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CHAPTER |

INTRODUCTION

There has been a growing interest in winter cari@laséica napus) production
over the last five years in the southern Great Plains of the United Statesvadawany
of the soils in these areas are acidic due to years of N-fertilizer ajpptis. The
combination of these factors has created the need to determine the pH anchAt&otd
winter canola in the region (Bohn et al., 2001; Zhang and Raun, 2006).

Canola is a broad-leaf plant in the mustard family that was originally developed
from domesticated rapeseed plants (Boyles et al., 2007). Canola stands foaCaiadi
low acid because of the lowered amounts of erucic acid present (<2%psihere
traditional rapeseed contains 30-60% erucic acid (Canola Council of Canada, 2001).
Through genetic improvement breeders have also been able to lower the amount of
glucosinolates to less than 8® g in air dried canola (Canola Council of Canada,
2001). Canola is being recommended as a rotational crop in continuous winter wheat
production systems, since the overall management of canola is very sintiar o t
winter wheat (Boyles et al., 2006; Boyles et al., 2007). Demand for daa®laeen high
in the United States since canola is a healthy cooking oil and has the potetiaiuer

production (Boyles et al., 2007).



Historically, the Southern Great Plains has grown winter wheat whichecan
grown on moderately acidic soils and can even tolerant strongly acidigpbb#5s)
(Brady and Weil 2002; Zhang and Raun, 2006). Canola is believed to have less tolerance
to soil acidity than wheat. According to sources for spring canola in Minnesaoteay spr
canola has a critical soil pH, concentration in soil which below yield is desieaf
5.5(Hansen, 1998; Havlin et al., 2005). In a study by Slattery and Conventry (1993),
spring canola in Australia showed almost a 25% decrease in production at a pH of 5.5; a
40-60% decrease in production at pH around 5.0. Slattery and Conventry (1993)
concluded canola tends to have higher yields as soil pH approaches neutral.

However, the increase in yield with increasing soil pH was not consistenalbver
the observations, since some soils there was no significant yield incnebseen a
decline in yield when the pH was increased to above >6.3. Mullen et al.(2006) also
found, spring canola responded to application of lime (95-96% Effective Calcium
Carbonate Equivalent) to strongly acidic soils (<5) by yielding 0.8 with no lime
(soil pH 4.37), 0.87 t hhwith 1 t lime h& (1t lime ha' brought the soil pH to 4.85), 1.12
t ha' with 2t lime h& (2t lime ha& brought the soil pH to 5.4), and 1.27t'haith 3t lime
ha' (3 t lime h& brought the soil pH to 5.86).

Acid soils are often observed from many areas of Oklahoma. During 1994 to
2003, the Oklahoma State University Soil, Water, and Forage Analytical Labecce
31,335 (35% of all samples) that had a pH of <5.5 (Zhang, 2000; Zhang, 2004). These
acidic conditions could be the result of heavy usage of commercial ammonia/ammonium
fertilizers, organic matter decomposition, and/or crop removal of basic céfiasad,

1997; Sparks, 2002; Zhang, 2006). Research has shown that continuous application of



ammonium fertilizers can increase soil acidity over time (Blevins, 1983n& and
Raun, 2006; Brandy and Weil, 2002; Sparks, 2003; Bohn, 2001). A majority of
commercial N fertilizers used within the last 50 years have been an aaamnoni
ammonium based; these fertilizers go through the nitrification process) velsialts in a
net loss of two hydrogen ions into the soil system (Zhang and Raun, 2006). Soil acidity
can cause several problems for biological systems in soil (Brady and Weil, ZDO&)of
these problems is Al toxicity. Aluminum toxicity rarely happens in soilshtaae a pH
above 5.5 (Zhang and Raun, 2006). However, when the pH falls below 5.5 the increased
soil acidity can hydrolyze the Al-containing compounds and release Al ionfhentoil
solution (Zhang and Raun, 2006).

A major effect of soil acidity, and Al toxicity, is the reduction of root growth. In
a study by Adams (1966), cotton root growth generally increased as the pHaadcasal
the Al concentration decreased. Under the Norfolk soil type, root length ranged.6
cm, at 4.8 pH and a 0.71 (meq 18Pgf KCl-exchangeable Al, to 13.5 cm, at a pH of 6.1
and a <.01 (meq 100y of KCl-exchangeable Al. Soil acidity can also have an effect on
the availability of soil nutrient to plants. In lower pH conditions, <5.5, many nugrient
are less available (N, K, S, Ca, Mg, and Mo) (Brady, 2002).

Very little research has been conducted to determine the critical saitgpHow
soil acidity affects yield in winter canola. This is why it is importargdtablish a
critical pH and Al concentrations winter canola in the southern Great Plains
The objectives of this study were to: 1) determine the critical soil pH and Al
concentrations for the production of winter canola; and 2) determine Al tolesiince

different winter canola varieties under various soil pH conditions. These obgegiile



be achieved through a field experiment and laboratory analysis. We hypothasize
winter canola cultivars will vary in their tolerance to exchangeable $oiF#dings of
the study should improve the producer’s ability to choose varieties of canola bekt suite

for production in acidic soil conditions.



CHAPTER Il

REVIEW OF LITERATURE

Soil pH is thought to be one of the major contributing factors that determines
what can grow in a particular soil (Weil, 2002). Soils with the pH below 7.0 are
considered acidic. Soil acidification is a complex process involving the calemic
physical, and biological processes in the soil. A little more than a quarter wbtld’'s
soil is considered acidic; this includes some of the major food producing areas:such as
the North-central US, the US South, Western Europe, and China (Havlin, 2005).
Formation of Acidic Soils

Soil acidity is categorized into three “pool”, which are active, exchangealle, a
residual (Brady and Weil, 2002). Active acidity i§ &hd APF* in the soil solution and is
involved in chemical reactions. Exchangeable acidity consist$ ah#i AF* ions on
exchange sites; Hand AP* ions can be released into the soil solution by exchanging with
other cations. Residual acidity is the largest portion, typically non-exchangddbé A
is bond in the crystalline structure of clays and organic matter (Havlin, 2005).

Clay minerals are very important to the soil acidification process. Clagrais are
arranged in sheet-like structures consisting of a ratio between sitedactgtal and
aluminum octahedral sheets; these clays can be arranged in 1:1, 2:1, or 2:1:1 (Havlin

2005). Isomorphic substitutions within these octahedral and tetrahedral sheets



determines the CEC (cation exchange capacity), which is a measure of #lk over
negative charge of the soil. This overall charge of the soil can act as adyafitest solil
pH change. When the pH is increasetiptblecules from the exchange sites are
released; therefore buffering the soil against the pH change. The ratdif¢ation and
neutralization is highly dependent on how much the soil is buffered. In general, soils
with a higher CEC have a higher buffering capacity; whereas, soils with ©&€ have
a lower buffering capacity.

Soil acidity can be caused by many sources, such as: ammonia/ammonium
fertilization, soil organic matter decomposition, nutrient uptake and trangfonnbe
and Al hydrolysis, acid rain, dissociation of,knd leaching (Havlin, 2005; Brady and
Well, 2002; Sparks, 2003). Soil acidity can be increased by the addition of
ammonia/ammonium fertilizers. This is due to the fact that theseZersilgo through the
nitrification process, in aerobic conditions. Nitrification is an oxidation prochghw
normally releases Hons as a product as shown in the equation below (Brady and Weil,

2002; Havlin, 2005)

NH4" + O, NG + HO + 2H'

NO; + O, NG

Net Reaction

NH + 20, — NQ@ + H,O + 2H"



Precipitation is a way for the soil to “naturally” become acidic. Water idibqum
with atmospheric C®has the pH of 5.7 (Havlin, 2005). Precipitation can affect soil
acidity in two ways. The first potential problem with precipitation is aci sahich is
more of a problem in more industrial areas due to the increased pollution (Havlin, 2005).
Cation leaching is also a concern. When water is transported past the rootingezone t
water can carry dissolved ions. The ions in solution can be both anions and cations, the
later increases in displacement with increasing levels of acidansatf and AP*
(Essington, 2004) The displacement of these cations from the rooting zone can increase
the acidity of the soil by decreasing the amount of available cations to disipdese
acidic cations.

Organic matter can also contribute to the overall acidification of soil. When
organic matter is decomposed there is a release pfr@@the soil air space. This GO

can react with kD in the following reaction (Havlin, 2002):

CO,+ H,0 —» HCO; — H+ HCOy

The amount of acidity being produced is dependent on the type of organic matter as well
Organic matter that is under particular vegetation types, like that of coniferesss,

could potentially produce more acidic conditions (Havlin, 2002). Also, some soil organic
matter can contain carboxylic and/or phenolic groups which can reléaseriiar to

that of weak acids (Havlin, 2002). For most mineral soils, such as those in Oklahoma

which could have a lower amount of organic matter, this type of acidificatiomisati



As the amount of soil acidity increase the amount 8f dbes so too
proportionally (Havlin, 2002). Depending on the pH, different forms Al are dominant in

the soil (Sparks, 2003). The following reaction shows the hydrolysis of Al:

AlI** + H,0 <> A(OH]" +H'
Al(OH)*" + H,O <> AI(OH)" + H'
Al(OH)," + H,O <> AI(OH) + H"

AI(OH)3 + H,O <> AI(OH) +H'

The above reaction will move from the top to bottom as soil pH increases.*’Agoab
through hydrolysis it releases afl Molecule which can help act as a buffer against
increasing soil pH (Havlin, 2002).

Soil acidity is becoming an increasing problem for crop production in central and
western Oklahoma (Raun and Zhang, 2006). In eastern Oklahoma soil acidity is more of
a natural occurrence which has resulted in producer’'s management practicesdseing m
adaptive to high levels of soil acidity. This increasing soil acidity in thealeantd
western part of the state is probably due to nitrogen fertilizer applicatiorensing
management.

Classifying Soil Acidity

Soil pH is one of the soil properties that is most commonly tested. Soil pH is a
logarithmic scale that can be calculated by the negative logarithm of ttenkentration
active in the soil solution (Brady and Weil, 2002). Table 1 gives descriptiveslaks

soil pH.



Table 1. Descriptive terms of soil pH.

Descriptive term soil pH range
Extremely acidic <4.5
Very strongly acidic 4.6-5.0
Strongly acidic 5.1-5.5
Moderately acidic 5.6-6.0
Slightly acidc to neutral 6.1-7.3
Slightly alkaline 7.4-7.8

Modified from Sparks, 2003

Soil pH can be determined by mixing soil in deionized water or a salt solution,
usually CaCJ, in either one part soil and either one or two parts solution. The soil pH
measurement from the Ca@ usually lower; this is due to the effect of the salt solution
on the exchange sites, displacing some acidic cations.

Plant Responseto Acidic Soils

About 7% of the Earth’s crust is Al, making it the most abundant metal in the
crust’s composition (Delhaize and Ryan, 1995). Two toxicities are the major cdocer
soils that are in production systems, these are Al and Mn toxicities. As sodqelases,
soluble AP increases. Aluminum is not taken up via active transport, moving particles
across a membrane through the use of energy, due to the fact that it is not a p&antt nutri
however, it can enter the plant through passive water flow (Brady and Weil, 2003).

Aluminum toxicity can reduce the overall growth of the plant; however, root
growth is severely reduced (Clune and Copeland, 1999; Lidon and Barreiro, 2002; Calba
et al., 1999; Tabuchi and Matsumoto, 2001). The roots affected will appear short,
thickened, and stubby (Brady and Weil 2003). These roots will also have minimell late
growth and branching; also, the tips will often turn brown (Brady and Weil, 2003). There
are numerous causes for this decrease in root growth, such as: the linkage of Al to

carboxyl groups in pectin in root cells, the root starting cellulose accumulatteadnsf



synthesis, inhibition of cell division (mitosis) in root apex which can block DNA
synthesis, aberration of chromosomal morphology and structure, blockage of calcium
uptake sites, restricts cell wall expansion, and programmed cell death thyereaggen
species (Lidon and Barreiro, 2002; Brady and Weil 2003).

Plants can resist aluminum in one of two ways. The first mechanism is where Al
is excluded from the root apex (Al exclusion) or a mechanism where the plantte able
resist Al concentrations (Al resistance) (Dong et al, 2008; Miyaskaka, 1991mirAim
exclusion is better understood than that of Al resistance. In the mechanism of Al
exclusion, the root can excrete an anionic organic acid which seems to help detoxify the
Al** (Dong et al 2008). These organic acids, such as malate, citrate, and oxalate, can ac
as Al-chelating agents, therefore decreasing the Al solubility anchegdpotect the root
apex. This excretion of organic acids is to help protect the actively growingoeot a
therefore not limiting growth.

Biological Responseto Acidic Soils

Soil microbes play a significant part in most of the process that occur in the soil
These processes play an important role in the dynamic nature of soil. Prouebses s
organic matter decomposition, mineralization, nitrification, nitrogen fixatian ag¢
keys to soil functionality. Soil pH has been recognized to control the microbiatyactivi
and species composition in a given soil.

Organic matter decomposition rate can be highly affected by soil pH. As shown
by DelLaune et al (1981) the rate of decomposition of organic matter is gedgielsof
7.0 and deceases with both increasing and decreasing pH. This is due to the increased

numbers and diversity of microbial populations near neutral soil pH.
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Microbial processes that control nitrogen availability are both ammongircand
nitrification. Ammonification is the transformation of soil organic matter k™Nand
nitrification is the transformation of Nfito NOs', both processes are controlled by
microbial populations. Soil acidity has limited to no effect on ammonification.
Ammonification can occur even at a lower soil pH compared to nitrification, €39 a
CaCl soil pH (Dancer et al, 1973; Khalil, 2001). Nitrification rate generally deereas
under pH of 6 and is considered very low below a pH of 4.5 (Foth and Ellis, 1988).

Another process that pH can influence is the fixation of nitrogen. Nitrogen
fixation can be reduced by acidity due to injury to the plant or interferirigneilulation
of the bacteria (Hohenberg and Munns, 1984). In a study by Hohenberg and Munns
(1984) nodulation of cowpe&igna unduiculata L.) can be delayed multiple days due to
aluminum concentrations and to a lesser extent soil acidity. They found that af a pH
5.5 nodules would be present around 11 days, if the pH was decreased to 4.5 they found a
delay of 1 to 2 day. At similar pH with low to intermediate aluminum concentration the
nodules would be delayed 2-4 days.

Liming Chemistry

Acidity is commonly neutralized by the addition of calcium or magnesium
carbonates, oxides, or hydroxides commonly called liming agents (Brady ahd Wei
1999). The general reaction occurs when a liming agent, such ag,Ga@dded to an
acidic solil (Sparks, 2003):

CaCQ + H,O—> C% + HCO + OH

11



The hydroxide formed will react with the various sources oioHs in soil. Liming
materials react directly with the acidic ions on the soil surface, regléoagm with either
calcium or magnesium (Brady and Weil, 1999). The overall reaction of acidic sbils w

lime is the following:

2Al-soil + 3CaCQ + 3H,O — 3Ca-soil + 2AI(OH* 3CG

The replacement of the acidic cations with the basic cations raises thetgrse
saturation. Liming alters many chemical processes in the soil; inc(1971) stated that
liming the soil causes the follow to occur:

e Neutralization of acidity

e Increasing base saturation

¢ Solubility of nutrients changes, due to an increase in pH

e Acidic ion toxicities are neutralized

e Acid weather of primary and secondary minerals decreases

e pH dependant CEC is increased

e pH dependant AEC is decreased

¢ Fixation and mineralization of nitrogen increases because of both increase in pH

and base saturation

Not all of these effects are beneficial to a growing plant, some actnaihbe
detrimental. For example, if mineralization is increased then lossesacisimng and

denitrification may also increase, depending on environmental circumstances.

12



LimeApplied

The amount of lime required to increase soil pH to the desired level is dependent
on properties of both the soil and the liming agent, these include: 1) the change
required, 2) the buffer capacity of the soil, 3) the composition of the liming agent,
such as calcium carbonate equivalent, and 4) the fineness of the liming ageyt (Br
and Weil, 1999).

Calcium carbonate equivalent (CCE) is a measure of a liming agents aegrali
ability compared to calcium carbonate (Havlin 2005). Some of the more commonly
used liming agents and their CCE are giving below:

Table 2. CCE of common liming materials.

Liming Material CCE

-%-

CaO 179

Ca(OH), 135

CaMg(COs), 109

CaCO, 100
CaSiO, 86

Modified from Havlin, 2005

The fineness, sometimes call the fineness factor (FF), of the limerg &gl affect the
reactivity of the liming agent. The smaller the lime the quicker it seadhe soil

because of the increased surface area. The FF is determined by pesBmopg agent

through a designated number sieve. The effective calcium carbonate equivalegi (E

is determined using the CCE and the FF. Using the ECCE you can determine the amount

of a specific liming agent you need to apply to raise the pH to reach certain level

13



Canola Responseto Liming

The issue of the response of liming in crops has been fully addressed for several
crops but limited research has been done for winter canola, which is evident in tha limit
literature. There has been studies performed in Australia on spring canola, hakeye
are limited and sometimes only addresses spring canola’s response to lime.

In a study by Mullen (2006), canola showed a positive response to liming (95-
96% Effective Calcium Carbonate Equivalent) in acidic soils (pH <5). Yield was
increased as lime increased by the following: 800 (kY téth no lime, 870 (kg hd
with 1 (ton lime h&), 1120 (kg aé) with 2 (tons lime at), and 1270 (kg &) with 3
(tons lime a&). Similarly, in a study by Slattery and Conventry (1993), canola showed
an increase in yield with decreasing acidity. Slattery and Conventry (48@3)
measured the effects of liming on the concentrations of both aluminum and manganese.
They found that on the sites in which liming decreased the concentrations of aluminum
and manganese there was a significant increase in yield. However, foreaihatsihe
lime did not decrease the aluminum and manganese concentrations there was not an
increase in yield. No substantial literature was found for the response af eant#a to
soil pH or aluminum concentrations.
Summary

Over the last couple of years there has been a large push émtiglobiofuel
crops. Canola has the potential to be one of those crops; howevell] havstlimited
understanding for producing winter canola. In the southern Great Rtensurface
application of ammonia/ammonium based fertilizers has lead tonttrease of soil

acidity in the surface horizons, therefore putting greater stresen-acid tolerance crop

14



species. Research has been very limited in regards to ¢eésedf acidic soils on winter
canola production. Currently recommendations for the critical fianitwinter canola

production are based on spring canola and greenhouse experimentation.

15



CHAPTER IlI

METHODOLOGY

Field Experiment

The field experiment were established in 2007 and 2008 at the Cimarron Research
Station, near Perkins, Oklahoma (35°59'45.88” N, 97°02'33.68” W). Temperatures and
precipitation for both growing seasons and 30-year averages are given inlkigure
dominant soil series at the location is the Konawa series, which is adimgsl mixed,
thermic ultic haplustalfs.

Five blocks were set up at the Cimarron Research Station in the Fall of 2006.
Each blocks had the dimensions of 8-m wide and 20-m in length, as shown in Figure 2.
The blocks were laid out to follow a preexisting soil acidity gradient in an ipleben
block design. Prior to planting in 2006, one composite soil sample was taken from 0-15
cm to determine plant available N, P, and K concentrations. Solil tests iddi&alte
NOs-N ac?, soil test P index of 71, and soil test K index of 403 were present at the
location. No additional P or K were added during the study since soil test iddicate
100% sufficiency of both nutrients.

Eight cultivars were then selected. In each block only six cultivardpdspace
limitations, were planted at the seeding rate of 5.6 Kg liEach cultivar was planted in 4

row wide plots at a spacing of 20 cm. Cultural practices are outlined in Table 3. One-

16



hundred and sixty eight kg N havas applied with one-third applied at planting
and two-thirds applied top-dress. Throughout the season the plots were maiwigoe
free.

Table 3. Culturial practices for the 2007 and 20@8ving season
Planting date Top-dress date Harvesting date

2006-2007 9/13/2006 2/13/2007 6/7/2007

2007-2008 9/3/2007 2/11/2008 6/10/2008

The canola was hand harvested in early June 2007 and 2008. At harvest the
blocks were divided into individual plots measuring 1 m by 1.3 m (width of four rows),
as shown in Figure 2. These plots were harvested by hand clipping all 4 rowspldEach
was thrashed on-site using an Almaco Thrasher (Almaco; Ames, lowa), ssebtheas
placed in plastic bags. The seeds were then allowed to air dry at room temgerature
days. Then the grain was weighed and moisture readings taken and analyzed. Gra
yield was corrected to 100 g kgnoisture.

Soil samples were taken in both 2007 and 2008 immediately after harvest. A
composite soil sample consisting of four soil cores were taken from all thveduredi
plots, 1m by 1.3 m, to a depth of 15 cm and were placed in a mesh soil sample bag. The
samples were then placed in drying ovens, 67° C, for 72 hours and ground to pass a 2-mm
sieve.

Soil pH was analyzed by preparing a 1:1 soil/water ratio (10g of soil and G0m
water) and pH was measured using a pH electrode (Fisher ScientifiptéfarNew
Hampshire) (Thomas, 1996). In addition, extractable-Al measurements wenidet

by using the Bertsch and Bloom method (1996). In this method 5 g of soil was mixed

17



with 25 mL of MM KCI, extracts were obtained using Q2 quantitative filter paper, and

analyzed using a coupled plasma-atomic emission spectroscopy (Spentrange
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Cultivar
4 2 1 3 6 5
5.2
5.2

5.9
5.7
5.5
5.2
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4.6
4.7
4.3

20 m 4.7
4.6
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A\ 4

8m

Figure 2. Example diagram of 1 block at the sitéividual cultivars were planted the length of the
block. Each block is 8-m wide and 20-m in lengtidividual plots are 1.3-m wide and 1-m in
length. Four soil cores were taken per plot postds.
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Laboratory Experiment

A laboratory experiment was conducted to determine the influence of Al
concentrations on root growth. Nine winter canola cultivars, which were used in ¢he fiel
experiment, were included in this study. Canola seedlings were geminamatetton
balls that were placed on top of 15 mL conical centrifuge tubes that contained DI wate
The experiment was laid out in a split plot design with Al concentrations as thelogi
and cultivar as the sub-plot. After germination, seedlings were allowedwofgr 72-
hours in DI water. After the 72-hour period the seedlings were transplanted interdiffe
Al concentration solutions. The aluminum solutions were made using aluminum chloride
(AICI3) which was then diluted to give the final Al concentrations of 20, 40, 60, 80 mg L
! The seedlings were allowed to grow in the aluminum solutions for 96-hours. Root
lengths were measured and analyzed.
Statistical Analysis

Soil and yield data was analyzed using SAS software version 9.2 (SAS, 2001).
Main effects for the field study were year, soil pH, and cultivar. Sincesiti@nces
between years were different, years were analyzed separatey2008 growing season
data was not normally distributed; therefore the data were adjusted usingearsquar
transformation (Steel and Torrie, 1997), taking square root of the winter cpaola
yield plus 0.5 {yield + 0.5). Regression analysis was performed using PROC REG to
determine the relationship between soil pH and winter canola grain yieldslopas s
from the regression analysis were compared to determine the differemesganse to
the soil pH by the winter canola cultivars. A linear plateau model was fig #&ROC

NLIN, to determine the critical soil pH for the 2007 growing season. For thetabpr
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experiment, the main effects were aluminum concentration and variety. A paired
comparison was used to determine the response of winter canola’s root lengths to
aluminum concentration both between different aluminum concentrations and between

cultivars.
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CHAPTER IV

RESULTS AND CONCLUSIONS

1.1 Field Experiment
1.1.1 Soil pH and KCl-extractable aluminum

Soil pH (water:soil) varied along the pH gradient from 4.1 to 6.5 and 3.9 t0 6.5 in
2007 and 2008, respectively. Differences between years were observed for soil pH. Soi
pH was lower on average in 2008 compared to 2007. This difference can probably be
attributed to temporal variability in soil pH. For example, soil samples tediég 2007
from plot 101-6 indicated a soil pH 4.9; however in 2008 the soil pH was lower at 4.6.

This was the case for most plots (data not shown).

Potassium chloride extractable Al ranged from 1 to 201 rifgakgl 1 to 162 mg
kg in 2007 and 2008, respectively. Similar to soil pH, Al concentrations were different
between 2007 and 2008. Potassium chloride-extractable Al was lower in 2008 compared
to 2007 concentrations. This difference is surprising since soil pH was actuadhyin
2008 and one would expect higher Al concentrations. For example, plot 101-8 in 2007
the KCl-extractable aluminum concentration was at 153 rifgwith the soil pH of 4.8)
and in 2008 the KCl-extractable aluminum concentration was at 115 Mgvith the
soil pH of 4.6). This difference between years was probably due to temporabwariati

between the two sampling years. Samples for the 2007-2008 season were callected i
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drier conditions; whereas, in 2006-2007 samples were collected in moist
conditions. The drier conditions could increase the ionic strength, thereforenigweri
soil pH (Dyer et al., 2008).

Potassium chloride-extractable Al decreased exponentially with incgessil
pH (Figure 3). Even though the relationship between KCl-extractable Al and so&pH w

different between the 2 years, KCl-extractable Al approached Orhgtkaysoil pH near

5.9.
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1.1.2 Grainyields

Differences were observed betweens years, so yield data werecahsdymrately
for each year. The relationship between canola grain yield and soil pH ismgiven i
Figures 4 and 5. For the 2007 growing season, the canola grain yields ranged from 0 to
2826 kg hd with an average of 1046 kghaln 2007, there was a strong linear
relationship between canola grain yield and soil gEQ70 p-value <0.01), for every 0.1
increase in soil pH canola grain yield increased 157 Ky fégure 4 also illustrates a
linear plateau model that was fit to the data (p-value <0.01). Canola grainegelked a
critical soil pH at soil pH of 5.8, whereas soil pH increased canola grain yiettbdi
continue to increase. In reality we would have like more data points above a pH of 5.8
but this model seems appropriate based on other data and we would assume a plateau at

or near a soil pH of 5.8.

For the 2008 growing season, canola grain yields were lower comparetiito yie
observed in 2007. Grain yield ranged from 0 to 1800 Kgvith an average yield of
133.8 kg hd. Due to the increased amount of low yielding plots in 2007-2008 growing
season data were not normally distributed. Therefore, canola grain yie&ls we
transformed using a square root transformatiyre(d+0.5). Similar to the 2007
growing season there is a linear relationship between canola grain yielsisilqoH
(r*=.55 p-value <0.01), where for every 0.1 increase in soil pH canola grain yields

increased 38 kg Ha

Lower yields for the 2007-2008 season can probably be attributed to the climatic

differences between the two years, as seen in Figure 1. In the 2006-2@0/ seas
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temperature in the month of March was above average. Also, below averageimainfall
the late fall of the 2008 growing season (Figure 1) possibly decreased the oeer wint
survivability of the canola rosettes due to lack of moisture. This is due to additiesal s
that would not allow for adequate crown and root system development (Boyles, 2006).
This lack of root development was compounded due to most of the plants were already

stressed because of stunted root systems due to Al toxicity.

The relationship, for both years, between canola grain yields and soil pH is
similar to that found by others (Slattery and Conventry, 1993; Mullen, 2006) in spring
canola. Slattery and Conventry (1993) found a decrease in spring canola ddsinage
soil pH decreased. In a study by Mullen (2006), spring canola grain yield weased
as soil pH increased from 1120 kgtet soil pH of 5.4 to 1270 kg Hat the soil pH of
5.9 (a 13% increase in yield). Inthe 2006-2007 growing season we found a similar
increase, when soil pH was at 5.4 canola grain yield averaged 1500 kgdhaveraged
2000 kg hd at soil pH 5.8 (a 33% increase in yield). For the 2007-2008 growing season
there was also a similar trend however not as pronounced as 2006-2007, when soil pH
was 5.4 canola grain yield averaged 450 K{ &vad averaged 550 kg hat soil pH 5.8

(a 22% increase in yield).

Figure 4 shows that in the 2007 growing season canola grain yields reached an
critical soil pH at 5.8. In 2008, a lack of observations above a soil pH of 5.8 prevented
identifying a plateau in grain yield. Previous research has found that spnivlg can
tolerate soil pH levels as low as 5.5 (Canola Council of Canada, 2003; OMAFRA, 2002).
Slattery and Conventry (1993) stated that compared to wheat and triticale sanola i

considered sensitive to soil acidity. This is due to canola having a higheal gritic
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This study would confirm this when compared to the results found by Kariuki (2007),

which found that winter wheat has a critical soil pH of 5.5.
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1.1.3 Cultivar response to soil pH

Table 4 shows a correlation between individual cultivar and soil pH. Individual
cultivars showed different response to soil pH. In the 2006-2007 growing season, grai
yields of KS 9135, Wichita, and Baldur were correlated to soil pH havingwatue of

0.88, 0.85, and 0.81, respectively (p-value <0.0001).

Grain yield for KS 9135 increased 189.7 kg tiar every 0.1 increase in soil pH.
Canola grain yields of Wichita and Baldur increased 181.3 Rgahe 161.3 kg hg

respectively, for every 0.1 increase in soil pH.

For the 2008 growing season Kronos grain yields were correlated with soil pH
(r’= 0.74). KS 3269 and Sumner grain yields were also correlated with softp1&#
and 0.63 respectively). Grain yields for Kronos, KS 3269, and Sumner increased 53.1,

30.6, and 32 kg hha respectively, for every 0.1 increase in soil pH. Unlike the 2006-
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2007 growing season both KS 9135 and Wichita grain yields were correlated with soil pH
in the 2007-2008 growing season. DKW 13-69 also was correlated to soil pH. The
differences between years may be attributed to variation of clineatesen the two

years, as shown in Figure 1.

Table 4. Winter canola grain yields as a functiba:@ (soil:water) soil pH. Soil pH ranged frc
4.1to 6.5 in 2006-2007 and from 3.9 to 6.5 in 2Q008.

2006-2007 2007-2008t

Equation r? Equation 2
KS 9135 1897x-8710 0.88 14.5x-59.6 0.46
Wichita 1813x-8486 0.85 15.5x-64.4 0.48
Sumner 2075x-9541 0.54 14.6x-62.9 0.63
Baldur 1613x-7308 0.81 12.8x-54.5 0.55
KS 3269 nat na 15.3x-64.8 0.64
KS 3074 1035x-4277 0.44 18.8x-80.7 0.56
DKW 13-69 1456x-6455 0.68 9.5x-38.9 0.42
Virginia 1164x-5186 0.61 na na
Kronos na na 18.2x-77.5 0.74

t 2007-2008 data was transformed using squarernaformation {yield+0.5)

t Data is unavailable since cultivar was not used given year

Table 5. P-values for slope comparison between 200tr canola cultivars response to 1:1 (soil:wateil
pH

KS 9135 Wichita Virginia Sumner Baldur EXP6® KS 3074 DKW 13-69

KS 9135 0.61 <0.01 0.55 0.13 0.10 <0.01 0.04
Wichita 0.61 <0.01 0.33 0.21 0.17 <0.01 0.07
Virginia <0.01 <0.01 <0.01 0.02 0.02 0.57 0.20
Sumner 0.55 0.33 <0.01 0.13 0.10 <0.01 0.08
Baldur 0.13 0.21 0.02 0.13 0.93 0.01 0.50
EXP 3269 0.10 0.17 0.02 0.10 0.93 0.01 0.52
KS 3074 <0.01 <0.01 0.57 <0.01 0.01 0.01 0.13
DKW 13-86 | 0.04 0.07 0.20 0.08 0.50 0.52 0.13
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Table 6. P-values for slope comparison between 206&r canola cultivars reponse to 1:1 (soil:wpseil
pH.

KS 9135 Wichita Kronos Sumner Baldur KS 3269KS 3074 DKW 13-69

KS 9135 0.68 0.07 0.97 0.41 0.73 0.07 0.02
Wichita 0.68 0.20 0.69 0.19 0.92 0.18 0.01
Kronos 0.07 0.20 0.05 <0.01 0.12 0.79 <0.01
Sumner 0.97 0.69 0.05 0.35 0.71 0.07 0.01
Baldur 0.41 0.19 0.00 0.35 0.20 0.01 0.08

KS 3269 0.73 0.92 0.12 0.71 0.20 0.13 <0.01
KS 3074 0.07 0.18 0.79 0.07 0.01 0.13 <0.01
DKW 13-69 | 0.02 0.01 <0.01 0.01 0.08 0.00 <0.01

To determine if the canola cultivars responded differently to varying soil pH the
slopes of the linear regression lines were compared for 2006-2007 and 2007-2008
growing season (Figure 5 and 6). For 2006-2007, Virginia responded differently
compared to every cultivar with the exception of KS 3074 and DKW 13-86. The slopes
for Virginia and KS 3074 possibly indicated they are less sensitive to sotlyacidi
KS9135 responded differently to only Virginia and KS 3074. The larger slope of
KS9135 could indicate it being more sensitive to soil acidity. In 2007-2008, DKW 13-69
responded differently to every cultivar with the exception of Baldur. The smialber s
of DKW 13-69 may indicate that it is less sensitive to soil acidity. KS 3074 regponde
similarly to every cultivar with the exception of DKW 13-69. The slope for KS 3074
possibly indicated that it is more sensitive to soil acidity.

These results were not consistent between years. In 2006-2007, when there was
less environmental stress, cultivars such as DKW 13-86 seemed to be ldssedensi
soil acidity, but in 2007-2008 growing season, when there were more environmental
stresses, DKW 13-86 appeared to be more sensitive to soil acidity. Due to
inconsistencies between years a greenhouse study was established tintipateehe

inconsistencies due to the temporal variability. We predict that if the tenvaoiability
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was minimized our results would be similar to the results found by Kariuki e20al7
in winter wheat. Kariuki found that the differing winter wheat cultivars respwased
when grown in acidic soils.
2.1 Laboratory Experiment

A laboratory experiment was carried out to determine if canola root growth is
affected by increasing aluminum concentrations. The overall mean lengtcfor
cultivar at each aluminum concentration is given in Figure 6. A Tukey sveéssused to
determine differences in the response to the various Al concentrations wahin ea
cultivar, as well as determining differences within Al concentrations fdr ealtivar.
Differences in root lengths were found by subtracting root lengths from sicgeal
concentrations. For example, the root length at 20 mg AWty be subtracted from the

root length at 0 mg Al Kg

Table 7. Difference of root length at increasingnaihum concentrations (0-20,
20-40, 40-60, 60-80 mg Al'b for winter canola cultivars.

0-20 20-40 40-60 60-80
- - - mm [

KS 3074 1.94 3.3a 1.9a 11.0a
Virginia 3.1b 4.0ab 3.8b 9.1bc
Sumner 5.5d 4.9bc 1.9a 8.2bc
Kronos 4.3bc 6.1de 3.6b 8.3c
DKW 13-69 1.7a 7.4de 5.0b 6.8d
KS 9135 4.0bc 4.5bc 1.7a 9.3bc
Wichita 4.7cd 5.8d 1.0a 11.7a
Baldur 4.1bcd 5.2cd 3.8b 9.1bc

tDifferent letters within column indicate differersce

This was used to determine the decrease in root length of each cultivar with
increasing aluminum concentrations. The decrease in root length from 0 to 20Lig Al

was the smallest for KS 3074 and DKW 13-69, indicating less sensitivity to Al.
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However, the difference in root growth between 20 mgAkhd 40 mg Al [! indicated
DKW 13-69 had a greater decrease in root length compared to KS3074, Virginia,
Sumner, and KS 9135.

Looking at difference within each cultivar (Figure 6) the average rogtHdar

each aluminum level were compared using the Tukey comparison method.

30

25 4

/
7
Z

o

NN

Z
20-?
7
7

. 0mg AlL-1

Z

2
7
7
Z
10-2
Z
7
%
2
é
7

KS 3074 virginia Sumner Kronos DKW 13-69 K5 9135 Wichita Baldur

15 - #20mgAlL-1

Root length {(mm)

H40mg AlL-1

&0mgAlL-1

NE0mgAlL-1

™

A NN

.\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\X\\\\\\\ @

777
.’//// i
w7 =
777
s =
.//l -
7.

Cultivar

Figur= 6. wWinter canolareat length as afunction of aluminum concantration, Differantlettars indic at=
differances chithin cultivar (P 0055

When comparing the mean root length for 0 mg Altd 20 mg Al L there was a
difference for every cultivar with the exception of KS 3074 and DKW 13-69. This could
possibly show that these two cultivars are less sensitive to low coatammg of Al.

However, the difference between 0 mg Al &nd 40 mg Al [* was significant for all

cultivars. Both KS 3074 and DKW 13-69 had differences in mean root length between
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the 20 mg Al I and 40 mg Al [*. When comparing the mean root length between 40
mg Al L™ to 60 mg Al L* there was no difference for KS 3074, but there was a
difference for DKW 13-69; however, there is a difference for both cultlvetiseen 40

mg Al L't and 80 mg Al [!. Both cultivars had a significant difference between 60 mg

Al L™ and 80 mg Al [*. This possibly showed that these two cultivars seemed to be less
sensitive of low Al concentrations due to showing no difference between 0 higtal

20 mg Al L. In both the laboratory and the field (2006-2007) experiment KS 3074 and
DKW 13-69 appeared to be less sensitive to the effects of soil acidity.

This study found similar results as Clune and Copeland (1999), where canola
seedlings root length was decreased by 45% at aluminum concentrations of 80pumol.
Clune and Copeland found that the greatest spring canola root growth occurred between
20 and 40 pM; this study also found that at low aluminum concentrations (23)mg L
canola roots were decreased. Adams (1966) found when determining the effects of
chemical activity in different soil types in all soil types, as aluminumeatnation
increased cotton roots decreased. The varying response of the cultivararggithe
findings of Kariuki et. al. (2007), were wheat cultivars responded differentyoga
levels of aluminum saturation. This study agrees with previous resedhat as
aluminum concentrations increased root length and root growth decreased.

Relating Field and Laboratory:

According to the field experiment our critical pH 5.8 correlated to 14.7 mg Al kg

1 and 11.3 mg Al kg in 2007 and 2008 respectively (Figure 7). This is similar to the

results found in the laboratory experiment where 7 of the 9 cultivars decreased in root
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length at 20 mg Al I, which is greater than our critical Al level, where Al

concentrations are high enough to reduce yield.

Al concentration (mg kg')
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Figure 7. Aluminum concentrations correlated to critical soil pH of 5.8. mg Al kg-l mg Al kg'l
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CHAPTER V

CONCLUSION

Potassium chloride extractable-Al concentrations and 1:1 (soil:wateptsoil
influenced winter canola grain yields. Current critical soil pH recomniemda given
by Oklahoma State University Department of Plant and Soil Sciences, of & 8wed
to be adequate for winter canola growth. Field and laboratory studies indicated that
winter canola is very sensitive to KCI extractable-Al.

Field testing to determine the effect of soil pH on individual cultivars was not
consistent between years due to environmental differences. However, labsnadoey
indicated that differences do exist in Al tolerance of winter canola/atsti

Winter canola producers in the southern plains need to closely monitor their soil
pH in order to limit yield loss due to soil acidity. Variety selection apptabe a
management tool for slightly acidic soils (5.5 to 5.8). Future research will naadhter f

investigate these differences between cultivars.
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CHAPTER VI

FUTURE RESEARCH

Future research will need to further examine the differences in cultsonse
to soil acidity. Differences in cultivars have shown promise in a controllecdakaiopr
environment and could provide producers a valuable management tool when they try to
grow winter canola in acidic soils. Also, future research needs to be conpiuttheting
the critical soil pH for winter canola production in other soils type and other
environmental conditions. Both 2006-2007 and 2007-2008 where not “normal” year in
Oklahoma; therefore, extending the study a couple more years might help esddbee
inconsistencies that were found in the field study.

Also, trying to determine what species of aluminum are causing the decrease
winter canola production. Trying to determine if any other toxicitiepagsent at these
low soil pH’s that might be decreasing winter canola production; such as maagane
Additional laboratory work will always need to be continued to determine the aluminum
sensitivity of new winter canola cultivars.

Although many steps were taken in this study to determine the affects of low soi
pH’s on winter canola production, there is more research that needs to be done in order to

fully understand the interaction between winter canola and soil pH.
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Grain Yield (kg hat)
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Figure 3A. 2006-2007 Virginia grain vield as a function of 1:1 {seilzwater) soil pH.
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Figure 4A 2006-2007 Sumner grain vizld asa function of 1:1 [soilseater) soil pH.
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Figura 16A. 2007-2008 DKW 13-69 transformed grainvizld as a function of 1:1 {soilnuatar) oil pH.
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2006-2007 growing season data:

Plot #
101-1
101-2
101-3
101-4
101-5
101-6
101-7
101-8
101-9
101-10
101-11
101-12
101-13
101-14
101-15
101-16
101-17
101-18
101-19
102-1
102-2
102-3
102-4
102-5
102-6
102-7
102-8
102-9
102-10
102-11
102-12
102-13
102-14
102-15
102-16
102-17
102-18
102-19
103-1
103-2
103-3
103-4
103-5
103-6
103-7
103-8

Ib/ac
1708.616
1118.103
1021.297
1089.061
803.485
716.3601
382.3814
164.5692
0
53.24298
193.6108
411.423
1848.984
1466.602
1452.081
890.6099
1732.817
948.6931
2028.074
0
895.4501
1103.582
808.3253
363.0203
87.12488
0
0
0
0
203.2914
634.0755
1331.075
2168.441
1611.81
1631.171
1650.532
1481.123
2076.476
0
169.4095
372.7009
459.8258
164.5692
372.7009
0
275.8955

Ib/plot

0.353
0.231
0.211
0.225
0.166
0.148
0.079
0.034
0
0.011
0.04
0.085
0.382
0.303
0.3
0.184
0.358
0.196
0.419
0
0.185
0.228
0.167
0.075
0.018
0

0

0

0
0.042
0.131
0.275
0.448
0.333
0.337
0.341
0.306
0.429

0.035
0.077
0.095
0.034
0.077

0.057

kg/ha
1918.263
1255.294
1146.61
1222.689
902.0726
804.2575
429.2996
184.7619
0
59.7759
217.3669
461.9046
2075.854
1646.554
1630.252
999.8877
1945.434
1065.098
2276.918
0
1005.322
1238.991
907.5068
407.5629
97.8151
0
0
0
0
228.2352
711.8766
1494.397
2434.509
1809.579
1831.316
1853.053
1662.857
2331.26
0
190.196
418.4313
516.2464
184.7619
418.4313
0
309.7478

¥OpH CaC}

5.413 4.632
5.231 4.157
5.18 4.05
5.341 4.563
5.049 4.002
4.932 4.333
4.755 3.841
4.774 3.968
4.83 3.974
4.699 3.95
4.928 4.125
4.792 3.87
5.321 4.623
5.304 4.452
5.423 4.28
5.239 4.683
5.478 4.141
5.088 4.527
5.602 4.262
4.805 3.901
4.925 4.398
5.231 4.523
5.108 4.347
4.961 4.185
4.89 4.013
4.501 3.667
4.807 3.996
4,913 3.94
4,984 3.956
5.016 4.019
5.131 4.2
5.497 4.659
5.615 4.798
5.694 4.694
5.732 4.801
5.679 4.833
5.528 4.201
5.98 4.712
4.644 3.589
4.622 3.821
4.668 3.98
4.912 3.956
4.742 4.167
4.623 4.126
4.576 3.569
4.629 3.988

49

Adjusted Al
86.70
92.10
66.20
57.15
64.20
62.80
112.80
153.35
161.55
130.05
124.40
78.40
71.30
49.10
18.84
13.84
10.29
22.59
5.09
119.85
79.50
97.80
110.15
104.45
144.55
148.20
156.40
160.25
155.45
130.30
87.25
87.60
22.99
36.10
11.15
25.52
26.30
27.30
123.45
122.15
105.65
104.05
123.75
111.80
147.45
137.90



Plot #
103-9
103-10
103-11
103-12
103-13
103-14
103-15
103-16
103-17
103-18
103-19
104-1
104-2
104-3
104-4
104-5
104-6
104-7
104-8
104-9
104-10
104-11
104-12
104-13
104-14
104-15
104-16
104-17
104-18
105-1
105-2
105-3
105-4
105-5
105-6
105-7
105-8
105-9
105-10
105-11
105-12
105-13
105-14
105-15
105-16
105-17
105-18
106-1
106-2

Ib/ac
0
0
0
251.6941
1389.158
934.1723
1374.637
1345.595
2013.553
788.9642
1311.713
275.8955
503.3882
1423.04
687.3185
682.4782
648.5963
561.4714
121.0068
43.56244
0
929.332
1999.032
2163.601
900.2904
2454.017
2323.33
1519.845
1011.617
0
561.4714
0
266.2149
183.9303
116.1665
377.5411
38.72217
67.76379
24.20136
53.24298
435.6244
1461.762
1955.47
1824.782
1524.685
2337.851
909.971
0
551.7909

Ib/plot

0

0

0

0.052
0.287
0.193
0.284
0.278
0.416
0.163
0.271
0.057
0.104
0.294
0.142
0.141
0.134
0.116
0.025
0.009

0.192
0.413
0.447
0.186
0.507
0.48

0.314
0.209

0.116

0.055
0.038
0.024
0.078
0.008
0.014
0.005
0.011
0.09

0.302
0.404
0.377
0.315
0.483
0.188

0.114

kg/ha
0
0
0
282.577
1559.607
1048.795
1543.305
1510.7
2260.616
885.7701
1472.661
309.7478
565.1539
1597.647
771.6525
766.2183
728.1791
630.364
135.8543
48.90755
0
1043.361
2244313
2429.075
1010.756
2755.125
2608.403
1706.33
1135.742
0
630.364
0
298.8795
206.4985
130.4201
423.8654
43.47338
76.07841
27.17086
59.7759
489.0755
1641.12
2195.406
2048.683
1711.764
2624.705
1021.624
0
619.4956

¥OpH CaC}

4.68 4.019
4.321 3.625
4.737 3.884
4.632 4.106
5.527 4.689
5.208 4.556
5.52 4.701
5.706 4.9
5.85 5.015
5.26 4.532
5.262 4.361
5.047 4.013
4.944 4.092
5.046 4.079
5.134 4.287
5.072 4.189
4.861 4.078
5.062 4.132
4.907 3.998
4.987 3.891
5.04 3.995
4,997 4.085
5.391 4.563
5.545 4.682
5.041 4.722
5.616 4.783
5.436 4.747
5.491 4.854
5.889 4.876
4.452 3.979
4.583 4.081
4.862 3.719
5.104 4.093
4.95 3.92
4.926 3.946
4.606 3.895
4.856 3.941
4.484 3.832
4.624 3.859
4.855 3.96
5.004 4.099
5.611 4.671
5.767 4.753
5.666 4.692
5.554 4.989
5.844 4.804
5.369 4.46
4.77 3.984
4.977 4.101

50

Adjusted Al
151.05
157.60
154.45
102.90
67.55
18.76
39.31
7.95
17.81
35.78
42.06
111.90
109.55
59.65
87.75
73.15
89.45
102.05
136.65
158.60
142.15
94.80
53.60
23.61
14.45
10.24
11.67
13.25
67.25
142.85
121.25
138.05
92.80
128.40
137.25
154.45
157.10
154.45
149.25
148.15
111.75
74.75
37.27
26.01
15.04
10.54
42.61
151.25
122.90



Plot #
106-4
106-5
106-6
106-7
106-8
106-9
106-10
106-11
106-12
106-13
106-14
106-15
106-16
106-17
106-18
201-1
201-2
201-3
201-4
201-5
201-6
201-7
201-8
201-9
201-10
202-1
202-2
202-3
202-4
202-5
202-6
202-7
202-8
202-9
202-10
205-1
205-2
205-3
205-4
205-5
205-6
205-7
205-8
205-9
205-10
206-1
206-2
206-3
206-4

Ib/ac
256.5344
614.7144
532.4298
271.0552
280.7357
358.1801
300.0968
271.0552
392.062
1171.346
0
1476.283
977.7348
1132.623
939.0126
0
0
348.4995
464.666
953.5334
1500.484
1940.949
1844.143
1098.742
1466.602
0
14.52081
0
290.4163
1452.081
2086.157
1694.095
1723.136
1703.775
1064.86
0
0
0
1331.075
1398.838
1815.102
1999.032
2028.074
1418.199
943.8529
0
0
38.72217
1384.318

Ib/plot

0.053
0.127
0.11

0.056
0.058
0.074
0.062
0.056
0.081
0.242

0.305
0.202
0.234
0.194
0

0
0.072
0.096
0.197
0.31
0.401
0.381
0.227
0.303

0.003

0.06
0.3
0.431
0.35
0.356
0.352
0.22

0.275
0.289
0.375
0.413
0.419
0.293
0.195

0.008
0.286

kg/ha
288.0111
690.1399
597.759
304.3136
315.182
402.1288
336.9187
304.3136
440.168
1315.07
0
1657.423
1097.703
1271.596
1054.229
0
0
391.2604
521.6805
1070.532
1684.593
2179.103
2070.42
1233.557
1646.554
0
16.30252
0
326.0503
1630.252
2342.128
1901.96
1934.565
1912.829
1195.518
0
0
0
1494.397
1570.476
2037.815
2244.313
2276.918
1592.212
1059.664
0
0
43.47338
1554.173

¥OpH CaC}

4.881 4.113
4.764 3.944
4.831 3.934
4.56 3.899
4.91 3.934
4.934 3.933
4.843 4.083
4.584 3.665
4.989 4.076
5.061 4,151
5.207 3.8
5.488 4.509
5.217 4.215
5.35 4.421
5.185 4.239
4.7 3.899
4.798 3.883
4.653 3.895
4.689 4.022
5.074 4.2
5.309 4.495
5.86 4,951
5.662 4.701
5.426 4.577
5.537 4.783
4.777 3.819
4.649 3.712
4.684 3.85
4.876 4.007
5.206 4.651
5.932 4.488
5.675 5.002
5.695 4.697
5.54 5.061
5.65 4.909
4.696 3.69
4.773 3.78
4.492 3.741
5.196 4.18
5.285 4.21
5.313 4.382
5.681 4.816
5.926 4.744
5.597 5.031
5.673 4.836
4.654 3.745
4.309 3.465
4.34 3.907
4.854 4.09

51

Adjusted Al
142.80
130.70
133.75
162.70
119.85
137.80
142.55
158.90
125.60
98.20
60.25
51.20
66.35
45.45
62.85
152.60
149.25
155.05
151.05
62.55
55.20
6.25
22.85
40.77
6.36
144.55
137.05
135.60
120.90
70.30
5.45
36.47
44.61
45.75
44.80
151.05
151.65
168.95
46.28
39.65
18.25
17.40
6.13
24.91
42.62
143.05
169.45
154.45
96.15



Plot #
206-6
206-7
206-8
206-9
206-10
207-1
207-2
207-3
207-4
207-5
207-6
207-7
207-8
207-9
207-10
208-1
208-2
208-3
208-4
208-5
208-6
208-7
208-8
208-9
208-10
302-1
302-2
302-3
302-4
302-5
302-6
302-7
302-8
302-9
302-10
303-1
303-2
303-3
303-4
303-5
303-6
303-7
303-8
303-9
303-10
304-1
304-2
304-3
304-4

Ib/ac
1887.706
1577.928
2357.212
1844.143
1853.824
0
0
324.2982
663.1171
1127.783
1713.456
1868.345
1945.789
2028.074
1113.262
29.04163
24.20136
285.576
571.152
759.9226
1747.338
1485.963
2134.56
909.971
1069.7
0
0
198.4511
488.8674
740.5615
750.242
982.575
624.395
726.0407
987.4153
0
43.56244
832.5266
1079.38
721.2004
1001.936
1456.922
1248.79
1239.109
1418.199
396.9022
1234.269
1544.046
1529.526

Ib/plot

0.39
0.326
0.487
0.381
0.383
0

0
0.067
0.137
0.233
0.354
0.386
0.402
0.419
0.23
0.006
0.005
0.059
0.118
0.157
0.361
0.307
0.441
0.188
0.221

0.041
0.101
0.153
0.155
0.203
0.129
0.15

0.204

0.009
0.172
0.223
0.149
0.207
0.301
0.258
0.256
0.293
0.082
0.255
0.319
0.316

kg/ha
2119.327
1771.54
2646.442
2070.42
2081.288
0
0
364.0895
744.4816
1266.162
1923.697
2097.591
2184.537
2276.918
1249.86
32.60503
27.17086
320.6162
641.2323
853.1651
1961.736
1668.291
2396.47
1021.624
1200.952
0
0
222.8011
548.8514
831.4284
842.2967
1103.137
701.0082
815.1258
1108.571
0
48.90755
934.6776
1211.82
809.6917
1124.874
1635.686
1402.016
1391.148
1592.212
445.6021
1385.714
1733.501
1717.198

¥OpH CaC}

5.886 4.878
5.47 4.587
5.928 4.821
5.745 4.879
5.69 4.427
4.491 3.569
4.179 3.707
4.632 3.612
5.012 4.058
5.225 4.38

5.31 4.299
5.421 4.317
4.978 4.212
5.306 4.563
5.08 4.168
4.142 3.52

4.623 3.657
4.743 3.889
4.46 3.661
4.975 4.149
5.392 4.456
5.181 4.16

5.494 4.301
5.132 4.129
5.117 4.087
4.606 3.852
4.8 3.892
4.793 3.986
5.013 4.103
5.297 4.14

4.816 4.127
5.093 4.137
5.156 4121
5.276 4.239
5.337 4.008
4.339 3.396
4.7 3.862
4.94 4.014
4,918 4.17

5.187 4.012
5.006 4.127
5.33 4.413
5.102 4.184
5.158 4.351
5.279 4.458
4.848 3.979
4,911 4.07

5.179 4.288
5.33 4.314

52

Adjusted Al
14.05
44.61
5.39
11.64
30.60
160.75
170.05
143.55
51.15
35.64
35.12
50.35
47.05
10.19
43.85
188.60
175.05
137.80
117.20
73.95
13.80
52.90
18.64
67.40
69.30
154.20
166.15
132.20
131.40
96.45
118.55
91.35
95.40
111.30
92.25
167.25
132.60
117.60
89.95
64.45
58.95
48.35
74.10
79.45
63.55
112.65
79.05
51.80
32.10



Plot #
304-6
304-7
304-8
304-9
304-10
305-1
305-2
305-3
305-4
305-5
305-6
305-7
305-8
305-9
305-10
306-1
306-2
306-3
306-4
306-5
306-6
306-7
306-8
306-9
306-10
307-1
307-2
307-3
307-4
307-5
307-6
307-7
307-8
307-9
307-10
401-1
401-2
401-3
401-4
401-5
401-6
401-7
401-8
401-9
401-10
402-1
402-2
402-3
402-4

Ib/ac
2028.074
2071.636
2366.893
1887.706
711.5198
963.2139
1844.143
1626.331
2163.601
2120.039
1897.386
2516.941
2357.212
2144.24
1539.206
953.5334
1989.351
2250.726
2366.893
2468.538
2071.636
2313.65
1645.692
1907.067
1815.102
832.5266
1626.331
1427.88
1606.97
1853.824
1582.769
1200.387
1161.665
1698.935
246.8538
62.92352
164.5692
111.3262
522.7493
1873.185
1360.116
1485.963
1873.185
1674.734
2042.594
0
121.0068
53.24298
1548.887

Ib/plot

0.419
0.428
0.489
0.39
0.147
0.199
0.381
0.336
0.447
0.438
0.392
0.52
0.487
0.443
0.318
0.197
0.465
0.51
0.411
0.489
0.428
0.478
0.34
0.394
0.375
0.172
0.336
0.295
0.332
0.383
0.327
0.248
0.24
0.351
0.051
0.013
0.034
0.023
0.108
0.387
0.281
0.307
0.387
0.346
0.422
0
0.025
0.011
0.32

kg/ha
2276.918
2325.826
2657.31
2119.327
798.8233
1081.4
2070.42
1825.882
2429.075
2380.167
2130.196
2825.77
2646.442
2407.338
1728.067
1070.532
2233.445
2526.89
2657.31
2771.428
2325.826
2597.534
1847.619
2141.064
2037.815
934.6776
1825.882
1603.081
1804.145
2081.288
1776.974
1347.675
1304.201
1907.394
277.1428
70.64424
184.7619
124.986
586.8906
2103.025
1527.002
1668.291
2103.025
1880.224
2293.221
0
135.8543
59.7759
1738.935

¥OpH CaC}

5.427 4.579
5.567 4.621
5.58 4.623
5.49 4.487
5.225 4.322
5.087 4.253
5.218 4.356
5.572 4.691
5.453 4.578
6.275 5.316
5.742 5.012
6.496 5.487
6.34 5.21

6.034 5.141
5.599 4.701
5.208 4.651
5.395 4.478
5.825 4.798
6.014 5.025
6.427 5.633
5.321 4.479
6.197 5.02

5.877 4.969
5.906 4.872
5.893 4.874
4.936 4.045
5.385 4.323
5.059 4.023
5.265 4.563
5.819 4.348
5.639 4.792
5.559 4.692
6.017 5.093
5.675 4.872
5.474 4.647
4.597 3.943
4.648 3.985
4.795 3.814
4.962 4.119
5.676 4.782
5.636 4.414
5.531 4.421
5.705 5.001
5.414 4.598
5.975 5.098
4,537 3.881
4.782 3.954
4.528 3.583
5.292 4.21
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Adjusted Al
6.42
10.05
5.35
12.87
35.45
50.40
44.73
28.16
11.51
6.63
14.28
5.27
9.36
37.26
52.10
61.80
37.35
28.21
8.91
2.82
42.59
9.23
16.10
11.35
5.34
83.70
55.65
63.70
57.80
37.70
32.92
37.26
22.60
16.28
51.15
166.15
161.35
151.30
110.65
52.30
2.12
45.82
34.45
38.30
6.15
141.75
137.70
134.35
37.75



Plot #
402-6
402-7
402-8
402-9
402-10
403-1
403-2
403-3
403-4
403-5
403-6
403-7
403-8
403-9
403-10
404-1
404-2
404-3
404-4
404-5
404-6
404-7
404-8
404-9
404-10
407-1
407-2
407-3
407-4
407-5
407-6
407-7
407-8
407-9
407-10
408-1
408-2
408-3
408-4
408-5
408-6
408-7
408-8
408-9
408-10
502-1
502-2
502-3
502-4

Ib/ac
1747.338
2173.282
2134.56
1466.602
1989.351
0
0
125.847
1302.033
1108.422
1098.742
1089.061
503.3882
566.3117
1200.387
0
183.9303
735.7212
1190.707
1568.248
1427.88
1292.352
2090.997
600.1936
1050.339
0
0
319.4579
890.6099
672.7977
522.7493
808.3253
1195.547
977.7348
527.5895
0
0
242.0136
421.1036
343.6592
372.7009
208.1317
304.9371
164.5692
193.6108
0
0
401.7425
96.80542

Ib/plot

0.361
0.449
0.441
0.303
0.411
0

0

0.026
0.269
0.229
0.227
0.225
0.104
0.117
0.248

0.038
0.152
0.246
0.324
0.295
0.267
0.432
0.124
0.217

0.066
0.184
0.139
0.108
0.167
0.247
0.202
0.109

0.05

0.087
0.071
0.077
0.043
0.063
0.034
0.04

0.083
0.02

kg/ha
1961.736
2439.943
2396.47
1646.554
2233.445
0
0
141.2885
1461.792
1244.425
1233.557
1222.689
565.1539
635.7982
1347.675
0
206.4985
825.9942
1336.806
1760.672
1603.081
1450.924
2347.562
673.8374
1179.215
0
0
358.6554
999.8877
755.35
586.8906
907.5068
1342.241
1097.703
592.3248
0
0
271.7086
472.773
385.8262
418.4313
233.6694
342.3529
184.7619
217.3669
0
0
451.0363
108.6834

¥OpH CaC}

5.857 4.871
5.949 5.011
6.079 4.639
5.416 5.01

5.843 4.985
4.839 3.894
5.109 3.879
4.955 3.979
5.951 4.96

5.818 4.778
5.119 5.143
5.582 5.05

5.601 4.772
5.539 4.702
5.864 4.881
4.586 3.552
4.98 4.016
5.192 3.984
5.15 4.245
5.246 4.355
5.237 4.36

5.619 4.751
5.523 4.426
5.46 4.433
5.269 4.782
4.686 3.751
4.708 3.71

4.867 4.002
4.959 4.079
4.884 4.247
5.12 4.157
5.081 4.191
5.262 4.365
5.059 4.202
5.087 4.181
4.36 3.411
4.801 3.882
4.854 3.904
4.665 3.892
4.809 3.96

4.803 4.028
4.999 3.976
5.117 4.235
4.834 3.979
4.7 4.023
4.733 3.692
4.516 3.547
4.932 4.046
4.89 3.925
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Adjusted Al
1.30
12.65
4.81
9.80
7.40
166.30
167.30
109.05
23.47
36.30
42.64
48.19
28.46
24.09
18.90
169.75
115.60
97.90
70.10
22.81
28.61
17.43
5.76
11.51
17.47
166.35
171.55
162.55
91.10
89.20
51.20
60.25
62.15
55.95
48.05
201.60
137.20
128.45
112.20
117.15
114.75
117.40
106.60
117.10
129.20
150.90
166.40
145.05
143.60



Plot #
502-6
502-7
502-8
502-9
502-10
503-1
503-2
503-3
503-4
503-5
503-6
503-7
503-8
503-9
503-10
504-1
504-2
504-3
504-4
504-5
504-6
504-7
504-8
504-9
504-10
506-1
506-2
506-3
506-4
506-5
506-6
506-7
506-8
506-9
506-10
507-1
507-2
507-3
507-4
507-5
507-6
507-7
507-8
507-9
507-10
508-1
508-2
508-3
508-4

Ib/ac
774.4434
803.485
692.1588
295.2565
343.6592
0
14.52081
0
125.847
939.0126
1118.103
1035.818
324.2982
513.0687
474.3466
0
348.4995
387.2217
726.0407
1476.283
1345.595
1181.026
1287.512
1544.046
1461.762
19.36108
183.9303
353.3398
1360.116
1026.137
1737.657
1897.386
2192.643
1408.519
1272.991
193.6108
188.7706
212.9719
842.2072
1045.499
958.3737
1040.658
992.2556
740.5615
934.1723
43.56244
48.40271
425.9439
972.8945

Ib/plot

0.16
0.166
0.143
0.061
0.071
0
0.003
0
0.026
0.194
0.231
0.214
0.067
0.106
0.098
0
0.072
0.08
0.15
0.305
0.278
0.244
0.266
0.319
0.302
0.004
0.038
0.073
0.281
0.212
0.359
0.392
0.453
0.291
0.263
0.04
0.039
0.044
0.174
0.216
0.198
0.215
0.205
0.153
0.193
0.009
0.01
0.088
0.201

kg/ha
869.4676
902.0726
777.0866
331.4845
385.8262
0
16.30252
0
141.2885
1054.229
1255.294
1162.913
364.0895
576.0223
532.5489
0
391.2604
434.7338
815.1258
1657.423
1510.7
1325.938
1445.49
1733.501
1641.12
21.73669
206.4985
396.6946
1527.002
1152.045
1950.868
2130.196
2461.68
1581.344
1429.187
217.3669
211.9327
239.1036
945.546
1173.781
1075.966
1168.347
1114.005
831.4284
1048.795
48.90755
54.34172
478.2072
1092.269

¥OpH CaC}

5.233 4.151
5.301 4.451
5.207 4.478
5.176 4.173
5.152 4.113
4.538 3.777
4.537 3.895
4,981 3.879
4.903 4.08

5.355 4.211
5.388 4.304
5.301 4.242
5.072 4.127
5.286 4.365
5.206 4.252
4.948 3.827
4.555 3.844
4,901 4.178
5.151 4.115
5.074 4.56

5.301 4.594
5.04 4.433
5.375 4.219
5.51 4.491
5.361 4.414
4.777 3.978
4.515 3.907
4.697 4.052
5.1 4.546
5.205 4.497
5.639 4.656
5.611 4.742
5.79 4.599
5.236 4.501
5.491 4.639
4,521 3.643
4.344 3.588
4.443 3.56

4.838 4.08

5.417 4.649
5.494 4.718
5.432 4.602
5.656 4.478
5.768 4,995
5.449 4.592
4.809 3.971
4.626 3.931
4.463 3.622
5.07 4.239
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Adjusted Al
128.15
117.75
108.60
111.60
102.85
168.75
132.90
161.05
156.40
78.55
71.40
67.35
86.05
76.00
78.30
112.55
109.45
73.10
168.35
169.60
123.56
32.00
17.92
20.96
42.55
145.80
135.70
102.25
92.45
61.60
19.90
24.11
4.86
50.70
25.97
158.50
168.65
152.15
99.45
64.65
29.60
12.37
16.18
22.87
28.16
147.25
163.60
139.10
56.15



Plot# Ib/ac Ib/plot kg/ha O pH CaCi Adjusted Al

508-6 1727977  0.357 1940 5.586 4.445 16.11
508-7 1858.664  0.384 2086.722 544 4.609 7.55

508-8 1665.053  0.344 1869.355  5.656 4.724 26.10
508-9 1243.95 0.257 1396.582  5.792 4.797 26.55
508-10 861.5682  0.178 967.2827  5.165 4.34 26.35
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2007-2008 growing season

data:
Plot g/plot  Ib/plot Ib/ac kg/ha H20pH CaClpH Adjad Al
101-1 0.0 0.000 0 0 4.339 3.28 156.2
101-2 0.0 0.000 0 0 4.496 3.323 97.05
101-3 0.2 0.000 2.132278 2.3939085 4.56 3.452 102.9
101-4 27.6 0.061 294.25436 330.35937 5.12 3.674 71.25
101-5 0.9 0.002 9.595251 10.772588 4.941 3.521 58.15
101-6 16.5 0.036 175.91293 197.49745 4.595 3.38 84.45
101-7 10.2 0.022 108.74618 122.08933 4.774 3.294 92.55
101-8 12.1 0.027 129.00282 144.83146 4.653 3.251 115.6
101-9 9.9 0.022 105.54776 118.49847 4.598 3.175 121.2
101-10 0.3 0.001 3.198417 3.5908628 4.624 3.272 111.3
101-11 0.0 0.000 0 0 4.418 3.156 128.05
101-12 6.6 0.015 70.365174 78.998981 4.564 3.321 77.25
101-13 12.4 0.027 132.20124 148.42233 4.699 3.482 66.45
101-14 44.3 0.098 472.29958 530.25073 5.185 3.984 18.75
101-15 56.6 0.125 603.43467 677.47611 5.263 3.978 38.8
101-16 34.8 0.077 371.01637 416.54008 5.038 3.813 52
101-17 10.8 0.024 115.14301 129.27106 4.961 3.712 64.5
101-18 6.3 0.014 67.166757 75.408118 4.578 3.325 70.6
101-19 1.5 0.003 15.992085 17.954314 4.621 3.385 97.8
102-1 0.0 0.000 0 0 4.684 3.613 83.9
102-2 0.0 0.000 0 0 4.815 3.541 79.3
102-3 0.0 0.000 0 0 4.506 3.329 100.75
102-4 0.0 0.000 0 0 4.475 3.577 77.35
102-5 0.0 0.000 0 0 4.616 3.551 74.7
102-6 0.0 0.000 0 0 4.616 3.583 70.9
102-7 0.0 0.000 0 0 4.627 3.312 64.35
102-8 0.0 0.000 0 0 4.547 3.366 62.75
102-9 0.0 0.000 0 0 4.372 3.241 129.25
102-10 0.0 0.000 0 0 4.535 3.344 123.45
102-11 0.0 0.000 0 0 4.455 3.471 109.3
102-12 0.0 0.000 0 0 4.577 3.264 124.45
102-13 28.6 0.063 304.91575 342.32892 4.389 3.331 116.65
102-14 96.1 0.212 1024.5596 1150.273 4.608 3.582 83.05
102-15 110.9 0.244 1182.3481 1327.4223 5.015 4.021 51.6
102-16 91.9 0.202 979.78174 1100.001 4.976 3.873 42.7
102-17 34.0 0.075 362.48726 406.96445 5.216 3.854 39.25
102-18 17.0 0.037 181.24363 203.48222 5.595 4.085 2.26
102-19 2.0 0.004 21.32278 23.939085 4.851 3.761 76.15
103-1 0.0 0.000 0 0 4.9 3.36 75.05
103-2 0.0 0.000 0 0 4.845 3.25 97.8
103-3 0.0 0.000 0 0 4.899 3.311 70.3
103-4 0.0 0.000 0 0 4.563 3.156 106.9
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Plot g/plot  Ib/plot Ib/ac kg/ha H20pH CaClpH Adjad Al
103-6 12.2 0.027 130.06896 146.02842 5.104 3.41 64.25
103-7 0.0 0.000 0 0 4.412 3.325 113.35
103-8 0.6 0.001 6.396834 7.1817255 4.941 3.372 112.4
103-9 0.0 0.000 0 0 4.548 3.171 99.8
103-10 0.0 0.000 0 0 4.394 3.079 102.85
103-11 0.0 0.000 0 0 4.521 3.379 87.25
103-12 14 0.003 14.925946 16.75736 4.78 3.495 82.75
103-13 22.9 0.050 244.14583 274.10252 5.341 3.449 21.8
103-14 55.4 0.122 590.64101 663.11266 5.554 3.847 43.7
103-15 75.1 0.165 800.67039 898.91264 5.656 4.108 6.265
103-16 52.9 0.117 563.98753 633.1888 5.497 4.089 14.13
103-17 81.6 0.180 869.96942 976.71467 5.547 4.012 12.25
103-18 8.6 0.019 91.687954 102.93807 5.204 3.784 37.4
103-19 20.9 0.046 222.82305 250.16344 5.341 3.679 31.65
104-1 0.0 0.000 0 0 4.549 3.312 118.85
104-2 0.0 0.000 0 0 4.351 3.174 94.55
104-3 0.0 0.000 0 0 4.921 3.471 95.1
104-4 0.0 0.000 0 0 4.474 3.334 73.1
104-5 0.0 0.000 0 0 4.513 3.329 74.7
104-6 0.0 0.000 0 0 4.476 3.394 78.9
104-7 0.0 0.000 0 0 4.81 3.471 72.55
104-8 0.0 0.000 0 0 4.278 3.298 125.15
104-9 0.0 0.000 0 0 4.65 3.354 92.05
104-10 0.0 0.000 0 0 4.356 3.258 135.3
104-11 0.0 0.000 0 0 4.591 3.477 129.2
104-12 0.0 0.000 0 0 4.621 3.27 85.6
104-13 10.0 0.022 106.6139 119.69543  5.247 3.483 35.6
104-14 60.7 0.134 647.14637 726.55123 5.562 3.472 19.45
104-15 96.2 0.212 1025.6257 1151.47 5.684 3.631 16.35
104-16 47.3 0.104 504.28375 566.15936 5.478 3.596 28.05
104-17 50.7 0.112 540.53247 606.85581 5.328 3.539 24.65
104-18 2.6 0.006 27.719614 31.120811 5.004 3.555 23.7
104-19 6.7 0.015 71.431313 80.195935 5.172 3.601 27.1
105-1 0.0 0.000 0 0 4.403 3.332 78.65
105-2 0.0 0.000 0 0 4.821 3.37 99.25
105-3 0.0 0.000 0 0 4.645 3.318 61.8
105-4 0.0 0.000 0 0 4.388 3.454 95.65
105-5 32.5 0.072 346.49517 389.01013 4.879 3.338 83.25
105-6 0.0 0.000 0 0 4.408 3.249 72.9
105-7 0.0 0.000 0 0 4.36 3.247 119.4
105-8 0.0 0.000 0 0 4.562 3.377 130.05
105-9 0.0 0.000 0 0 4.107 3.145 136.55
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Plot
105-11
105-12
105-13
105-14
105-15
105-16
105-17
105-18
105-19
106-1
106-2
106-3
106-4
106-5
106-6
106-7
106-8
106-9
106-10
106-11
106-12
106-13
106-14
106-15
106-16
106-17
106-18
106-19
201-1
201-2
201-3
201-4
201-5
201-6
201-7
201-8
201-9
201-10
201-11
201-12
201-13
201-14

g/plot
0.0
0.0
0.0
2.4
0.0
21.8
53.5
35.7
61.8
0.0
1.9
2.3
13.6
4.9
3.6
0.0
0.5
14.8
0.0
0.0
0.0
0.0
0.0
0.0
31.8
70.0
38.9
4.7
0.0
5.0
5.7
6.2
4.5
23.6
47.0
74.3
28.7
53
1.1
6.1
0.0
0.0

Ib/plot
0.000
0.000
0.000
0.005
0.000
0.048
0.118
0.079
0.136
0.000
0.004
0.005
0.030
0.011
0.008
0.000
0.001
0.033
0.000
0.000
0.000
0.000
0.000
0.000
0.070
0.154
0.086
0.010
0.000
0.011
0.013
0.014
0.010
0.052
0.104
0.164
0.063
0.012
0.002
0.013
0.000
0.000

Ib/ac

0

0

0
25.587336
0
232.4183
570.38436
380.61162
658.8739
0
20.256641
24.521197
144.9949
52.240811
38.381004
0
5.330695
157.78857

0
0
0
0
0
0

339.0322
746.2973
414.72807
50.108533
0
53.30695
60.769923
66.100618
47.976255
251.6088
501.08533
792.14128
305.98189
56.505367
11.727529
65.034479
0

0

kg/ha
0
0
0
28.726902
0
260.93603
640.37053
427.31267
739.71773
0
22.742131
27.529948
162.78578
58.650758
43.090353
0
5.9847713
177.14923

o O o o o o

380.63145
837.86798
465.6152
56.25685
0
59.847713
68.226392
74.211164
53.862941
282.4812
562.5685
889.33701
343.52587
63.438575
13.166497
73.01421
0

0

H20 pH CaCl pH

4.211
4.27

4.441
4.583
4.735
4.893
5.213
5.302
5.409
4.973
4.985
4.83

4.947
4.832
4.511
4.466
4.294
4.776
4.23

4.175
4.576
4.173
4.738
4.514
5.047
5.347
5.028
4.915
4.414
4.898
4.874
4.851
4.674
491

5.047
5.177
4.981
4.501
4.395
4.43

4.609
4.532

59

3.299
3.336
3.28

3.342
3.447
3.512
3.76

3.703
3.805
3.628
3.601
3.504
3.856
3.705
3.522
3.331
3.317
3.698
3.365
3.394
3.486
3.271
3.501
3.582
3.904
3.854
3.799
3.705
3.356
3.541
3.472
3.493
3.358
3.335
3.658
3.519
3.574
3.332
3.208
3.196
3.39

3.255

Adiad Al
129.35
126.95
97.1
93.05
123.55
56.25
33.15
14.6
17.2
72.6
83.2
81.95
53.9
68.6
95.9
92.45
92.8
98.95
128.25
141.1
118.45
147.7
125.45
100.85
69.3
53
77.25
78.8
113.1
86.3
72.9
56.1
61.1
86.75
85.6
57.9
103.05
107.7
128.45
115.95
90.95
114.5



Plot g/plot  Ib/plot Ib/ac kg/ha H20pH CaClpH Adjad Al

201-16 12.6 0.028 134.33351 150.81624 4.841 3.37 82.45
201-17 34.7 0.076 369.95023 415.34313 5.026 3.748 67.35
201-18 28.8 0.063 307.04803 344.72283 4.453 3.207 97.05
201-19 0.0 0.000 0 0 3.919 3.046 162.4
202-1 25.5 0.056 271.86544 305.22333 5.309 3.742 39.75
202-2 8.3 0.018 88.489537 99.347203 4.632 3.586 106.15
202-3 9.9 0.022 105.54776 118.49847 5.108 3.708 72.3
202-4 0.0 0.000 0 0 4.758 3.565 122.75
202-5 69.6 0.153 742.03274 833.08016 5.814 4.012 2.8
202-6 9.6 0.021 102.34934 114.90761 5.276 3.676 30.65
202-7 42.1 0.093 448.84452 503.91774 4.785 3.582 54.4
202-8 32.0 0.070 341.16448 383.02536 4.627 3.485 111.4
202-9 0.0 0.000 0 0 4.512 34 115.7
202-10 0.0 0.000 0 0 4.542 3.397 120
202-11 0.0 0.000 0 0 4.323 3.408 130.75
202-12 0.0 0.000 0 0 4.683 3.487 100.6
202-13 0.1 0.000 1.066139 1.1969543 4.377 3.458 128.9
202-14 0.0 0.000 0 0 4.068 3.449 137.55
202-15 1.0 0.002 10.66139 11.969543 4.293 3.384 129.4
202-16 0.0 0.000 0 0 4.451 3.339 117.8
202-17 0.0 0.000 0 0 4.378 3.405 126.15
202-18 1.5 0.003 15.992085 17.954314 4.552 3.481 94.45
202-19 1.4 0.003 14.925946 16.75736 4.891 3.701 137.05
203-1 0.0 0.000 0 0 4.106 3.55 132.25
203-2 17.0 0.037 181.24363 203.48222 5.053 3.656 71.15
203-3 6.8 0.015 72.497452 81.392889 4.353 3.603 112.25
203-4 44.1 0.097 470.1673 527.85683 5.371 3.742 34.1
203-5 31.2 0.069 332.63537 373.44973 5.129 3.807 26.55
203-6 18.9 0.042 201.50027 226.22435 5.066 3.841 42.25
203-7 7.6 0.017 81.026564 90.968523 5.253 3.65 23.1
203-8 27.5 0.061 293.18822 329.16242 5.413 3.748 17.5
203-9 6.6 0.015 70.365174 78.998981 4.63 3.475 99.65
203-10 0.0 0.000 0 0 4.523 3.377 154.85
203-11 0.0 0.000 0 0 4.247 3.28 128.05
203-12 0.0 0.000 0 0 4.177 3.363 146.55
203-13 0.0 0.000 0 0 4.104 3.399 143.9
203-14 0.0 0.000 0 0 4.43 3.456 143.35
203-15 0.0 0.000 0 0 4.162 3.332 143.85
203-16 0.0 0.000 0 0 4.067 3.32 150.6
203-17 0.0 0.000 0 0 4.055 3.289 149.25
203-18 0.0 0.000 0 0 4.502 3.501 107.75
203-19 0.0 0.000 0 0 4.159 3.322 118.7
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Plot
204-2
204-3
204-4
204-5
204-6
204-7
204-8
204-9
204-10
204-11
204-12
204-13
204-14
204-15
204-16
204-17
204-18
204-19
205-1
205-2
205-3
205-4
205-5
205-6
205-7
205-8
205-9
205-10
205-11
205-12
205-13
205-14
205-15
205-16
205-17
205-18
205-19
207-1
207-2
207-3
207-4
207-5

g/plot
19.9
11.7
1.0
0.8
0.6
1.1
0.5
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
4.6
3.5
0.0
0.0
9.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
1.3
5.9
0.0

Ib/plot

0.044
0.026
0.002
0.002
0.001
0.002
0.001
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.010
0.008
0.000
0.000
0.020
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.003
0.013
0.000

Ib/ac
212.16166
124.73826
10.66139
8.529112
6.396834
11.727529
5.330695

o

O O O O O O o o o o o o

49.042394
37.314865
0

0
95.95251

O O O O O O O O o o o o o o

13.859807
62.902201
0

kg/ha
238.1939
140.04365
11.969543
9.575634
7.1817255
13.166497
5.9847713

o

O O O O O O o o o o o o

55.059896
41.893399
0
0
107.72588

O O O O O O O 0O o o o o o o

15.560405
70.620301
0

H20 pH CaCl pH

5.146
5.047
5.033
5.01

5.002
5.088
4.393
4.308
4.183
4.195
4.278
4.133
3.97

4.936
4.128
4.181
4.326
4.077
5.094
5.021
5.159
5.169
5.384
5.169
4.74

4.217
4.327
4.395
4.234
4.137
4.362
4.178
3.999
4.049
4.374
4.067
3.999
5.034
4.889
4.985
5.008
4.562
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3.801
3.589
3.615
3.751
3.691
3.689
3.51

3471
3.384
3.348
3.35

3.295
3.39

3.714
3.263
3.254
3.405
3.326
3.845
3.789
4.023
3.917
3.845
3.88

3.629
3.289
3.365
3.452
3.401
3.378
3.201
3.351
2.904
3.085
3.243
3.07

331

3.498
343

3.474
3.392
3.332

Adiad Al
48.85
39.2
40.5
32.6
47.15
108.8
95.1
91.6
98.2
115.05
95.85
108.7
139.95
92.8
99.9
99.15
122.55
151.1
68.35
72.55
59.3
53.6
42.6
71.25
97.8
112.95
105.45
137.55
126
120.1
151.6
136.85
156
142.35
107.65
127.35
130.85
60.05
67.8
63.1
51.25
97.25



Plot
207-7
207-8
207-9
207-10
207-11
207-12
207-13
207-14
207-15
207-16
207-17
207-18
207-19
301-1
301-2
301-3
301-4
301-5
301-6
301-7
301-8
301-9
301-10
301-11
301-12
301-13
301-14
301-15
301-16
301-17
301-18
301-19
302-1
302-2
302-3
302-4
302-5
302-6
302-7
302-8
302-9
302-10

g/plot
0.0
7.2
0.0
0.0
0.0
3.2
0.0
9.2
11.9
10.1
15.9
0.0
0.0
0.0
0.0
0.0
0.2
39.5
57.7
22.0
8.8
0.0
40.9
19.1
2.8
21.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
14.0
31.1
90.0
235
22.2
17.0
28.4

Ib/plot
0.000
0.016
0.000
0.000
0.000
0.007
0.000
0.020
0.026
0.022
0.035
0.000
0.000
0.000
0.000
0.000
0.000
0.087
0.127
0.048
0.019
0.000
0.090
0.042
0.006
0.046
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.031
0.069
0.198
0.052
0.049
0.037
0.063

Ib/ac

0
76.762008
0

0

0
34.116448
0
98.084788
126.87054
107.68004
169.5161

0
0
0
0

0
2.132278
421.1249
615.1622
234.55058
93.820232
0
436.05085
203.63255
29.851892
223.88919

O O O O o o o o o

149.25946
331.56923
959.5251

250.54266
236.68286
181.24363
302.78348

kg/ha
0
86.180706
0
0
0
38.302536
0
110.11979
142.43756
120.89238
190.31573

o O o o

0
2.3939085
472.79693
690.6426
263.32994
105.33197
0
489.55429
228.61826
33.514719
251.36039

O O O O o o o o o

167.5736

372.25277
1077.2588
281.28425
265.72384
203.48222
339.93501

H20 pH CaCl pH

4.725
5.301
4.758
4.835
4.903
5.067
4.956
5.123
5.089
5.167
5.21

4.809
4.684
4.257
4.296
4.441
4.872
5.376
5.419
5.747
5.674
4.652
5.124
5.235
5.003
4.232
4.179
4.255
5.192
4.44

4.408
4.334
4.252
4.428
4.907
5.486
5.337
5.746
5.263
5.248
4.918
5.41
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3.319
3.687
3.403
3.483
3.407
3.562
3421
3.574
3.541
3.574
3.518
3.37

3.344
3.259
3.303
3.34

3.426
3.621
3.453
3.701
3.645
3.417
3.543
3.509
3.517
3.326
3.284
3.257
3.457
3.461
3.352
3.335
3.365
3.405
3.398
3.458
3.569
3.547
3.562
3.563
3.495
3.568

Adiad Al
73.5
50.7
76.15
74.35
56.1
55.15
72.5
64.1
62.25
56
58.15
77.4
88.2
142.25
145.55
108.6
87.9
50.6
49.2
52.25
27.39
91.15
36.7
60.55
85.75
113.85
139.2
122.65
50.35
115.75
112.1
112.95
122.9
105.7
79.05
24.25
24
23.4
28.15
34.9
44.6
38.75



Plot g/plot  Ib/plot Ib/ac kg/ha H20pH CaClpH Adjad Al

302-12 0.0 0.000 0 0 5.288 3.522 92.25
302-13 0.0 0.000 0 0 4.745 3.378 120.75
302-14 0.0 0.000 0 0 4.449 3.389 162.7
302-15 0.0 0.000 0 0 4.157 3.419 135.9
302-16 0.0 0.000 0 0 4.525 3.517 133.65
302-17 0.0 0.000 0 0 4.43 3.444 108.55
302-18 0.0 0.000 0 0 4.388 3.385 136.45
302-19 0.0 0.000 0 0 4.506 3.307 138.8
304-1 0.0 0.000 0 0 4.141 3.265 132.95
304-2 0.0 0.000 0 0 4.283 3.302 110.35
304-3 0.0 0.000 0 0 4.638 3.412 92.25
304-4 0.0 0.000 0 0 4.357 3.365 85.6
304-5 0.0 0.000 0 0 4.542 3.56 80.75
304-6 0.0 0.000 0 0 4.709 3.368 64.15
304-7 20.7 0.046 220.69077 247.76953 4.737 3.541 51.15
304-8 215 0.047 229.21988 257.34516 5.183 3.782 29.9
304-9 14.4 0.032 153.52402 172.36141 4.686 3.681 58.2
304-10 253 0.056 269.73317 302.82943 5.234 3.843 36.55
304-11 6.6 0.015 70.365174 78.998981 4.475 3.547 73.7
304-12 0.0 0.000 0 0 4.487 3.483 93.7
304-13 0.0 0.000 0 0 4.315 3.579 100.7
304-14 0.0 0.000 0 0 4.307 3.522 105.55
304-15 0.0 0.000 0 0 4.326 3.59 112.8
304-16 0.0 0.000 0 0 4.249 3.344 123.8
304-17 0.0 0.000 0 0 4.519 3.401 114.05
304-18 0.0 0.000 0 0 4.761 3.601 103.7
304-19 0.0 0.000 0 0 4.675 3.485 110.7
306-1 0.0 0.000 0 0 4.237 3.24 127.85
306-2 0.0 0.000 0 0 4.188 3.189 140.8
306-3 0.0 0.000 0 0 4.31 3.161 105.25
306-4 0.0 0.000 0 0 4.622 3.384 104.25
306-5 0.0 0.000 0 0 4.512 2.976 91.2
306-6 0.0 0.000 0 0 4.25 3.206 107.6
306-7 3.8 0.008 40.513282 45.484262 4.862 3.501 87.25
306-8 7.7 0.017 82.092703 92.165478 4.726 3.425 83.7
306-9 20.2 0.044 215.36008 241.78476 5.324 3.721 46.3
306-10 17.4 0.038 185.50819 208.27004 4.87 3.601 74.95
306-11 13.6 0.030 144.9949 162.78578 4.953 3.589 72.9
306-12 0.0 0.000 0 0 4.487 3.401 104.2
306-13 0.0 0.000 0 0 4.94 3.581 62.25
306-14 0.0 0.000 0 0 4.309 3.256 129.6
306-15 0.0 0.000 0 0 4.21 3.265 138.85
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Plot
306-17
306-18
306-19
307-1
307-2
307-3
307-4
307-5
307-6
307-7
307-8
307-9
307-10
307-11
307-12
307-13
307-14
307-15
307-16
307-17
307-18
307-19
308-1
308-2
308-3
308-4
308-5
308-6
308-7
308-8
308-9
308-10
308-11
308-12
308-13
308-14
308-15
308-16
308-17
308-18
308-19
401-1

g/plot

0.0
0.0
3.9
0.0
0.0
15.5
4.4
78.6
36.7
32.3
56.1
37.4
26.6
29.3
8.6
20.6
1.4
4.4
6.4
3.5
0.0
0.0
0.0
0.0
5.2
7.5
46
10.8
13.6
10.1
4.5
0.0
2.0
6.2
10.0
0.0
0.0
8.3
0.0
0.0
0.0
3.1

Ib/plot

0.000
0.000
0.009
0.000
0.000
0.034
0.010
0.173
0.081
0.071
0.124
0.082
0.059
0.065
0.019
0.045
0.003
0.010
0.014
0.008
0.000
0.000
0.000
0.000
0.011
0.017
0.010
0.024
0.030
0.022
0.010
0.000
0.004
0.014
0.022
0.000
0.000
0.018
0.000
0.000
0.000
0.007

Ib/ac

0

0
41.579421
0

0
165.25154
46.910116
837.98525
391.27301
344.3629
598.10398
398.73599
283.59297
312.37873
91.687954
219.62463
14.925946
46.910116
68.232896
37.314865
0

0

0

0
55.439228
79.960425
49.042394
115.14301
144.9949
107.68004
47.976255
0
21.32278
66.100618
106.6139
0

0
88.489537
0

0

0
33.050309

kg/ha
0
0
46.681216
0
0
185.52791
52.665987
940.80604
439.28221
386.61622
671.49134
447.66089
318.38983
350.7076
102.93807
246.57258
16.75736
52.665987
76.605072
41.893399
0
0
0
0
62.241621
89.771569
55.059896
129.27106
162.78578
120.89238
53.862941
0
23.939085
74.211164
119.69543
0
0
99.347203
0
0
0
37.105582

H20 pH CaCl pH

4.407
4.38
4.449
4.585
4.5
4.853
4.678
5.231
5.21
4.83
5.423
5.327
5.12
5.107
4.831
4.951
4.238
4.715
4.611
4.591
4.779
4.643
4.582
4.452
4.326
4.612
5.142
5.104
5.359
5.008
5.035
4.735
4.513
4.603
5.302
4.025
4.365
4.332
4.305
4.469
4.42
4.779
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3.25
3.214
3.356
3.487
3.373
3.484
3.439
3.504
3.58
3471
3.562
3.601
3.541
3.491
3.478
3.4118
3.337
3.391
3.357
3.434
3471
3.456
3.468
3.385
3.401
3.521
3.714
3.749
3.698
3.578
3.625
3.334
3.246
3.434
3.701
3.225
3.274
3.39
3.294
3.405
3.351
3.158

Adiad Al
102.9
128.1
109.85
115.8
106.3
97.35
102.65
71.3
57.55
74.95
39.35
74
80.05
77.15
85.7
57.3
127.3
77.95
92.8
100.9
114.1
114.9
87.95
85.15
98.65
80.65
37.1
32.55
14.45
33.45
28.65
76.45
82.7
80.2
52.25
156.25
103.25
100.15
107.55
80.2
82.9
79.65



Plot
401-3
401-4
401-5
401-6
401-7
401-8
401-9
401-10
401-11
401-12
401-13
401-14
401-15
401-16
401-17
401-18
401-19
402-1
402-2
402-3
402-4
402-5
402-6
402-7
402-8
402-9
402-10
402-11
402-12
402-13
402-14
402-15
402-16
402-17
402-18
402-19
405-1
405-2
405-3
405-4
405-5
405-6

g/plot
37.8
18.5
48.1
60.5
37.7
22.4
16.9
35.8
27.6
27.0
0.0
2.0
11.4
12.7
9.0
9.0
1.4
0.0
14.3
39.0
453
61.5
36.7
34.9
22.4
45.2
31.5
19.8
43.2
3.7
9.9
0.0
0.0
5.2
0.0
4.0
8.5
0.0
0.0
28.0
114
0.0

Ib/plot
0.083
0.041
0.106
0.133
0.083
0.049
0.037
0.079
0.061
0.059
0.000
0.004
0.025
0.028
0.020
0.020
0.003
0.000
0.031
0.086
0.100
0.135
0.081
0.077
0.049
0.100
0.069
0.044
0.095
0.008
0.022
0.000
0.000
0.011
0.000
0.009
0.019
0.000
0.000
0.062
0.025
0.000

Ib/ac
403.00054
197.23571
512.81286
645.01409
401.9344
238.81514
180.17749
381.67776
294.25436
287.85753
0
21.32278
121.53985
135.39965
95.95251
95.95251
14.925946
0
152.45788
415.79421
482.96097
655.67548
391.27301
372.08251
238.81514
481.89483
335.83378
211.09552
460.57205
39.447143
105.54776
0
0
55.439228
0
42.64556
90.621815
0
0
298.51892
121.53985
0

kg/ha
452.44871
221.43654
575.735
724.15732
451.25175
268.11775
202.28527
428.50962
330.35937
323.17765
0
23.939085
136.45278
152.01319
107.72588
107.72588
16.75736
0
171.16446
466.81216
542.22028
736.12687
439.28221
417.73703
268.11775
541.02332
377.04059
236.99694
517.08424
44.287307
118.49847
0
0
62.241621
0
47.87817
101.74111
0
0
335.14719
136.45278
0

H20 pH CaCl pH

5.784
5.523
5.141
5.015
5.629
5.397
4.921
5.238
5.189
5.489
4.616
4.958
4.656
4.257
4.386
4.549
4.839
4.667
5.128
5.413
5.675
5.26

5.189
5.448
5.078
5.608
5.127
5.104
5.623
4.324
4.266
4.307
4.316
4.407
4.281
4.212
5.001
4.308
4.761
5.421
5.193
5.01
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3.687
3.685
3.401
3.426
3.709
3.685
3.389
3.695
3.58
3.601
3.335
3.305
33
3.175
3.077
3.208
3.319
3.458
3.574
3.885
3.964
3.998
3.978
3.874
3.776
3.805
3.449
3.422
3.816
3.278
3.126
3.096
3.055
3.137
3.189
3.301
3.596
3.344
3.583
3.965
3.587
3.626

Adiad Al
19.06
44.65
37.05
30.5
26
42.6
30.65
39.1
53.2
39.205
63.2
67.6
72.3
115.75
112.25
77.35
81.25
64.85
33.7
34.45
20.6
23.15
19.75
37.75
42.7
20.6
52.3
72.55
37.15
112.05
93.7
118.25
114.25
95.6
130.7
93.7
74.05
109.25
87.65
22.5
39.2
67.6



Plot
405-8
405-9
405-10
405-11
405-12
405-13
405-14
405-15
405-16
405-17
405-18
405-19
406-1
406-2
406-3
406-4
406-5
406-6
406-7
406-8
406-9
406-10
406-11
406-12
406-13
406-14
406-15
406-16
406-17
406-18
406-19
407-1
407-2
407-3
407-4
407-5
407-6
407-7
407-8
407-9
407-10
407-11

g/plot
44.5
0.0
0.0
11.2
1.3
9.6
0.0
0.0
1.2
3.5
0.0
0.0
0.0
0.0
0.0
9.8
0.0
0.0
3.3
0.0
13.4
10.5
4.0
0.0
2.4
0.0
0.0
0.0
1.6
0.0
0.0
0.0
0.0
0.0
2.9
3.4
0.0
0.0
0.0
0.0
8.5
0.0

Ib/plot

0.098
0.000
0.000
0.025
0.003
0.021
0.000
0.000
0.003
0.008
0.000
0.000
0.000
0.000
0.000
0.022
0.000
0.000
0.007
0.000
0.030
0.023
0.009
0.000
0.005
0.000
0.000
0.000
0.004
0.000
0.000
0.000
0.000
0.000
0.006
0.007
0.000
0.000
0.000
0.000
0.019
0.000

Ib/ac
474.43185
0
0
119.40757
13.859807
102.34934
0
0
12.793668
37.314865

0
0
0
0
0

104.48162
0

0
35.182587
0
142.86263
111.94459
42.64556
0
25.587336
0

0

0
17.058224

0
0
0
0
0

30.918031
36.248726
0
0
0
0
90.621815
0

kg/ha
532.64464
0
0
134.05888
15.560405
114.90761
0
0
14.363451
41.893399

o O O o o

117.30152
0

0
39.49949
0
160.39187
125.6802
47.87817
0
28.726902
0

0

0
19.151268

O O O O o

34.711673
40.696445
0
0
0
0
101.74111
0

H20 pH CaCl pH

5.789
5.218
4.664
4.875
4.471
4.718
4.786
4.36

4.43

4.257
4.463
4.078
4.11

4.388
4.342
4.612
4.411
4.426
4.82

4.905
5.123
5.047
4.502
4.528
4.439
4.281
4.461
4.387
4.462
421

4.233
4.45

4.375
4.726
4.538
4.856
4.615
4.51

4.517
4.558
4.889
4.533
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4.102
3.824
3.644
3.467
3.485
3.501
3.415
3.457
3.562
3.396
3.407
3.341
3.286
3.365
3.287
3.475
3.367
3.345
3.504
3.479
3.549
3.602
3.473
3.394
3.29

3.387
3.434
3.416
3.375
3.294
3.256
3.248
3.184
3.388
3.332
3.406
3.241
3.352
3.321
3.318
3.557
3.336

Adiad Al
36.15
44.35
40.55
62.6
109.6
67.25
90.2
85.65
71.75
121.2
99.2
96.3
93.6
88.45
91.8
76.8
82.7
60.95
60.65
73.15
50.1
52.6
97.15
75.9
82.4
93
97.7
97.4
95.25
110.05
124.4
93.6
109.1
92.8
87.25
66.3
85.75
79.2
72.9
69.8
64.25
97.25



Plot
407-13
407-14
407-15
407-16
407-17
407-18
407-19
408-1
408-2
408-3
408-4
408-5
408-6
408-7
408-8
408-9
408-10
408-11
408-12
408-13
408-14
408-15
408-16
408-17
408-18
408-19
503-1
503-2
503-3
503-4
503-5
503-6
503-7
503-8
503-9
503-10
503-11
503-12
503-13
503-14
503-15
503-16

g/plot
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
13
4.5
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
9.9
26.9
21.1
235
23.6
25.8
71.0
13.1
2.8
0.0
0.0

Ib/plot
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.003
0.010
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.022
0.059
0.046
0.052
0.052
0.057
0.156
0.029
0.006
0.000
0.000

Ib/ac

O O O O O O o o o o

13.859807
47.976255

O O O O O O O 0O 0O 0O O o o o o o o o o

105.54776
286.79139
224.95533
250.54266
251.6088
275.06386
756.95869
139.66421
29.851892
0

0

kg/ha

O O O O O o o o o o

15.560405
53.862941

O O O O O O OO OO0 oo o o o o o o o

118.49847
321.98069
252.55735
281.28425
282.4812
308.8142
849.83752
156.80101
33.514719
0

0

H20 pH CaCl pH

4.601
4.651
4.284
4.383
4.132
4.108
4.833
4.447
4.402
4.617
4.601
4.589
4.592
4.495
4.201
4.251
4.348
4.478
4.421
4.285
4.604
4.712
4.256
4.136
4.102
4.193
4.21

4.179
4.201
4.578
4.522
4.628
5.234
5.008
5.21

5.071
5.21

6.001
4.634
4.426
4.321
4.686

67

3.316
3.443
3.198
3.247
3.142
3.127
3.457
3.312
3.343
3.487
3.477
3.479
3.525
3.472
3.291
3.397
3.376
3.502
3.454
3.295
3.526
3.547
3.276
3.231
3.205
3.269
3.196
3.205
3.186
3.288
3.285
3.387
3.499
3.526
3.503
3.428
3.489
4.078
3.302
3.257
3.265
3.373

Adiad Al
80.75
70.7
100.6
118.2
142.7
162.7
77.05
104.75
89.25
93.8
82.6
88.6
80.45
90.05
103.15
109.7
112.85
103.4
87.25
95.6
66.4
71.3
109.8
114.65
132.8
135.95
109.8
151.25
156.25
127.35
102.7
54.25
34.7
19.215
5.25
69.3
59.3
4.92
80.2
75.2
87.7
105.95



Plot
503-18
503-19
504-1
504-2
504-3
504-4
504-5
504-6
504-7
504-8
504-9
504-10
504-11
504-12
504-13
504-14
504-15
504-16
504-17
504-18
504-19
505-1
505-2
505-3
505-4
505-5
505-6
505-7
505-8
505-9
505-10
505-11
505-12
505-13
505-14
505-15
505-16
505-17
505-18
505-19
506-1
506-2

g/plot

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
6.9
123
2.2
5.9
6.2
29.4
16.9
28.9
2.2
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
75.1
35.1
40.7
12.5
325
38.4
26.7
27.2
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Ib/plot

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.015
0.027
0.005
0.013
0.014
0.065
0.037
0.064
0.005
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.165
0.077
0.090
0.028
0.072
0.085
0.059
0.060
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Ib/ac

O O O O O o o o

73.563591
131.1351

23.455058
62.902201
66.100618
313.44487
180.17749
308.11417
23.455058

O O O O O o o o o o

800.67039
374.21479
433.91857
133.26737
346.49517
409.39738
284.65911
289.98981

O O O o o o o

kg/ha

o O O O o o o o

82.589844
147.22537
26.332994
70.620301
74.211164
351.90455
202.28527
345.91978
26.332994

O O O O O O o o o o

898.91264
420.13094
487.16038
149.61928
389.01013
459.63043
319.58679
325.57156

O O o o o o o

H20 pH CaCl pH

4.403
4.408
4.256
4.305
4.122
4.425
4.768
4.442
5.143
5.333
4.851
5.014
5.052
5.161
5.023
5.323
4.667
4.071
4.523
4.403
4.509
4.113
4.466
4.256
4.742
4.925
5.347
6.21

5.789
5.623
5.336
5.727
5.221
5.22

5.247
4.833
4.395
4.221
4.12

4.529
4.386
3.987

68

3.266
2.954
2.974
3.358
3.145
3.401
3.339
3.365
3.627
3.903
3.567
3.727
3.841
3.758
3.647
3.788
3.422
3.095
3.268
3.202
3.479
3.331
3.298
3.113
3.455
3.357
3.842
4.231
4.156
4.005
3.988
3.947
3.967
3.723
3.608
3.495
3.368
3.277
3.174
3.501
3.369
3.247

Adiad Al
98.7
100.65
107.6
111.9
105.4
112.9
62.7
104.25
72.6
65.6
64.25
53.9
4535
49.4
41.7
51.25
68.7
97.8
118.05
108.4
109.25
99.45
105.15
124.35
95.7
87.15
72.9
9.45
42.8
37.05
47.8
43.15
239
37.8
70.7
88
111.75
132.45
153.2
124.25
93.35
115.85



Plot g/plot  Ib/plot Ib/ac kg/ha H20pH CaClpH Adjad Al

506-4 0.0 0.000 0 0 4.403 3.376 94.65
506-5 8.2 0.018 87.423398 98.150249 4.971 3.624 59.5
506-6 16.3 0.036 173.78066 195.10354 5.084 3.785 7.6
506-7 46.9 0.103 500.01919 561.37155 5.346 3.894 6.15
506-8 38.3 0.084 408.33124 458.43348 5.861 4.003 1.15
506-9 15.7 0.035 167.38382 187.92182 5.303 3.729 11.2
506-10 35.6 0.078 379.54548 426.11571 5.472 3.945 5.25
506-11 30.1 0.066 320.90784 360.28323 5.259 3.67 21.05
506-12 44.2 0.097 471.23344 529.05378 4.859 3.514 33.15
506-13 17.4 0.038 185.50819 208.27004 4.692 3.514 77.1
506-14 0.0 0.000 0 0 4.616 3421 92
506-15 0.0 0.000 0 0 4.747 3.509 125.55
506-16 0.0 0.000 0 0 4.502 3.356 122.9
506-17 0.0 0.000 0 0 4.352 3.365 135.95
506-18 0.0 0.000 0 0 4.46 3.453 134
506-19 0.0 0.000 0 0 4.109 3.265 160.7
507-1 0.0 0.000 0 0 4.344 3.374 137.7
507-2 0.0 0.000 0 0 4.102 3.39 153.35
507-3 0.0 0.000 0 0 4.47 3.586 112.65
507-4 27.5 0.061 293.18822 329.16242 5.12 3.574 108.85
507-5 27.6 0.061 294.25436  330.35937 5.23 3.587 77.1
507-6 136.9 0.302 1459.5443 1638.6304 6.321 4.12 12.35
507-7 49.4 0.109 526.67267 591.2954 5.743 3.745 31.4
507-8 20.8 0.046 221.75691 248.96648 4.814 3.544 30.75
507-9 63.5 0.140 676.99826 760.06595 5.679 3.851 17.25
507-10 49.6 0.109 528.80494 593.68931 5.779 3.924 24.25
507-11 38.7 0.085 412.59579 463.2213 4.772 3.541 52.25
507-12 9.8 0.022 104.48162 117.30152 4.672 3.415 82.15
507-13 5.3 0.012 56.505367 63.438575 4.451 3.318 124.2
507-14 0.0 0.000 0 0 4.647 3.468 101.55
507-15 2.2 0.005 23.455058 26.332994 4.112 3.326 82.7
507-16 0.0 0.000 0 0 4.5 3.238 98.1
507-17 0.0 0.000 0 0 4.47 3.301 101.55
507-18 0.0 0.000 0 0 4.425 3.327 112.7
507-19 0.0 0.000 0 0 4.278 3.562 151.8
508-1 0.0 0.000 0 0 4.315 3.243 115.35
508-2 0.0 0.000 0 0 4.21 3.275 123.6
508-3 0.0 0.000 0 0 4.108 3.184 137.1
508-4 0.0 0.000 0 0 4.285 3.309 122.55
508-5 0.0 0.000 0 0 4.197 3.227 119.75
508-6 0.0 0.000 0 0 4.249 3.267 100.75
508-7 0.0 0.000 0 0 4.376 3.326 91.8

69



Plot
508-9
508-10
508-11
508-12
508-13
508-14
508-15
508-16
508-17
508-18
508-19
601-1
601-2
601-3
601-4
601-5
601-6
601-7
601-8
601-9
601-10
601-11
601-12
601-13
601-14
601-15
601-16
601-17
601-18
601-19
602-1
602-2
602-3
602-4
602-5
602-6
602-7
602-8
602-9
602-10
602-11
602-12

g/plot
0.0
0.0
0.0
0.0
0.0
26.6
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
30.0
0.0
9.7
0.0
0.0
6.4
9.2
0.0
323
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
58.2
61.3
69.7
12.7
4.1
0.0
0.0
0.0

Ib/plot
0.000
0.000
0.000
0.000
0.000
0.059
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.066
0.000
0.021
0.000
0.000
0.014
0.020
0.000
0.071
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.128
0.135
0.154
0.028
0.009
0.000
0.000
0.000

Ib/ac
0
0
0
0
0

283.59297

O O O O o o o o o

319.8417
0
103.41548
0

0
68.232896
98.084788
0
344.3629

O O O O ©O O o o o o

620.4929
653.54321
743.09888
135.39965
43.711699
0

0

0

kg/ha

o O o o o

318.38983

O O O O o o o o o

359.08628
0
116.10456
0
0
76.605072
110.11979
0
386.61622

O O O O O 0o o o o o

696.62738
733.73296
834.27712
152.01319
49.075124
0
0
0

H20 pH CaCl pH

4.755
4.742
4.159
4.089
4.255
4.102
4.026
4.203
4.222
4.286
4.005
4.412
4.506
4.477
4.423
4.688
4.574
4.489
4.225
4.639
4.582
4.408
4.719
5.18

4.691
4.579
4.635
4.438
4.599
4.202
4.12

4.203
4.191
4.054
5.009
5.014
5.612
5.12

4.981
4.159
4.295
4.725
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3.541
3.524
3.185
2.865
3.245
3.185
3.178
3.256
3.279
3.295
3.147
3.154
2.941
3.256
3.188
3.255
3.274
3.247
3.099
3.258
3.284
3.189
3.302
3.501
3.289
3.307
3.301
3.142
3.209
3.143
3.167
3.173
3.065
3.295
3.462
3.334
3.701
3.504
3.478
3.226
3.184
3.367

Adiad Al
74.25
74.75
125.7
142.8
120.3
139
134.25
142.55
138.95
110.7
133.35
123.75
136.9
105.25
112.85
121.8
102.95
85.75
143.15
75.2
77.25
88
79.5
62.9
80.5
66.5
94.9
143.7
125.2
155.1
148.15
137.25
147.7
161.65
52.5
55.1
37.25
69.4
72.85
128.7
102.6
79.5



Plot
602-14
602-15
602-16
602-17
602-18
602-19
603-1
603-2
603-3
603-4
603-5
603-6
603-7
603-8
603-9
603-10
603-11
603-12
603-13
603-14
603-15
603-16
603-17
603-18
603-19
605-1
605-2
605-3
605-4
605-5
605-6
605-7
605-8
605-9
605-10
605-11
605-12
605-13
605-14
605-15
605-16
605-17

g/plot
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
150.4
85.1
93.2
55.0
68.7
70.1
7.0
18.0
6.2
4.2
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
60.4
57.6
6.0
0.0
0.0
32.4
25.2
11.0
3.2
0.0
0.0
0.0

Ib/plot
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.331
0.187
0.205
0.121
0.151
0.154
0.015
0.040
0.014
0.009
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.133
0.127
0.013
0.000
0.000
0.071
0.056
0.024
0.007
0.000
0.000
0.000

Ib/ac

O O O O O O O o o o o o

1603.4731
907.28429
993.64155
586.37645
732.43749
747.36344
74.62973

191.90502
66.100618
44.777838

O O O O o o o o

643.94796
614.09606
63.96834
0

0
345.42904
268.66703
117.27529
34.116448
0

0

0

kg/ha

O O O O O O O o o o o o

1800.2192
1018.6081
1115.5614
658.32484
822.30757
839.06493
83.786798
215.45177
74.211164
50.272079

o O O O o o o o

722.96037
689.44565
71.817255
0
0
387.81318
301.63247
131.66497
38.302536
0
0
0

H20 pH CaCl pH

4.248
4.034
4.127
4.212
4.604
3.919
4.341
4.156
3.941
4.4
4.337
4.73
5.881
6.007
5.712
4.962
5.321
5.008
4.679
4.517
4.477
4.518
4.459
4.13
4.077
4.234
4.228
4.121
4.331
4.319
5.523
5.247
5.024
4.972
4.795
4.852
4.888
4.567
5.191
4.385
4.409
4.491

71

3.201
3.105
3.162
3.213
3.212
3.197
3.282
3.233
3.356
3.305
3.472
3.384
4.025
3.974
3.941
3.468
3.614
3.472
3.472
3.331
3.406
3.448
3.352
3.264
3.369
3.214
3.178
3.185
3.368
3.204
3.962
3.845
3.425
3.568
3.204
3.226
3.338
3.407
3.485
3.096
3.154
3.006

Adiad Al
114.25
137.8
147.7
159.35
122.9
150.1
128.2
134.35
125.95
131.55
120.6
139.55
1.2
7.05
42.55
37.8
22.25
63.55
89.65
77.35
81.25
87.25
92.7
108.25
118.8
104.75
109.25
112.8
102.25
109.45
14.9
19.25
47.7
58.35
50.05
46.4
58.7
67.7
71.95
102.9
114.55
115.8



Plot
605-19
607-1
607-2
607-3
607-4
607-5
607-6
607-7
607-8
607-9
607-10
607-11
607-12
607-13
607-14
607-15
607-16
607-17
607-18
607-19
608-1
608-2
608-3
608-4
608-5
608-6
608-7
608-8
608-9
608-10
608-11
608-12
608-13
608-14
608-15
608-16
608-17
608-18
608-19

g/plot

0.0
0.0
0.0
0.0
0.0
48.2
110.3
83.6
54.8
93.4
84.6
56.7
42.6
8.7
5.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
22.7
6.3
5.1
0.0
121
19.4
25.9
51.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Ib/plot

0.000
0.000
0.000
0.000
0.000
0.106
0.243
0.184
0.121
0.206
0.186
0.125
0.094
0.019
0.011
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.050
0.014
0.011
0.000
0.027
0.043
0.057
0.113
0.000
0.000
0.000
0.000
0.000
0.000
0.000

Ib/ac
0
0
0
0
0

513.879
1175.9513
891.2922
584.24417
995.77383
901.95359
604.50081
454.17521
92.754093
53.30695

O O O O o o o o o

242.01355
67.166757
54.373089
0
129.00282
206.83097
276.13
544.79703

O O O o o o o

kg/ha

O O O O o

576.93195
1320.2405
1000.6538
655.93093
1117.9553
1012.6233
678.67306
509.90251
104.13502
59.847713

O O O O O o o o o

271.70862
75.408118
61.044667
0

144.83146
232.20913
310.01115
611.64362

O O O o o o o

H20 pH CaCl pH

4.848
4.282
4.042
4.265
4.124
5.193
5.249
5.102
5.142
5.043
4.849
5.193
4.906
4.594
4.362
4.278
4.346
4.258
4.163
4.058
4.432
4.337
4.152
4.249
4.916
5.419
5.119
5.024
5.124
5.185
5.225
5.097
4.285
4.674
4.221
4.197
3.943
4.157
4.102

72

3.437
2.951
3.105
3.227
3.096
3.552
3.527
3.612
3.84

3.792
3.765
3.685
3.526
3.319
3.283
3.219
3.205
3.354
3.096
2.893
3.224
3.214
2.954
3.105
3.456
3.788
3.739
3.544
3.985
3.906
3.746
3.515
3.133
3.398
3.224
2.948
3.343
3.258
3.307

Adjad Al
87.9
145.35
126.5
117.75
88
49.7
42.05
56.25
40.05
26.8
36.4
60.5
64.45
86.35
92.2
97.4
87.45
111.75
121.8
148.05
137.5
135.75
148.15
122.3
18.55
37.3
53.25
40.7
26.4
24.7
56.15
18.25
92.25
134.2
123.5
130.6
129.4
147.65
151.2
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effect of aluminum concentrations on root growth and determine if the different
cultivars responded differently to the changing aluminum concentrations. Eight
cultivars were chosen. The treatments consisted of 0, 20, 40, 60, and 80 mg Al
kg'. The seeds were allowed to germinate and grow for 72-hours in DI water.
The seedlings were then transplanted into the varying concentrations of aluminum
and allowed to grow for 96-hours. Root lengths were then taken and compared
between the aluminum concentrations and between cultivars.

Findings and Conclusions: Soil acidity greater affected winter carailagelds for
both 2006-2007 and 2007-2008 growing seasons. In the 2006-2007 growing
season the current critical level for growing winter canola, pH 5.8, was found to
be adequate; however, in 2007-2008 not enough data points were found above 5.8
to see the same results. In the laboratory study it was found that for most
cultivars Al concentrations as low as 20 mg Al'kgere found to reduce canola
root growth. Overall, the effects of soil acidity highly effects winter canola
production in the Southern Great Plains. For non-weather stressed yeticala cri
pH of at least 5.8 will be appropriate for winter canola production.
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