89 2.99 0.30 2.85 2.97 0.08

+Soil-test P and K levels for each site are shown in table 3.2.

TAll treatment comparisons for ‘Grain Yield’, ‘Tissue-P Concentration’, and ‘Seed-P Concentration’ contained the recommended
fertilizer-K rate [table 3.4 (0, 56, 84, or 112 kg K ha)] except for site-years 5 (84 kg K ha! treatment sampled), 7, 8, and 9 (112 kg K
ha* treatment sampled).

8The p-value of the *Grain Yield’, ‘Tissue-P Concentration’, and ‘Seed-P Concentration’ differences found from subtracting the ‘No
P’ treatment from the ‘With P’ treatment.



Table 3.6. Rice yield, seed- and whole-plant-K (R2-R3 stage) concentrations as affected by fertilizer-K application at 16 site-years.

Grain Yield} Tissue-K Concentrationf Seed-K Concentrationi
Site-  Rec-K Fertilizer Rate (kg K ha) Fertilizer Rate (kg K ha)
Yeart rate 0 56 84 112 p-value§ linearf NoK With K p-value 0 56 84 112 p-value linear
kg ha! kg hat-----eoeeeeeee e gkgl--—-—- e g kgt ---mmememeeeeee-

56 12019 12272 12256 12347 0.44 0.52 19.80 20.17 0.51 3.08 3.18 3.13 3.23 0.28 0.26
84 11457 11703 11341 11610 0.65 0.72 1396 1754 <0.01 2.85 2.60 2.82 2.82 0.17 0.89
84 10709 10586 10671 10759 0.76 0.89 1497 1898 <0.01 2.88 2.92 2.77 2.97 0.29 0.77
56 9899 9828 9985 10166 0.67 0.36 17.81  19.47 0.12 2.90 2.73 2.77 2.90 0.19 0.75
112 11483 11850 11263 12148 0.39 0.03 1255 16.75 0.04 3.25 3.32 3.27 3.23 0.84 0.88
84 12057 12170 12154 13100 0.14 0.02 1575  16.58 0.37 3.20 3.13 3.23 3.27 0.91 0.44
84 10659 11125 10807 10627 0.41 0.91 13.78  15.69 0.04 2.95 3.05 2.92 3.02 0.53 0.68
56 8519 8354 8592 8530 0.84 0.96 20.26 2235 <0.01 3.50 3.43 3.22 3.20 0.04 0.01
84 7963 7508 8043 7391 0.21 0.07 18.68  20.36 0.09 3.18 3.60 3.45 3.47 0.05 0.24
10 56 10316 10323 10527 10778 0.35 0.14 1599 17.13 0.05 3.10 3.10 3.02 2.97 0.54 0.46

OCOoO~NOOOTD,WN P

11 0 8052 7991 7946 7966 0.25 0.67 2282  23.67 0.19 2.47 2.43 2.30 2.43 0.35 0.29
12 0 9075 8908 8820 9025 0.55 0.68 2355 25.29 0.03 2.48 2.52 2.52 242 0.62 0.67
13 0 8098 7555 8653 8390 0.19 0.45 2592  26.03 0.87 2.65 2.52 2.62 2.47 0.03 0.06
14 0 7976 8399 8449 8859 0.04 0.01 2399 2357 0.57 2.75 2.73 2.72 2.73 0.38 0.66
15 0 9139 9395 8877 9081 0.92 0.50 16.80 17.26 0.53 3.13 3.13 3.07 3.17 0.89 0.97
16 84 9191 9360 9013 9271 0.89 0.93 16.17  18.13 0.14 2.97 3.07 3.13 3.22 0.03 0.02

S tSoil-test P and K levels for each site are shown in table 3.2.
iThe ‘0 kg ha'’ or ‘No K’ treatment contained 0 (site-years 3, 11, 12, 13, and 14) or 32 kg P ha* (site-years 1, 2, 4,5, 6, 7, 8, 9, 10,
15, and 16). The *With K’ treatment for ‘Tissue-K Concentration” comparisons contained 56 (site-years 1, 4, and 10), 84 (site-years 2,
3,5,6,11,12, 13, 14, 15, and 16), or 112 kg K ha™* (site-years 6, 8, and 9).
8The p-value for ‘Grain Yield’ and ‘Seed-K Concentration’, is for the difference of the average yield of plots receiving 56, 84, and
112 kg K ha'* compared with plots receiving 0 kg K ha™. For ‘Tissue-K Concentration’, the p-value is for the concentration difference
of plots that received a single rate of K fertilizer compared to the plots that received no K fertilizer.
The p-value of the linear trend analysis of the 0, 56, 84, and 112 kg K ha™ rate effects on ‘Grain Yield’ and ‘Seed-K Concentration’.
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Table 3.7. Accuracy of soil-test P and K interpretations at significance levels of 0.05, 0.10, and 0.25 and assuming an equal land area
distribution within each soil-test category for each of three evaluations.

Total Yield response to fertilization]
Evaluation CategoryT Sites | NC D | NC D | NC D
----------- p <0.05 ------------- ------=--p < 0.10 ----------- -—-me--- P <0.25 e

Recommendation P&K 10 0 9 1 0 9 1 2 6 2
P Only 0 -- - - - - - -- - -
K Only 1 0 1 0 0 1 0 0 1 0
Neither-P 5 0 5 0 0 5 0 0 5 0
Neither-K 5 0 4 1 0 4 1 0 4 1

Accuracy§ 27% 27% 33%
P response VL 2 0 2 0 0 2 0 0 1 1
L 4 0 4 0 0 4 0 0 3 1
M 4 0 4 0 0 4 0 0 3 1
] 2 0 2 0 0 2 0 0 2 0
AO 4 0 3 1 0 3 1 0 3 1

Accuracy$§ 35% 35% 35%
K response VL 1 0 1 0 0 1 0 0 1 0
L 6 0 6 0 0 6 0 1 4 1
M 4 0 4 0 0 4 0 0 4 0
AO 5 1 4 0 1 4 0 2 2 1

Accuracy$§ 20% 20% 14%

1 Category explanation: The ‘Recommended’ evaluation is based on Table 3.4 using the recommended rate of fertilizer-P, fertilizer-K
or both compared with the yield rice receiving no fertilizer-P or -K. The P-response (Table 3.5) and K-response (Table 3.6) categories
are based on rice yield response to fertilization with P or K when the other nutrient is supplied in sufficient amounts or at an optimal
level in the soil.

I Yield response to fertilization: I, increase; NC, no change; and D, decrease when differences are interpreted at the 0.05, 0.10, and
0.25 significance levels. Values in the cells indicate the number of site-years within each category and response. The shaded cells are
the ‘Correct’ responses according to the interpretation of current soil-test P and K based recommendations.

8 Accuracy is the weighted mean of each category. ‘K response’ evaluation contained no sites in the Optimum category.



Table 3.8. Accuracy of soil-test P and K interpretations when p = 0.05, 0.10, and 0.25 using the
actual distribution of rice area within each soil-test level (DeLong et al., 2015).

Percent Soil-test Significance level
Nutrient  hectarest level} 0.05 0.10 0.25
(%) Accuracy (%) §
P response 22 Very Low 0 0 0
34 Low 0 0 0
23 Medium 0 0 0
14 Optimum 14 14 14
7 Above optimum 5 5 5
Cumulative Accuracyf 19 19 19
K response 7 Very Low 0 0 0
24 Low 0 0 5)
27 Medium 0 0 0
42 Above Optimum# 34 34 17
Cumulative Accuracy 34 34 22

T Percent distribution of the soil sampled hectares in Arkansas within each soil-test level.

I Soil-test level definitions given in Table 3.3

8 The percent accuracy of each soil-test level calculated as a weighted average of the percent of
rice hectares in Arkansas.

 The cumulative accuracy is the sum of the accuracy within each soil-test level calculated as
[(Percent hectares x Accuracy) + 100].

# None of the 17 site-years had soil-test K in the Optimum level. For calculating cumulative
accuracy, the percentage of hectares in the Optimum and Above Optimum levels was combined.
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Table 3.9. Accuracy of whole-plant rice-P (V6-V7 growth stage) and -K (R2-R3 growth stage) concentration interpretations for
predicting grain yield response to fertilization at three significance levels (p = 0.05, 0.10, and 0.25).

Whole-plant Total Yield response to fertilizery
Parametert nutrient levelf  Sites§ I NC D I NC D I NC D
----------- p<0.05----------  -------p < 0.10 === - P <025 -

P response Deficient 3 0 3 0 0 3 0 0 2 1
Sufficient 13 0 13 0 0 13 0 0 10 3

Accuracy 50% 50% 39%

K response Deficient 0 N/A N/A N/A N/A N/A N/A N/A N/A N/A

Low 1 0 1 0 0 1 0 0 1 0
Sufficient 15 1 14 0 1 14 0 2 11 2

Accuracy 47% 47% 37%

1 Rice response to P (0 kg P ha™t compared to 32 kg P ha) when K availability is non-limiting, or rice response to K [0 kg ha™
compared to one K rate (56, 84, or 112 kg ha')] when P availability is non-limiting.

I Whole-plant nutrient level: Deficient, < 2.0 g P kg and < 10.5 g K kg%, Low: N/A for P, 10.5-13.0 g K kg!; Sufficient: > 2.0 g P
kg!and >13.0 g K kg,

8§ Total Sites is the number of site-years in each whole-plant nutrient level. Accuracy is calculated as an equally weighted mean of
each whole-plant nutrient level.

1 Yield response to fertilization: I, increase; NC, no change; and D, decrease when alpha values= 0.05, 0.10, 0.25. The numbers in the
columns are the number of sites within each response category. Cells that are shaded indicate the expected response used to calculate
accuracy within each level or overall accuracy (equally weighted among categories).



Figure 3.1. Regression relationship of the mean Mehlich-3 phosphorus (a) and potassium (b)
concentrations of the 0-10 cm soil depth with the 0-30 (clayey soil) and 0-45 (loamy soil) cm soil
depths from 16 site-years of rice research.
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Appendix 3.1. Soil chemical property means (n = 6) from the unfertilized control in P and K fertilization rice trials conducted in 2013
and 2014.

Site- 0-10 cm depth 0-30 or 0-45cm depth}

Year Ca Mg S Na Fe Mn Zn Cu B Ca Mg S Na Fe Mn Zn Cu B

6 22 230 449 18 13 04 1236 230 45 55 170 331 08 06 0.2
6 24 246 489 18 13 03 1377 184 18 46 288 392 13 11 0.2
0 66 258 440 14 10 04 834 276 43 109 228 227 09 0.7 0.2
9 80 406 307 21 10 0.2 1433 239 17 232 199 275 09 08 00
1 42 359 328 16 12 04 1727 329 21 70 298 312 14 11 0.2
7 29 481 184 25 09 04 1330 301 10 53 302 220 13 06 0.2
1425 304 9 25 362 283 19 11 03 919 220 32 65 266 247 11 09 0.1
6 62 413 284 12 11 05 1464 236 14 159 179 318 06 0.7 0.2
7 105 283 426 15 11 04 1390 305 27 240 109 204 05 0.7 0.2
6 107 269 43 13 21 04 1539 886 20 233 292 22 11 15 0.2
8 57 467 75 38 49 10 4476 829 11 74 460 70 34 47 09
0 45 479 67 41 45 07 3514 728 12 58 414 83 37 50 07
13 4300 1022 7 50 428 94 45 48 09 4536 1104 10 94 436 74 40 51 09
14 4885 1038 14 50 442 71 39 52 10 4780 1047 21 81 446 75 42 54 10
15 4476 826 28 154 497 90 27 21 10 3377 925 34 223 45 74 24 26 06
16 2241 398 19 85 323 402 27 22 05 1313 299 24 100 259 367 18 16 0.2

O©Co~~NOOOT P~ WNBE
N
N
()]
~
w
(@]
o
H

1 See table 3.2 for site depth.
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Appendix 3.2. Treatment structure for rice sites established in 2013 and 2014.

Fertilizer Rate

Site- TRT 17 TRT 2 TRT 3 TRT 4 TRT 5 TRT 6

Year P K P K P K P K P K P K
------------------------------------------------------ kg hal ——— -

1 32 0 32 56 32 84 32 112 0 56 0 0
2 32 0 32 56 32 84 32 112 0 84 0 0
3 0 0 0 56 0 84 0 112 32 84 0 0
4 32 0 32 56 32 84 32 112 0 56 0 0
5 32 0 32 56 32 84 32 112 0 84 0 0
6 32 0 32 56 32 84 32 112 0 84 0 0
7 32 0 32 56 32 84 32 112 0 112 0 0
8 32 0 32 56 32 84 32 112 0 112 0 0
9 32 0 32 56 32 84 32 112 0 112 0 0
10 32 0 32 56 32 84 32 112 0 56 0 0
11 0 0 0 56 0 84 0 112 32 0 0 0
12 0 0 0 56 0 84 0 112 32 0 0 0
13 0 0 0 56 0 84 0 112 32 0 0 0
14 0 0 0 56 0 84 0 112 32 0 0 0
15 32 0 32 56 32 84 32 112 0 0 0 0
16 32 0 32 56 32 84 32 112 0 84 0 0

tAbbreviation: TRT, treatment.
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Appendix 3.3. Rice whole-plant-P concentrations at the VV6-V7 stage for the treatments sampled in each of the 16 site-years.

Whole-Plant-P Concentration

Site-Yeart TRT1 TRT 2 TRT 3 TRT 4 TRTS TRT6 p-valuei LSD 0.05 LSD 0.25

-------------------- - g kg L 0 e —
1 -- 241 -- -- 2.15 2.19 <0.01 0.10 0.05
2 -- -- 2.32 -- 2.19 2.31 0.05 0.12 0.06
3 -- -- 2.38 -- 2.56 2.29 0.44 NS NS
4 -- 3.25 -- -- 3.02 3.08 0.20 NS 0.15
5 - - 2.12 -- 1.71 1.78 <0.01 0.15 0.08
6 -- -- 2.43 -- 2.42 2.40 0.93 NS NS
7 -- -- -- 2.42 2.38 2.54 0.04 0.12 0.07
8 -- -- -- 2.40 2.03 2.29 <0.01 0.18 0.10
9 -- -- -- 1.72 1.40 1.47 0.02 0.21 0.12
10 -- 2.01 -- -- 1.64 1.67 0.05 0.32 0.18
11 3.65 -- -- -- 3.68 3.55 0.38 NS NS
12 3.22 -- -- -- 3.43 3.15 0.24 NS 0.20
13 -- -- -- -- 2.95 2.81 0.30 NS NS
14 -- -- -- -- 3.21 2.97 0.17 NS 0.19
15 2.78 -- -- -- 2.73 2.68 0.71 NS NS
16 -- -- 2.99 -- 2.89 2.90 0.50 NS NS

TSee Appendix 3.2 for actual fertilizer and fertilizer rate applied for each treatment.
Ip-value of the treatment effect.
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Appendix 3.4. Rice whole-plant-K concentrations at the R2-R3 stage for the treatments sampled in each of the 16 site-years.

Whole-Plant-K Concentration

Site-Yeart TRT1 TRT 2 TRT 3 TRT 4 TRTS TRT6 p-valuef LSD 0.05 LSD 0.25

---------------------------- e S L 0 e —
1 19.80 20.17 -- -- -- -- 0.50 NS NS
2 13.96 -- 17.54 -- -- -- <0.01 1.35 0.68
3 14.97 -- 18.98 -- -- -- <0.01 1.61 0.81
4 17.81 19.47 -- -- -- -- 0.12 NS 1.14
5 12.47 -- 16.57 -- -- -- 0.04 3.36 1.25
6 15.75 -- 16.58 -- -- -- 0.37 NS NS
7 13.78 -- -- 15.69 -- -- 0.04 1.77 0.90
8 20.26 -- -- 22.35 -- -- <0.01 1.08 0.55
9 18.68 -- -- 20.36 -- -- 0.09 NS 1.04
10 15.99 17.13 -- -- -- -- 0.05 1.12 0.57
11 22.82 -- 23.67 -- -- -- 0.19 NS 0.72
12 23.55 -- 25.29 -- -- -- 0.03 1.43 0.72
13 25.92 -- 26.03 -- -- -- 0.87 NS NS
14 23.99 -- 23.57 -- -- -- 0.57 NS NS
15 16.80 -- 17.26 -- -- -- 0.53 NS NS
16 16.17 -- 18.13 -- -- -- 0.14 NS 0.88

1 See Appendix 3.2 for actual fertilizer and fertilizer rate applied for each treatment.
Ip-value of the treatment effect.
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Appendix 3.5. Rice dry matter production at the V6-V7 stage for the treatments sampled in each of the 16 site-years.

V6-V7 Stage Dry Matter Production

Site-Yearf TRT1 TRT 2 TRT 3 TRT 4 TRTS TRT 6 p-value} LSD 0.05 LSD 0.25

----------------------------------------- Kg hal —-mmmmmme e el (V]| (- le—
1 -- 1816 -- -- 1481 1667 0.09 NS 196
2 -- -- 2582 -- 2565 2755 0.74 NS NS
3 -- -- 1629 -- 1682 1751 0.72 NS NS
4 -- 3397 -- -- 3626 3369 0.57 NS NS
5 -- -- 4332 -- 3792 4121 0.45 NS NS
6 -- -- 3452 -- 3810 3429 0.55 NS NS
7 -- -- -- 5190 5452 5118 0.53 NS NS
8 -- -- -- 2038 1662 1391 0.01 369 196
9 -- -- -- 1173 1034 939 0.55 NS NS
10 -- 1658 -- -- 1626 1484 0.45 NS NS
11 1924 -- -- -- 1974 2077 0.64 NS NS
12 1824 -- -- -- 1594 1709 0.41 NS NS
13 -- -- -- -- 1891 1728 0.37 NS NS
14 -- -- -- -- 1545 1460 0.62 NS NS
15 816 -- -- -- 830 806 0.93 NS NS
16 -- -- 1455 -- 1946 1517 0.06 NS 182

tSee Appendix 3.2 for actual fertilizer and fertilizer rate applied for each treatment.
ip-value of the treatment effect.
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Appendix 3.6. Rice dry matter production at the R2-R3 growth stage for the treatments sampled in each of the 16 site-years.

R2-R3 Dry Matter Production

Site-Yeart TRT1 TRT 2 TRT 3 TRT 4 TRTS TRT6 p-valuei LSD 0.05 LSD 0.25

---------------------------- T S — L 1 —
1 12788 12953 -- -- -- -- 0.96 NS NS
2 10806 -- 10797 -- -- -- 0.98 NS NS
3 11658 -- 11795 -- -- -- 0.68 NS NS
4 14800 13882 -- -- -- -- 0.33 NS NS
5 12985 -- 12553 -- -- -- 0.53 NS NS
6 10518 -- 12130 -- -- -- 0.39 NS NS
7 11235 -- -- 13830 -- -- 0.01 1672 810
8 16002 -- -- 16460 -- -- 0.60 NS NS
9 15191 -- -- 13696 -- -- 0.05 1510 764
10 15718 15783 -- -- -- -- 0.87 NS NS
11 10597 - 11355 - - - 0.02 577 292
12 10765 -- 11833 -- -- -- 0.08 NS 625
13 17824 -- 17312 -- -- -- 0.38 NS NS
14 18190 -- 17020 -- -- -- 0.14 NS 862
15 14852 -- 15727 - - - 0.36 NS NS
16 10909 -- 11097 -- -- -- 0.48 NS NS

tSee Appendix 3.2 for actual fertilizer and fertilizer rate applied for each treatment.

Ip-value of the treatment effect.
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Appendix 3.7. Rough rice seed-P concentrations at harvest for each of the 16 site-years.

Seed-P Concentration

Site-Yeart TRT1 TRT 2 TRT 3 TRT 4 TRTS TRT6 p-valuei LSD 0.05 LSD 0.25

-------------------- - g kg L 0 e —
1 2.48 2.52 2.50 2.48 2.52 2.50 0.99 NS NS
2 2.72 2.58 2.67 2.67 2.67 2.63 0.35 NS NS
3 2.57 2.54 2.55 2.62 2.62 2.60 0.68 NS NS
4 2.48 2.35 2.40 2.50 2.38 2.43 041 NS NS
5 2.68 2.68 2.60 2.62 2.70 2.73 0.48 NS NS
6 2.52 2.53 2.53 2.48 2.58 2.53 0.59 NS NS
7 2.70 2.68 2.55 2.58 2.67 2.65 0.23 NS 0.08
8 2.77 2.72 2.73 2.70 2.73 2.68 0.83 NS NS
9 2.75 2.77 2.67 2.80 2.73 2.67 0.48 NS NS
10 2.83 2.85 2.73 2.80 2.85 2.87 0.78 NS NS
11 2.57 2.47 2.38 2.55 2.48 2.53 0.15 NS 0.09
12 2.64 2.67 2.55 2.53 2.57 2.65 0.21 NS 0.08
13 2.35 2.30 2.37 2.32 2.35 2.35 0.77 NS NS
14 2.43 2.38 2.33 2.37 2.33 2.37 0.51 NS NS
15 2.75 2.70 2.72 2.62 2.75 2.72 0.46 NS NS
16 2.87 2.93 2.97 2.88 2.85 2.98 0.24 NS 0.08

TSee Appendix 3.2 for actual fertilizer and fertilizer rate applied for each treatment.
Ip-value of the treatment effect.
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Appendix 3.8. Rough rice seed-K concentrations at harvest for each of the 16 site-years.

Seed-K Concentration

Site-Yeart TRT 1 TRT 2 TRT 3 TRT 4 TRT 5 TRT 6 p-valuei LSD 0.05 LSD 0.25

-------------------- - g kgt 1 ——
1 3.08 3.18 3.13 3.23 3.10 3.13 0.77 NS NS
2 2.85 2.60 2.82 2.82 2.70 2.77 0.10 NS 0.11
3 2.88 2.92 2.77 2.97 2.88 2.77 0.17 NS 0.11
4 2.90 2.73 2.77 2.90 2.80 2.85 0.34 NS NS
5 3.25 3.32 3.27 3.23 3.45 3.32 0.62 NS NS
6 3.20 3.13 3.23 3.27 3.23 3.28 0.84 NS NS
7 2.95 3.05 2.92 3.02 3.05 2.95 0.49 NS NS
8 3.50 3.43 3.22 3.20 3.33 3.22 0.11 NS 0.15
9 3.18 3.60 3.45 3.47 3.47 3.40 0.44 NS NS
10 3.10 3.10 3.02 2.97 3.17 3.12 0.76 NS NS
11 2.47 243 2.30 243 2.38 2.40 0.30 NS NS
12 2.48 2.52 2.52 2.42 2.53 2.55 0.75 NS NS
13 2.65 2.52 2.62 2.47 2.55 2.67 0.13 NS 0.10
14 2.75 2.73 2.72 2.73 2.63 2.63 0.25 NS 0.07
15 3.13 3.13 3.07 3.17 3.20 3.10 0.82 NS NS
16 2.97 3.07 3.13 3.22 3.08 3.23 0.08 NS 0.11

+See Appendix 3.2 for actual fertilizer and fertilizer rate applied for each treatment.
Ip-value of the treatment effect.



CHAPTER 4

Conclusions
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Validation of the accuracy of soil-test interpretations is a crucial step in research that is
often overlooked in predicting crop response to nutrients supplied through fertilizer applications.
Response to fertilizer varies greatly among crops grown under aerobic and anaerobic soil
conditions due to increased P and K availability under reduced conditions. Many states with
aerobic/anaerobic crop rotations {i.e. soybean [Glycine max (L.) Merr.] and rice (Oryza sativa
L.)} use the same soil-test methods and interpretations for both crops. The overall research goal
was to validate the accuracy of soil-test-based P and K fertilizer recommendations for irrigated
soybean and direct-seeded, delayed-flood rice at three levels of significance (p < 0.05, 0.10, and
0.25). Objectives to accomplish this goal for both soybeans and rice were to: i) determine soil-
test nutrient levels that contained the most and least error, by interpretation, in predicting crop
response to fertilizer, ii) examine the interpretation accuracy of published critical P and K
concentrations of plant tissues in revealing the nutritional status of the plant, iii) examine how
seed nutrient concentrations were affected by fertilization and crop response to fertilization, and
iv) evaluate how soil nutrient concentrations at deeper depths affected the accuracy of soil-test

and tissue concentration interpretations.

Soybean trials revealed that the majority of the error for both soil-test P and K and
trifoliolate K concentration interpretations occurred in the suboptimal nutrient levels (i.e. Very
Low, Low, and Medium soil-test levels and Deficient and Low trifoliolate nutrient levels) where
positive responses to fertilizer were expected. Critical trifoliolate-P concentrations could not be
evaluated due to the lack of site-years with suboptimal tissue concentrations. Overall soil-test
interpretation accuracy was 40 (p < 0.05) to 55% (p <0.25) for P and 71 (p < 0.05) to 84% (p <
0.25) for K, while the accuracy of the critical tissue concentration was 48 (p < 0.05) to 62% (p <

0.25) for K. Seed-P concentrations showed no correlation with any soil or plant measurement
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taken, while seed-K concentrations displayed significant correlation relationships with
trifoliolate-K concentrations (r = 0.54, p = 0.03), 0-10 cm depth Mehlich-3 STK (r = 0.36, p =

0.15), and relative yield (r = 0.38, p = 0.13).

Similar to soybean, rice trials showed that the most frequent error in the prediction of rice
yield response to fertilization for STP and STK was found in the suboptimal (Very Low, Low,
and Medium) levels. The majority of the error in rice yield response predictions made from plant
nutrient concentrations were contained in the Deficient category for P. Suboptimal (Deficient
and Low) plant-K categories could not be fully evaluated because of minimal site-years with
plant-K concentrations within the two categories. Soil-test interpretations were 35% accurate at
predicting rice yield response to P fertilization, regardless of the significance level. Soil-test K
accurately predicted rice yield response to fertilizer-K at 20 (p < 0.05 and 0.10) and 14% (p <
0.25) of the sites-years. The accuracy of the critical plant-P concentration for predicting rice
response to fertilizer-P addition was 50 (p < 0.05 and 0.10) to 39% (p < 0.25). Rice seed-P
concentrations were positively correlated with relative yield (r = 0.44, p = 0.09) and negatively
correlated with plant-P concentrations (r = -0.48, p = 0.06). There were significant, negative
correlations between rice seed-K with tissue-K concentrations (r = -0.53, p = 0.04) and negative

correlations between seed-K concentrations with STK (r =-0.72, p < 0.01).

In summary, the relationship between the 0-10 cm and the 0-30 or -45 cm depth soil
samples show that the shallow soil samples are good indicators of the relative nutrient
concentrations at deeper depths for both crops. The positive relationship minimizes the effect
that subsoil P and K availability has on the accuracy of established soil-test interpretations. Soil-
test P level boundaries may need to be adjusted for both soybean and rice to encompass errors in

the suboptimal categories. There is no need to change the soil-test K interpretations because soil-
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test K is strongly correlated with rice tissue K concentration, and fertilizer-K recommendations
for soybean are reliable for predicting the correct yield response to fertilization. In some cases,
tissue nutrient concentrations were better predictors of yield response to fertilization, so crop
nutrient management programs should incorporate both soil and plant analysis to have the best
understanding of the effectiveness and efficiency of the nutrient management program being

implemented.
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