RESEARCH PROJECT TITLE: Seed-Placed Limeto Reduce the Acidifying Affects of Nitrogen
Fertilizer in Long-term Direct Seed Systems

INVESTIGATORS: David Huggins, USDA-ARS, Jm Harsh, WSU; Bill Pan, WSU
Cooperators. David Bezdicek, WSU; Tim Murray, WSU; R. James Cook WSU; Mary Fauci,
WSU;
Cooperator-growers. Frank Lange (Palouse) and Steve Mader (Pullman)
Graduate Student (2001-2002): 1an Wildley

PROJECT OBJECTIVES:
1. Assessthe effects of seed placed lime and fertilizer on seed zone pH and exchangesble duminum
using DS planting methods.
2. Determine the effects of lime source and starter fertilizer source on dry matter accumulation, early
Season nutrient uptake, grain yield, and grain protein.
3. Evduate the long-term effects on soil pH and plant growth of gpplying low rates of pdletized lime
in combination with acid forming or pH neutrd starter fertilizers usng two DS rotations.
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STATEMENT OF PROBLEM:

Long-term direct seeding (DS) in the Pacific northwest offers growers many benefits such as reduced
s0il erosion, increased water use efficiency, improved soil qudity, and increased sustainability, as
compared to conventiona tillage methods. One threst to the long-term viability of continuous DSisan
increase in soil acidity in the upper rooting zone associated with the use of nitrogen fertilizers.

Anhydrous anmonia (82-0-0) and agua ammonia (20-0-0) are the main nitrogen fertilizers used for
wheat production in the Pacific northwest, because of their low price and high percentage of nitrogen
per unit weight. Both of these fertilizer materids are normaly applied in aband four to eight inches
below the soil surface either prior to or during planting. As microbes convert the ammonium to nitrate,
hydrogen ions are produced. 1n a conventiond tillage system, this acidity would be mixed with the
remainder of the surface layer each year during plowing, but in the DS system, the acidity tendsto be
localized in the region of N gpplication. The amount of acidity produced is amply afunction of

amount and type of nitrogen fertilizer gpplied. For example, to neutralize the effect of gpplying 1 kg of
nitrogen as anhydrous ammonia or anmonium- phosphate-aulfate (16-20-0) 1.8 kg and 5.5 kg of
cacium carbonate are needed, respectively (Mortvedt et a., 1999). In the high precipitation zone,
growers planting DS wheat commonly gpply 112 kg N ha-1 as 82-0-0 and 18 kg N ha-1 as 16-20-0.
Thisfertilizer combination requires 300 kg ha-1 of pure CaCO3 yearly to completely neutralize the
hydrogen ions produced. The continuous additions of acid producing fertilizers pose a serious threet to
the long-term sustainability of the DS as well as conventiond sysems. At least one grower has
aready abandoned DS because of low soil pH.

There are many problems associated with crop production on low pH soils. Soil microbiologica
activity, nutrient availability, and nutrient uptake are dl reduced as the soil becomes more acid. Plant
availability of nitrate, phogphorus, potassium, magnesium, sulfur, and many micronutrients decrease to
such an extent that additiond fertilizers are needed to obtain yields comparable to higher pH soils. In
addition to the reduced availability of essentia nutrients, the solubility of some nonessentid nutrients



like duminum and manganese can increase to toxic levels. A four year study conducted in Kansas
showed a62% decrease in wheat yields when extractable A" levels incressed from 26 ppm to 102
ppm (soil pH dropped from 5.1 to 4.6) (Whitney and Lamond, 1993). Soil pH aso has an impact on
the incidence of some diseases. Cephal osporium stripe, afungd disease of winter wheat and winter
barley, severity and incidence increase as soil pH drops below 6.0 (Veseth, 1987). The occurrence of
Pythium is aso decreased with liming (Fukui et d., 1994). A combination of these factors was
probably responsible for the 43% reduction in winter wheet (cv * Stephens) yield observed by Mahler
and McDole (1987) in soil with pH 5.0 compared to soil pH 5.4.

Univergty of Idaho researchers have determined the minimum pH required to obtain maximum yield

for lentils, spring peas, and whest to be 5.65, 5.52, and 5.19, respectively (Mahler and McDole, 1987).
At asoil pH of 5.0, lentil and spring pea yields were reduced to 50% of maximum. As soil pH drops
below minimum levels, crop sdlection for rotations is limited to acid tolerant species (cereds) making
control of grassy weeds increasingly difficult. In eastern Washington, Bezdicek (et a., 1998) reported
pH of 4.6 and 4.9 in the 10-15 cm layer of two long-term no-till fields while the pH of adjacent
conventiondly tilled fidlds were 5.5 and 5.3. Microbid activity & the 10-15 cm layer for the no-till
fields was dso sgnificantly lower compared to the adjacent conventiondly tilled fields.

The success of long-term DS is dependent upon profitability. Increased soil acidity in the seed zone
can potentiadly reduce whest yields by 40-60%, and limit rotations to only acid tolerant crops. Since
nitrogen fertilizer gpplication is respongble for mogt of the acidity, it is extremey important to limit N
use to economicd rates. The addition of large amounts of agriculturd limeto DS fieldsis not feesible
because of the high cogt of lime and the difficulty in spreading. Low rates of pelletized lime applied
with the seed seem to be an dterative. Although pelletized lime is more expensive, it can be applied
directly into the acid zone with no additiond disturbance of the surface resdue. We hypothesize that
yearly gpplications of lime in combination with DS based N recommendations will grestly reduce the
acidifying affects of nitrogen fertilizer, thus maintaining crop productivity in long-term DS rotations.

AGRONOMIC ZONE OF INTEREST:
Agronomic zones where soil acidification is decreasing surface soil pH below 6.0. Primarily, but not
restricted to high precipitation zone where greatest ammonica N use and soil acidity occurs.

ABSTRACT OF RESEARCH FINDINGS:

Seed- placed lime did not affect wheet seedling emergence or grainyield. Limerates of 200 lbs/ac
placed with the seed did increase soil pH at shdlow depths while arter fertilizer (16-20-0-15) reduced
s0il pH. Levelsof extractable Al increased exponentialy as soil pH decreased. Seed-placed lime (200
Ib/ac rate) did reduce extractable Al near placement depth. The gpplication of pelletized lime within

the seed row does show promise as a strategy to reduce the acidity produced by ammoniacd fertilizers
to soilsin the Plouse. The increasein soil pH or lack of pH decline may be more beneficid for growth
of rotational crops such as peas and legumes, as these crops tend to be more sengtive to acidic soils.
With yearly gpplications of lime in the seed row a continua decline in pH may be avoided aswdl a
persgent decline in soil fertility.

RESULTSAND INTERPRETATION:
1. Asssssthe effects of seed placed lime and fertilizer on seed zone pH and exchangeable duminum
using DS planting methods.



Field gudieswere initiated a two sites (Pullman: 7 yr. continuous direct seed; Palouse: 25 yr.
continuous direct seed), in thefal of 2000. Trestments conssted of two sources of pdlletized lime,
Pacific Calcium (PC) and Golden Brown Sugar Lime (SB), at three rates, 0, 110, and 220 kg ha'®, with
and without 110 kg ha'* starter fertilizer (ammonium phosphate sulfate (16-20-0-14) (Table 1).

Cdpril isthe trade name of the pdlletized lime provided by Pacific Cacium, in Tonasket, WA. This
product has an andysis of CaCO3 > 91% and MgCO3 <1%. The Golden Brown Sugar Limeis aby-
product of the sugar beet processing industry and was provided by Hanson Processing L.L.C,,
Spokane, WA. This product has a guaranteed anadysis (before prilling) of CaCO3 - 77%, Ca - 31%,
MgCO3 - 0.4%, and Mg from limestone - 1%.

Tablel. Lig of trestmentsincluding lime source, lime gpplication rate and with or without Sarter
fertilizer, on each of the stesfor the 2000 lime study.

Treatment Lime Source Lime Rate Starter
Number (kg ha-1) Fertilizer
1 None 0 -
2 None 0 +
3 Pacific Cdcium 110 -
4 Pacific Cdcium 110 +
5 Pecific Cdcium 220 -
6 Pacific Cdcium 220 +
7 Sugar Best 110 -
8 Sugar Beet 110 +
9 Sugar Best 220 -
10 Sugar Best 220 +

Soil pH levels prior to trestments showed marked sratification with depth (Table 2), with lowest pH
occurring in 5-10 cm (2-4 in) depth, likely due to hitory of fertilizer placement.

Table 2. Initid soil pH prior to trestment gpplications a Palouse and
Pullman, WA gites.

Sal 0 e Site Location----------
Depth (cm) Pdouse Pullman
cn mmmeemmeeeee- pH--------nnmmmeem-
0-5 5.62 534
5-10 511 4.94
10-25 5.32 5.48

The Palouse Site was planted to a soft white winter wheet (cv. Madsen) on October 5, 2000 and the
Pullman site was planted to a hard red winter wheet (cv. Columbia 1) on October 19, 2000



(approximately 110 kg seed ha-1). A Fabro no-till plot drill (15 cm-7.5 in spacing, Fabro Inc.,
Canada) with off-set double-disk openers placed lime and starter fertilizer with seed about 5 cm (2 in)
below the soil surface while urea (110 kg N/ha) was deep banded below the seed (7-13 cm) a planting.

At the Pdouse gte, there was no significant effect of lime source on soil pH (data not shown). Nether
lime source had an effect on soil pH of samples collected 1 month after planting (data not shown);
however, samples taken after harvest had higher soil pH in seed-placed lime trestments (220 kg ha'*
meaterid) versus no lime treetmentsin first 4 depth increments (Table 3).

Table 3. Mean pH values based on samples taken after harvest for rate of lime gpplied at the Paouse
dgte.

Treatment Depth (cm)

025 2550 5.0-7.5 7.510 10-12.5 12.515
Lime Rate pH
Okgha' 5.98 5.44 5.13 5.03 5.07 5.33
10 kg ha ! 6.08 5.65 522 5.07 5.05 5.27
220 kg ha* 6.12 5.67 5.30 516 515 5.36
Contrasts (P>F,)
No Limevs S S NS NS NS NSLime
No Limevs. NS S NS NS NS NS
110 kg/haLime
Limevs. S S S S NS NS
220 kg/haLime

Contrasts show sgnificant (S) or non-significant (NS) trestment affects (p<0.1).

The Palouse site had higher overdl mean extractable Al values for the samples taken after harvest than
those taken one month after planting a the same site (Table 4). Only one satisticaly sgnificant
difference occurred at the 4th depth where application of 220 kg ha* of lime produced alower amount
of extractable Al than those found with 0 and 110 kg ha* of lime applied. Throughout the depths
sampled, consistently lower Al values were found with 220 kg ha* of lime applied. Amounts of
extractable Al were dso higher with the gpplication of Sarter fertilizer, dthough these differences were
not Satigicaly sgnificant.



Table 4. Treatment effects on the mean amount of extractable soil Al for the Palouse study Ste after
harvest.

Trestment Extractable AF* by Depth (cm)

0-2.5 2.5-5.0 50-7.5 7.5-10 10-12.5 12.5-15

------------------------------------------------- MY KQGr 1-----=- = mm oo
Okgha' 6.58 a 10.37 a 27.08 a 44.20b 33.26 a 13.13a
110kgha® 6.94a 7.87a 21.34a 40.37b 33.40a 13.16 a
220kgha®  7.01a 6.62 a 15.35a 26.12 a 27.87a 1279 a
No Lime 6.58 a 10.37 a 27.08 a 4420 a 33.26a 13.13a
Sugar Lime  6.59a 7.07 a 18.63 a 35.56 a 36.96 a 11.71a
Pac. Cd.Lime 7.47 a 7.47 a 1797 a 30.28a 2250 a 13.96 a
No Starter 6.87 a 6.78 a 17.01a 33.60 a 28.00 a 1148 a
Starter 6.92a 8.95a 2317 a 37.27a 34.3la 1453 a

*Vdues with same | etter, within the same column are not significantly different with Fishers Protected
LSD (p<0.10). No interactions were observed between source and rate of lime, therefore data are
pooled over lime source.

The dtarter fertilizer trestment decreased soil pH (after harvest) at al depths (Table 5). These results
underscore the acidifying potentid of 16-20-0-15. These results dso indicate that further reductions
in soil pH will continue if no remedid Srategies are utilized.

Table 5. Mean pH vaues asrelated to the gpplication of sarter fertilizer at the six different depths
sampled after harvest at the Pdouse Site.

Starter Fertilizer Depth (cm)

Rate

(kg ha't) 0-25 2.5-5.0 5.0-7.5 7.5-10 10-12.5 12.5-15
_______________________________________________ pH_____________________________________________

0 6.18a 578 a 532a 514 a 516a 537a

110 5.99b 549 b 516 b 5.05b 5.03b 527a

*Vdues with same | etter, within the same column are not sgnificantly different with p>0.10.

2. Determine the effects of lime source and Starter fertilizer source on dry matter accumulation, early
Season nutrient uptake, grain yield, and grain protein.

No effects of lime treatments on wheat emergence were measured (data not shown). Grain yield was
not affected by lime trestments; however, Starter fertilizer trestment did increase yidld a Pullman Ste
(Table6). Yiddsat Pullman ste were low due to poor seed placement by Fabro drill in heavy residue
and severe rodent damage. The lack of gatigicdly sgnificant differencesin yidd may indicate that
there is not a savere enough pH problem within the depths sampled to warrant the application of lime.



Although pH levels a he 3rd, 4th, and 5th depths sampled are rather low and seem to be reaching
growth inhibition levels for most varieties of whest, the roots of these plants may have the ability to
proliferate into the lower zores of soils where the pH is higher and more favorable for growth.

Table 6. Treatment effects on the mean amount of grain harvested from the Pullman and Paouse study
Ste August 2001.

Treatment Pullman Palouse
---------------- Gran Yidd (Mg hat)-------------mmmmmmemeam

Okgha-1lime 4.4 a 7.3a

110 kg ha-1lime 41a 72a
220kg ha-1lime 4.1a 7.2a
No Lime 41a 7.2a
Sugar Lime 40a 71a
Pacific Cdcium Lime 42 a 72a
No Starter 40b 71a
Starter 44a 7.3a

*Vaues with same | etter, within the same column are not sgnificantly different with Fishers Protected
LSDO.]_O.

A trid experiment was conducted to determine the rel ationship between acidified soil, soil pH,
extractable Al, and plant response. Palouse silt-1oam soil from depths of 0to 5 cm and from 5to 10
cmwas utilized. Ten soil samples of 5 g from each depth were prepared and incrementa amounts of
0.121 M HCI were added to acidify the soil to different levels. The acidified soils were then placed
into pots with four replication of each pH level. Ten seeds of soft white spring whest (cv. Zak) were
then placed into the pots and 100 ml of 2.5 x10-4 M calcium nitrate [(Ca(NO3-)2 ? 4H20] was added
to moisten the soil and to provide asource of N for the developing seedlings. The pots with seeds
were then placed into a growth chamber that was maintained at 22°C for the daytime temperature and
17°C for the nighttime temperature. The chamber was aso set for 16-hour day lengths. The growth of
the seedlings was observed daily and the pH of the soil was measured every three days throughout the
experiment. The plants were allowed to develop to for 14 days at which time the plants were removed
from the pots to observe the root development as well as to determine the moist weight of the plant,
dry weight of the plant, and dry weight of the shoots and roots. After the plants were removed from
the pots, the extractable Al content of the soils was again determined and the root dry weight was
graphed as afunction of fina extractable Al concentrations.

Theinitid gpplication of the 0.121 M HCI to the experimental soils created an acceptable range of pH
vauesto derive information about extractable Al concentrations (Figure 1). This curve was utilized to
determine the amount of acid that would be needed to creste arange of acidic soilsfor the plant growth
experiment. It aso displays relationship between soil pH and exchangeable Al.
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Figure 2. Amount of 1 M KCl extractable Al found for with incrementa 0.121M HCI additionsto
experimenta soil. Curve used to determine amount of acid needed to develop acidic soils for plant
growth experiment

After 3 daysin the growth chamber al experimentd pots had seedlings emerging. The control pots had
more seedlings germinating and the seedlings were taler in this experimenta unit than other pots.
Germination and growth seemed to decrease as the amount of acid add to the potsincreased, an
expected out come. Five days after the seedlings were planted the control plants were il taler than
others and germination was still highest in these pots. The pH 3.5 pots had the least amount of
seedlings and the shortest plants of al pots with many of the seedlings just beginning to come through
the soil surface. Find results are shown in Table 7.

Aswith the results found in the pots with surface soil, the control pots in the soils obtained from 5-10
cm maintained significantly (p<0.10) greater shoot, root, overdl plant dry weight aswedl as
sgnificantly greeter shoot height (Table 8). The pots receiving the most acid again had the least shoat,
root, and overdl plant dry weight production as well as the shortest shoot height. Although root
growth was lowest in the pots receiving the most acid additions, the dry weight was not sgnificantly
different from the high or moderate acid additions.



Table 7. Treatment effects on fina soil pH, extractable Al, plant dry weight, shoot dry weight, root dry
weight and shoot height for 0 to 5 cm soil.

Target pH pH Ext. Al Hant Shoot Root Shoot

Measured Dry wt. Dry wt. Dry wt. Height

mgkgl = e S Ccme--
Control 592 a 12.84 a 0.898 a 0.408 a 0.490 a 28.16a
5.0 570 ab 16.01 ab 0.568 b 0.260 b 0.308 b 20.53b
4.5 557 b 14.35 ab 0.498 b 0.273 b 0.225b 20.19b
4.0 505 ¢ 1829 b 0540 b 0.298 b 0.243b 20.23b
35 436 d 60.34 c 0.460 b 0.203b 0.258 b 15.15¢

*Vaues with same letter, within the same column are not significantly different with Fishers Protected LSDg 19. Values
listed are mean values averaged over four replications

Table 8. Treatment effects on find soil pH, extractable Al, plant dry weight, shoot dry weight, root dry
weight and shoot height for the 5 to 10 cm soil.

Treatment pH Ext. Al Hant Shoot Root Shoot
Dry wit. Dry wit. Dry wit. Heght
mgkgl = e o T --CM--
Control 5.88 a 1943 a 0.770 a 0.380 a 0.390 a 23.39a
5.0 5.46 b 19.95a 0.518b 0.208 b 0.310b 13.72cb
4.5 547b 1911 a 0.425 bc 0.188 bc 0.238 bc 14.19b
4.0 498 c 39.94b 0.465 bc 0.205b 0.260 b 14.13b
35 4.37d 105.83c¢c 0.368c 0.135c 0.233c 1243 ¢

*Vaues with same | etter, within the same column are not significantly different with Fishers Protected LSDg 19. Values
listed are mean values averaged over four replications.

3. Evduate the long-term effects on soil pH and plant growth of applying low rates of pelletized lime
in combination with acid forming or pH neutral Sarter fertilizers using two DS rotations.

Tridswereinitisted within the long-term continuous no-tillage rotetion fields at the Paouse
Consarvation Field Station in the fal of 2001 and spring of 2002. Treatments consisted of lime placed
with the seed (200 Ib/ac), surface applied lime (6T/ac), surface applied dementa S (0.25 T/ac) and
control. These trestments were imposed on each crop of two three year rotations. winter wheat/spring
barley/spring wheat and winter whest/winter pea/spring wheat. The surface applied lime and Swere
one time treatments and will not be repeated, whereas the seed-placed lime will be applied as each
crdop is seeded at the 200 Ib/ac rate. Measurements of soil pH and yied will be monitored over time.
Initid levels of soil pH showed digtinct Sratification with the lowest pH levels occurring a 2-4in.

PUBLICATIONS AND PRESENTATIONS:
Severd presentations regarding preliminary findings have been made at Direct Seed Conference
(2001) and at soil seminar at WSU.
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