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Abstract:

Under Montana coal mine reclamation guidelines, soil and overburden material that contains more than
5 ug of hot water soluble (HWS) boron (B) per gram is not acceptable material for the plant growth
zone. These guidelines are based on the toxicity of boron to crop plants. In the arid and semi-arid
western United States native plant species are used for mined land reclamation. Boron toxicity of
native species has not been well researched. The objective of this study was to assess the effects of
excessive boron on plant species used for mined land reclamation.

Atriplex canescens, Elymus cinereus, E. 1anceolatus, Medicago sativa, Melilotus officinalis, Oryzopsis
hymenoides, Pascopyrum smithii and Pseudoroegneria spicata were seeded into pots in a greenhouse
study. Each species was irrigated with six different boron concentrations (0.25, 1, 5, 10, 20, and 40 ug
B mL"-1) in a diluted nutrient solution. Elymus lanceolatus was also seeded in a soil to which boron
had been added. Emergence, plant height, aboveground yield, and plant boron concentrations were
measured for each species for each boron treatment. Plants were observed for boron toxicity symptoms
during the 96 day growing period.

Whereas aboveground yield of alfalfa was stimulated by the addition of 1 ug B mL"-1, overall the
relative yield of all but one species decreased as boron concentration in the nutrient solution increased.
Yield of fourwing saltbush was not significantly reduced by any level of boron concentration.
Bluebunch wheatgrass yield was significantly (p<0.05) reduced by 20 ug B mL"-1 in the nutrient
solution. Yields of basin wildrye, thickspike wheatgrass, yellow sweetclover, Indian ricegrass, and
western wheatgrass were significantly reduced by 10 ug B mL"-1 . Alfalfa yield was significantly
reduced by 5 ug B mL"-1. Except for alfalfa, average boron concentrations of plants that correspond
with significant yield reduction were higher than boron concentrations reported to cause yield reduction
in crop species.

Saturated paste extractable and HWS boron concentrations of the soil ranged from 0.6 to 16.0 ug B
g”-1. Yield of thickspike wheatgrass grown in soil with 16 ug B g*-1 was not reduced.
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ABSTRACT

Under Montana coal mine reclamation guidelines, soil and
overburden material that contains more than 5 ug of hot water soluble
- (HWS) boron (B) per gram is not acceptable ‘material for the plant growth
zone. These guidelines are based on the toxicity of boron to crop
plants. In the arid and semi-arid western United States native plant
species are used for mined land reclamation. Boron toxicity of native.
species has not been well researched. The objective of this study was
to assess the effects of excessive boron on plant species used for ‘mined
land reclamation.

Atriplex canescens, E7ymus cinereus, E. lanceolatus, Med7cago
sativa, Melilotus off7c7na77s, Oryzopsis hymenordes Pascopyrum smithii
- and Pseudoroegner1a spicata were seeded into pots in a greenhouse study.

Each species was irrigated with six d1fferent boron concentrations = .
(0.25, 1, 5, 10, 20, and 40 ug B mL™") in a diluted nutrient solution.
E7ymus Ianceolatus was also seeded in a soil. to which boron had been
added. Emergence, plant height, aboveground yield, and plant boron
~concentrations were measured for each species for each boron treatment.
- PTants were observed for boron toxicity symptoms during the 96 day
growing period.

Whereas- aboveground yield of alfalfa was stimulated by the
addition of 1 ug B mL™", overall the relative yield of all but one
species decreased as boron concentration in the nutrient solution
increased. Yield of fourwing saltbush was not significantly reduced by
any level of boron concentration. Bluebunch wheatgrass yield was
significantly (p<0.05) reduced by 20 ug B mL™' in the nutrient solution.
Yields of basin wildrye, thickspike wheatgrass, yellow sweetclover,
Indian r1cegrass, and western wheatgrass were significantly reduced by
10 ug B mL~ Alfalfa yield was significantly reduced by 5 ug B mL™
Except for a]fa]fa, average boron concentrations of plants that .
correspond with significant yield reduction were higher than boron
concentrations reported to cause yield reduction in crop species.

Saturated paste extractable and HWS boron .concentrations of the
soil ranged from 0.6 to 16.0 ug Bg'. Yield of th1cksp1ke wheatgrass
grown in so11 with 16 ug B g was not reduced. :
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INTRODUCTION

Regulations whicn govefn fhe Montana strip and underground mine
siting act state that "a mine operator shall bury all toxic materials
under adequate fill (Montana Deoartment of State’Landé 1980)." In
Montana material is toxic if hot water soluble boron concentrations
(HWS) are greater than 5 ug g™ (Montana Department of State Lands
1983). The Montana guideline is based‘on tokicity of boron to crop
plants (Becic 1983). 1In Montana, native plant spec1es are used to

roc]aim coal mined land. Many of the native species may have evolved
| under conditions of high boron in the soi]. Knowledge of boron toxicity
to native perennial p]ants is Timited (Becic 1983).

Bonon toxicity is a concern for more'areas tnan the reclamation of
coal mined lands. Excesste boron in soil and water has resulted from
several human practices. Agricultural drainage waters from farmlands in
the San Joaquin Valley in-California contain 15 ug B mL™'. This
' dra1nage has contaminated groundwater at the Kesterson Reservo1r (Benson
et ‘al. 1991). Dreesen and Wangen (1981) found e]evated levels of boron
in\saltcedar‘(Tamar7x.ch7nensis) that was growing near effluent channels
of a coal-fired power plant. Boron tokiciﬁy is one‘of sevena1‘ |
| properties of the ash which afféct the establishment of vegetation on
pu]veriied fuel ash deposits (Hodgson and Townsend 1973).

High levels of boron also are créated in. nature. Young and Evans
(1986) found that a substantial amount of boron was depos1ted by erosion
and subaerial deposition from p]ayas in the Great Basin of North
America. In Nevada, Rollins et al. (1968) found higher levels of boron
in soils of areas where wind deposited fine materials comoared with

areas where wind eroded fine particles.
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Because of the agricu1tﬁraf importance of this element, numerous
determinetions of boron concentrations in‘aﬁrieu1tura1'crop p1ants are
available (Berger 1949, Bradford 1966, Gupta 1979 Maas 1987)
Know1edge of the boron nutr1t1on of nat1ve plants is needed to
successfully reclaim western m1n1ng d1sturbances The obJect1ve of this
‘study was to determine the effects of excess1ve boron on p]ant spec1es |

used for mined 1and rec]amat1on
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REVIEW OF .LITERATURE

Boron in plants

Boron is a micronutrient that plants requfre for normal growth and
reproduction. Plant analyses reveé1 very 1qw concentrations (less than
100 ug g’ dry weight) of this eTement (Sa]isbury and Ross‘1985). The
amount of boron required for plant growth differs for each plant
species; When plants take up more boron than necessary, pTant,growth
and reprbdugtion may be injured or reduced. This rdnge between the
concentration required to the concentration at which boron is toxic is
narrow and varies for éach p]ant‘species (Eaton 1944)..

While a specific role for boron in p]ant‘growth has not been
identified, research indicates.that boron may be invo]véd in several
plant physioTogiéa] processes} Reviews by Dugger (1983), Shkolnik
(1984) and Marschner (1986)'suhmarized kesearch to determine the
physio]ogica1 role of boron in plants. They separated this research
iﬁto six general categories within which bofdn ﬁay biay several roles.

1. Bordn comp1exes with organic‘structures. | .

Cell elongation-and division and nucleic acid metabolism.
Carbohydrate and pr6tefn metabolism. o
Tiséue differentiation, auxin ahd pheno]\mefabq]ismr

Membrane permeability.

N ot AW N

Pollen germination and poﬂ]eh fube gréwfh.

PTant‘uptake of boron from the soil solution into the root and "
subsequent transpokt‘ffoh the'root thfoUgh the xylem is not strict]y a
passive process (Raven~l986)."Bowen (1972) showed that the ratio-pf .

boron uptake to water uptake can be higher or Tower than the ratio of
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boron to water in the solution surrounding plant roots. Boron transfer
from the root to the shoot may be by mass f]qW-in the transpiration
stream. This would Suggest that boron concentration in the roots and
transpiration stream are Simi]ar,‘ However, a study with two géhetic
" strains of tomato (Lycopersicon esculentum) plants has shown that boron
transport from fhe root to the shoof djfferéd,between the two strains.
While both contained the same amount of bdroh'iﬁ,tﬁétfoofs,
‘trénspiration‘of,bohon was‘muchvgreater in one strain than in the other 
(Brown and Jones 1971). Once in the leaf of the plant boron is not
relocated to other parts of theupTant (Wolf 1940).

Boron toxicity symptoms usually appear in the leaves of plants.
These symptoms appear on the leaf as.tip burn, tip and marginal burn,
marginal burn, irregular areas,_or’ye11OW‘and‘dead areas between veins
(Marschner 1986). According to Bradford (1966, moderate to acute bofon
toxicity appears as a necrosis on the‘1eaf. This necfosis begins as a
yellowing at‘the tip and or margins of the Teaf and spreadé to the
interveinal tissue eventually reaching‘the=midh1b.‘ Symptdms of boron
toxicity do not always appear'onfleéves. Effééig»d%‘ekcéss boron in
apricoté (Prunus armeniaca) appear as enlaréed'nodes and shortened
internodes of Eranches‘(Eatbn 1944, Bradford 1966). 0ert1i and Koh1
(1961) determined that within 1eavés‘w1th symptoms'of‘boroh toxicity
necrotic areas contained the highest améunt of boron, while chlorotic
areas contained less boron than necrotic areas_énd green areas of leaves
contained the least amount of boron. Those.researchers found that boron
toxicity was confined to areas in which boron was most concentrated.
They noted that tissue, or in some cases, whole leaves containing excess
boron may die and fall off the“piant. By that process the boron

concentration in the plant was reduced in some species.
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Studies of boron nutritfon in crop p1aﬁts revealed that on a dry
weight basis mature, normal leaves contain an average of 20 to 100 ug B
g"! and deficient leaves contain less than 15 to 20 ug B g™'. Toxicity
occurs when leaf boron concentration exceed'ZOO_to‘ZSO‘ug Bg' (Wilcox .
1960, Gupta et al. 1985, Maas 1987). Gupta (1979) summarized the |
deficient, sufficient and toxic levels of boron (dry weight basis).for
24 species of crop plants. In genefa], for most of the species listed,
plant boron concentrationsvcorrésponding to conditions of deficiency,’
sufficiency, .and toxicity fall within the concentrations previously
noted. Gupta cited a study which fouﬁd‘that boron toxiciﬁy occurs ih
sugar beets (Beta vulgaris) when p]ént boron concentrations éxéeeded 800
ug B g”'. Brenchley and Warington (1927) showed that barley (Hordeum
vulgare) p]anfs requiréd Tess-boron than ‘Tegumes for normal growth§_.
Cartwright et al. (1984) found that barley plants wére severely affected ‘
if boron concentrations in the b]ants exceeded 62.4 ug B g'.

Fifty-two species of crob plants in Eaton’s (1944) sand culture
study of boron toTerance were c]assified into groups of boron sensitive,
boron semi-tolerant and boron tolerant. FEaton calculated a to]eran;e
value for each species. He determined the méan.dry weight of each
species of plants grown in sand that was irrigated with nutrient
so]utions cohtaining trace, 1, 5, 10 and 15 ug B mL™'. - Thé average dry -
weight of plants irrigated with solutions containing 5, 10 and 15 ug B
mL™! was divided into the average dry‘weight,of p1ants_irkigated‘wjth
nutrient solution containing a trace or‘l'ug B mL"’ (Eaton used the
larger). This quotient multiplied‘by'loo resu]téd in a to1erancevva1ue
for each species. Tolerancevva1ues ranged from 50 (most sensitive) to
217 (least sensitive)f “Boron tolerant species included: asparagus '

(Asparagus officinalis), értichoke (Cynara scolymus) , cottdn"(Gossyprh
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hirsutum) and sweet clover (Melilotus indica). B]ackberry (Rubus sp. ),
lemon (Citrus 1imon), e]m (UTmus americana), lupine (Lupinus hartweg11)
and kidney bean (Phaseolus vulgaris) were classified as boron sensitive
. plants. The semi—to]efant class included Kentucky bluegrass (Poa
pratensis), barley, corn (Zea mays), milo (Sorghum.vufgare), oats (Avena
sativa), alfalfa (Medicago sativa), and tomato.

Berger (1949)'bbserved that the most tolerant plants in Eaton’s
study (1944) had the lowest boron‘concentrations (dry weight basis)
while the least tolerant p]ante hedlhighest boron concentrations in the
plant tissue. Oertli et al. (1961) noted that sensitivity towards
excessive boron supply is related more closely to upteke rates fhan to
differences in tolerance of tissues. Nable (1988) found‘that a large
range of resistance to boron toxicity in wheat and barley cultivars was
governed by the ability of-the-cu]tivef to restrict boron accumu]at{on
in the plant. | 7

Gupta (1984) measured plant boron concentrations in alfalfa in
response to boron fertilization and 1liming 1n the f1e1d Deficiency
symptoms appeared on alfalfa plants when p]ant boron concentrat1ons were
Tess than 30 ug g''. There were no d1fferences in plant boron
concentrat1ons due to boron by Time 1nteract1on However liming
reduced plant tissue boron concentration in half of the alfalfa samp]es

Maas (1987) used the work of Eaton (1944) along with that of other
researchers to describe maximum-ranges of boron concentretion in soil
water which agricuTtural crops can tolerate. These ranges of soil boron
- concentrations represent a threshold above which-yield is reduced.
While some crops exhibited toxicity symptoms at Tower boron
concentrations yield was not reduced. Maas established six categories

of boron tolerance based on those threshold soil boron concentrations.
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Two species in the very sensitive categbry, Temon and blackberry can
tolerate no more than 0.5 ug B g'. Grape (Vitis vinifera), lupine and
strawberry -(Fragaria sp.) are among 27 species in the sensitive category
which can tolerate from 0.5 to 1.0 ug B g''. Moderately sensitive
species can tolerate 1.0 to 2.0 ug B g"1 in the soil watef. This
category includes Kentucky bluegrass and sweetclover. The boron-
thresho1d~of7moderate}y toTefant*category réngeslﬁfom 2.0 to 4.0 ug B
gl To1erant‘species have a threshold range from 4.0 to 6u0:ug.B‘gfi,
this category includes alfalfa and beets. Only two specieé comprise the
very to1érént category, cotton and‘asparagusihaVe threshold rahges from
6.0 to 10.0, .and 10.0 to 15.0 ug B g°*, fespgctive]y. |

Gestring and Soltanpour (1987) derived equations to describe yield
reduction and toxicify‘symptoms of four alfalfa varieties in‘three
different soils usfng different boroﬁ indices. The investigators
determined that plant boron concentration was the best index to predict
boron‘toxicity in alfalfa. They determined that alfalfa yield was
significantly reduced when plarit bdron concentration exceeded 850 to 975
ug g°'. Using only soil boron concentration the équatién did not
predict alfalfa yield reduction or boron toxicity symptoms (r? < 0.56).
Better prediction resulted when other soil variables (pH, OM content and

" percent clay) were included in the equation (r? > 0.83).
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Boron in soils

Boron in. Dr1marv m1nera1s

In genera], rocks of marine origin conta1n more boron than rocks’
of volcanic origin (Christ and Harder 1969, Aubert and Pinta 1977, '
Norrish 1975, Ebens and Shacklette 1582). Total boron content of shale
rocks (n = 216) from the Sauk sequence in the Wegtérn United States
ranges from less thaﬁ 30 to 220 ug B g'', with a geometric mean of 43 ug
VB gl 'OnTy sixteen of 392 Timestone and dolomite samples from that
same sequence cdntaineé‘measurab]e boron contentrations,‘these fanged
from less than 46 to 130 ug B g*‘(Connor and Shacklette 1975).

. anera]s‘cpntaining boron sTQw1y dissolve and release boron to
~soils. A1l of'the‘boron in soils (total boron)'can‘be‘sepératéd into
three phases: 1) dissolved in the soil solution, 2) adsorbed on é solid
component (c1ay minera1,‘ofganic matter or metal oxide precipitate), or
3) part of a soil mineral. Plants remove boron that is digsolved in the
soil solution (Miijkovic et al. 1966, Keren et al. 1985, Jin et al.
1987). Less than five percent of total soil bd%ﬁﬁ is dissolved in the
soil solution (Berger and Truog 1940, and Jin et al. 1987, 1988). Boron
that is dissolved in the soil solution is in equiTibrium with boron in
the adsorbed and mineral phases. Boron fs re]eased.from the adsorbed
and mineral phases,to‘replace thét‘whichfwas‘removed from the\soi1"
solution by p]aﬁt uptake (Rhoades et al. 1970, Peryea et al. 1985).

| Mattigod-et al. (1985) showed that in neutral and ac1d1c
conditions dissolved boron is present in the form of bor1c acid (H3803)
In basic conditions dissolved boron is present as the borate ion
(B(OH),"). Under'conditions of changing pH the‘broporfion of borqn

‘present as borate ion increases as the pH of the solution increases.
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These investigators also found that formation of boron complexes may
occur if other ions are dissolved in the solution.

In a 1942 survey of boron‘status of soils in the Unitgd StateS,
Whetstone et al. (1942) found that total boron in 300 soil samples
ranged from 4 to 88 ug B g’ with water soluble boron approximately 1
ug g'1. Connor et al. (1976) found that total boron in surface ahd.
subsurface soils in the Powder River Basin éréa of Montané and Wyoming
ranged from less than 20 up to 70 ug B g*. Severson and Tidball (1979) °
reported that the geometric mean of total boron concentrations in tﬁe
topsoil in the Northern Great Plains coal region was 41 ug gt Bokon
cbncentration in tﬁe subsoil of this region ranged from 16 to 115 ug
g*. The geometric mean 6f the subsoil boron was 43 ug g4,

Shacklette and Boerngen (1984) measured total boron conCentratidﬁ
in surface materials across the United States. They found that total
boron ranged from less than-20 to 300 ug B g . .One third of these
samples contained less than 20 ug B g™', while ten‘perCent contained
greater than 70 ug B g'. The average boron concentratioﬁ'of surface
materials east of the-96m‘meridian was s1ighf1y highér'than the aVerage
boron concentration west‘of the 96 meridian, however, this difference

was not significant.

Factors which influence available boron in soils

In their survey of the boron content of soils of the United
States, Whetstone et al. (1942) attempted to correlate the boron coqtent
of soils with soil propertigs and c]assjfitatidn. These 1nve$tigat6¥s
found that acidic soils contained less water soluble boron compared with
alkaline soils. In humid regions tbp5011 had‘higher‘boron‘concene'

trations than soil from lower horizons. The researchers suggested that
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‘soils developed‘froh']imeétohe'were reTative]y‘high in boron because of
soil formation factors.

, Severa] studies found that avai]ab]é boron in acidic soils was
positively correlated to the‘organic matter content of thoseesoi]s
(Parks and White 1952, Page and ?aden 1954, Miljkovic et al. 1966).
Other studies with alkaline soils found that boron availability was-
influenced more by the pH of the s0il than the organic matter<conteht
(Wolf 1940, Berger‘andtTruog 1945, Gestring and So]tanpour‘1987,.Jtn
1988). | o

Soil texture a]sq jnf]uences available boron in the soil.
Cartwright et al. (1984) measured 1ower‘boron concentrations in the
saturated paste extract from coarse textured (sandy) soils cbmpared with
fine textured soils. These researchers suggested that the difference‘in_
boron concentrations of the soils was due to the'1ength of time required -
for the saturated paste extraction to equilibrate. A Tonger
equilibration time was necessary for the finer textured 5011§ and‘this
may have allowed more boron to dissolve from the soil minerals. A
Gestring and Soltanpour (1987) added'boren toatﬁree'eoi1s: silt Toam,
Toam and sandy Toam. These investigators found that more of the added
boren was available in the coarser textured loam aad sandy.1oam soils
than tn the silt Toam sotT.‘ Miljkovic et al. (1966) found that boron
absorption by . sunflowers (Helianthus annuus) in Ontario soils increased
as clay content increased up to 15 percent. :Abserption by sunflowers
decreased in soils as cTay content increased from»15 to 20 percent.
Kubota et al. (1948) and Wilson et al. (1951) found boron moved more
rapidly in coarse textured soﬁ]s as compared with fine textured soils. _
Keren et al. (1985) fodnd,that the chemical activity of bqron is greater

~in coarse textured soils as compared with fine textured soils.
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Boron avaiiabi]ity is a]sd affebtéd by moisture content of soils.
In their wérk with sunflowers, Miljkovic et al. (1966) found that boron-
absorption by sunflowers was higher from Spi] with highef moisture

content than soils with Tower moisture content.

Boron adsorption in soils

.Sposito (1989) defines adsorptibn as a,pfocegs_in which‘twq
é]ements coprecipitate at the interface of a host minéra1 and the soil
solution. Two elements which'coprecipitate must.have some amount of
structural compatibf]ity. Adsorption results in a uniform mixing of the
two elements at the site of precipitation. o '

Boron adsorption is dependent on pH of the'Sbi]f(Hue,et al. 1988).
As calcium hydroxide is added to soiTs, the pH‘inﬁreaées,:calcium ions
replace aluminum ions on the exchange sites. Aluminum ions precipitate
as aluminum hydroxide; this p}ecipitate‘adsorbs either boric acid or the
borate ion (Sims and Bingham 1967, 1968a, 1968b,'Hétcher et a]._1967)Q
The adsorption is a 1igénd exchange mechanism (Hihééﬁoh ét al. i972).

As the pH increases above nine, adsorption of the ‘borate fon decreases
because hydroxyl ions in solution have a gfeafer.affiﬁity for the
adsorption sites thah do the borate ions. The borate ion is‘fepu]sed-by
the negative charge associated with the adsorption sites becauée’bf the
adsorbed hydroxyT ions in the higher pH soTut{oﬁ. | |

Clay content and clay type influence boroh é&gaﬁbtion.‘ Keren et
al. (1985) found greater adsorption in soils wifh‘highér‘clay éontent,
Goldberg and Glaubig (1986b) found a signiffcéntzcorré1atibn-befween
clay cdntent and the maximum boron adsorbed by-15 Ca1ifornié soils. On
a weight'basis montmorii]onite and;kaolinteuadsofb'mpre boron than

illite (Goldberg and Glaubig 1986a). Based on surface area, illite
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adsorbed the most boron and kaolinite adsorbed more boron than
montmorillonite (Hingston 1964). |
Couch and Grim (1968) studied boron adsorption on illite c1éys, R
They found that adsorption increased as the concentration of the borate
ion (B(OH),”) in thé‘so1gtion increased. A greater percentage of the -

boron was adsorbed from solutions containing low boric acid

concentrations compared with solutions containing Ef&H”50§ic acid
concentrations. They suggested that;bOrdn‘was pfobab]y adsorbed to
edges of clay minerals where broken bonds created positive charges that
would attract the negatively charged borate ion. Boron was also
incorporatéd into the crysta]1ihe‘structure of the illite, either by
authigenic processes or through intracrystalline diffusion.

Boron adsorption by amorphous soils of volcanic ash deposits was
strongly correlated to amorphous a]uminuh oxide content of the soil (Hue
et al. 1988, Bingham et al. 1971). 1In ¢a1careous 30115, boron
adsorption was reduced by 10%"after calcite was removed, adsorption on
the ca]careoususoi1s was similar to adsdrption on caT;ite minerals
- (Goldberg énd-#orster 1991). o dhfhvmh o

Adsorption isotherms and other models have been used to predict.
béron\adsorption, wifh varying degrees of success. For soils of New
Mexico the Langmuir adsorption isotherm did not describe boron
adsorption, while the Freundlich adsorption isotherm did describe boron
adsorptidn (E]rashidi‘and O’Cdnnor 1982). Goldberg and Glaubig (1985)
used the constant capacitance model to predict boron adsorption on

aluminum and iron minerals over changing conditions of pH.
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Other elements that‘mév’inf1uence boron in soils

Brenchly and Warington (1927) noted that‘boron uptaké‘may be
influenced by calcium in the system.  Reéve and, Shive (1944) observed
that external symptoms of boron deficiency were similar to calcium
deficiency and studied the relationship between calcium and boron in a
soil system. They found that boron toxicity symptoms decreased with
-1ncreased calcium in the system. Their‘resuTts'shdﬁéd that cotton
plants grown in a soil with high pH (7.5‘- 7.8) and high calcium
concentration had fifty percent less boron uptake than plants grown in
soil with Tow pH (5.5 - 5.8) and Tow calcium concentration. This
reduced upfake may indicate boron was removed from the soil solution by
adsorption. Cartwright et al. (1984) found that in barley plants the
calcium to boron ratio was 28.8 in plants with seQere boron toxicity‘
symptoms Whi]e this ratio was 159.4 in plants with sTight boron toxicity(‘

symptoms.

Boron assessment in soils and plants

The hot water soluble (HWS) boron extraction method was first
described by Berger and Truog (1940). Binghah (1982) describes more
recent modifications. This method entails boiling a 2 to 1 mixture of
0.01 M (molar) CaCl, and soil for five miﬁutes in a flask equipped with
a reflux condenser. The cool mixture is filtered. An aquuot‘of the
filtrate is heated over a flame to destroy organic matter. The residue
is dissolved in a weak acid qnd then ahaTyzed colorimetrically with a
spectrophotometer to determine boron concentration. Boron concentration
is calculated in ug B g™ soil. | |

The saturated paste extfaction hethod éntaiis‘éaturafing soil with

diéti]led water, allowing this mixture to equi]ibrate'overnight.ahd
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extracting the liquid using vaéuum and filtration. Boron concentration
in the extract is determined in ug B mL™' (extract) and converted to
boron concentration per unit weight of soil using the saturation
_percentage of the soil (Bingham 1982, U.S. Salinity Laboratory Staff
1954). o |

Hot water soluble boron concentrations correlated best with p1ant 
- boron uptake when compared with total and aéﬁﬁﬁggfhbié‘bofon ‘
. concentrations (Berger and Truog 1940).“Gest£ing énd'SO1tanpour (1987)
used saturated paste, HWS, mannito1-CaC1é‘and_AB%DTPA1(ammonium
biparbonate_diethy]enetriaminepeﬁtaacefic acid) extraction methods to .
determine available soil boron of three different soils. They found
that none were adequate to predict boron.toxicity of4ana1fa. .According
to Bingham (1973) the boron concentration of &atufatéd‘paste extract is
comparab]e to that of the soil solution. Becic (1983) and Barth et al.
(1987) state that hot water‘so1ub1e.extraction may be a Tess stable
extraction technique than the saturated paste extraction to determine
available boron in soils, neither author cited pub]ished research to

support that statement.

Perennial, non-crop. species response to boron

Oertli et al. (1961) assessed boron toxicity of several turfgrass
species. Kentucky bluegrass and seaside bent (Agrostis palustris var
seasidé) germination and establishment in soil was stimulated by
watering with a nutrient solution éontaining 4.8 ug B mL™'. This boron
treatment did not affect their growth rates. Clipping removed excess
accumulated boron from those grasses. -Borpn treatment of 10.1 ug mL"

did not affect growth rate of weeping a1ka1igras$ (Puccinellia distans)
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over a 15 week period in.a sand culture compared with growth réfe of
p]ants_receiving 0.1'and'4;6 ug B‘r‘nl'_"'1 treatments. If not clipped,
leaves of weeping a]ka]igrass‘treated with 4.6 and 10.1 ug B mL"" ‘
developed necrotic areas, the amount of netroticiarea increased with
higher boron treatment. If c1ipped, necroses were not different between
treatments. 'As boron Tevel increased the weeping a]ka]igras§~became'
darker green. Boron concentrations in thé:1é§?ff?3§25?‘weéping
alkaligrass were ten times greater than in the overél] leaf blade. .
Plant boron concentrations of bermudagrass.(Cynodon dactylon) Japanesé
lawngrass (Zoysia japonica), alta fescue (Féstuta arundfnacea), creeping
bent (Agrostis palustris) perennial ryegrass {Lolium perenne) and
Kentucky bluegrass were mbnitored as thesé‘grasses were éxposed to 10 ug
B mL™" iﬁ a water culture for fwo weeks. Plant boron'cdncentrations
increased after the plants were exposed to boron in solution, and then
plant boron concentrations decreased after boron was removed from the
solution. Leaf tips and edges accumulated more boron than other Teaf
parts. | : o

Chatterton et al. (1969)-compared géfﬁigéf{;ﬁuandléfbwth of

several accessions of desert saltbush (Atriplex polyéarpa) grown in
water cu]tdres containing high levels of boron. Germination was not
affected‘by treatment with‘soTutions of 25‘or 50 ug B mL™' compared with
0.25 ug B mL™'. For one acceésioh; roots of plants grown in 80 dg B mL™
were significantly shorter thaﬁ those grown in 20 or 40 ug B mL™". Root
Tength of the other desert saltbush accessions was not affected by 80 ug
B L™, | R

| Schuman (1969) determined the re]ative boron tolerance of three

varieties of tall wheatgrass (Thinbpyrum\pOnticUm). A11‘varieties

exhibited similar degrees of‘bdron‘tdlerange.'ishgqg growth of all three




varieties was‘féQUced by 50 pércent in nﬁtrient solution boron
concentrations ranging‘ffom 33 to 36 ugiB‘qu. ‘There  was no
interaction between boron treétment and varieties. After 60 days the |
root to sheot ratio for Alkar tall wheatgrass was COnstgnt in boron
concentrations from 0 through 150 ug qu. ‘Germination was faster at
higher boron levels. Boron toxicity §ymptoms'were not observed until 10
days after the plants were exposed to boron. |

Rollins et al. (1968) studied the relationship of tall wheatgrass
seedling survival to physical and chemicai properties of surface soils
at a.greasewodd-rabbitbrush rénge site in Nevada. lThis site contained
small dunes and barren soil areas. The dunes consisted of large soil
particles that were not removed by wind blowing across the site. Small
windblown particles were deposited in barren sbilléreas between the
dunes. The barren soil areas had hidher concentrations of‘boron (3.7 -
215 ug B g™', saturated baste‘extract), éodium‘and total salts compared
with the‘dUné areas. A1kér ta11,wheatgrass seeded in the spfing during
two years had good emergence across thé site. - P]ants~growing‘in barren'
soil areas were smaller Teaved, light gréen‘wifﬁwade %ips, and they
died by fall of each year. The 1nvestigatprs suspected ‘that the plants
may have been killed by excess sodium, borbn-or tdta]_salté. Rollins et
al. noted that Alkar tall wheatgrass grew well iﬁ soi]é wifh boron ‘
concentrations (from saturated paste extract)‘gréatef than 2 ug g™' and
sti11 had good growth in soils with boron éonceﬁtraiiéns greater than 8
ug 9-1. . L . ‘.

In California, Pratt et al. (1971) 1isted-fa11 wheatgrass and
fourwing saltbush (Atriplex canescens) among seVera]-grasses, shrubs and
trees that would tolerate spoil with high‘boron concentrations. They

did not measure boron concentrations in the Spoil‘or plants.
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Connor et al. (1976) surveyed trace element concentrations in
surface and subsurface soils and sagebrush (Artemfsfa tridentata) .
growing in the Powder River Basin of qutana and:Wyoﬁing. They found
total boron concentrations in the surface and subsurface soils ranging
from less than 20 to 70 ug B g*'. Boron concentrations in the sagebrush
across the region ranged from 200 to 500 ug B gﬂ. :

Gough and Severson (1981) compared bordﬁ_tdﬁdéhﬁkatfons of
fourwing- saltbush and alkali sacaton (Sporobolus:airéides) 6011ected
from rehabilitated mine sites with those co]]ecfed from native -
undisturbed sites. Boron concentrations in plants from the mine sites
were higher thaﬁ boron concentrations {n‘p1anté'Fr6@ native sites. |
While total boron in rehabilitated soils was Tower than total boron in
native soils of that region extractable boron TéVels were higher in the
mine soils. They atfributed the higher pTant bo;on concentrations at
the mine sites’to higher extractable boron‘in the spoil material. They
suggested that after mining the fractured spoi] would have greater
surface area exposed to release greater amoUnts of boron to the
exfractabTe pool. | BRERR

Severson and Gough (1983) surveyed 11 coa]_mineé of'fhe Northern
Great Plains, Powder River Basin and Green River regions to éssess hot
water soluble soil boron availability and plant boron uptake from
reclaimed mine soils. Fourwing saltbush was the only p1ant growing at
oné site at which HWS boron concentrations of?fhé-sdil'?anged from 2.5
to 9.5 ug B g”". Bordn concentration fn the fouf@ihg sa]tbush‘rangéd
from 140 to 420 ug gq.’ At a different site, infermediéte wheatgrass
(Thinopyrum intermedium) growing in soil contéining 0.5 to 2.0 ug-B g
had plant boron concentrations of 4.0 to 16‘qg g'. At a third site,
alfalfa growing in soils with 0.5 to 3.0 ung gf_hgq‘p]ant,boron
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cbncehtrations ranging from 22 to 130;ug g'. At another site, fourwing
saltbush growing in soils containing 0.5 to 1.0 ug B g’ had plant boron
concentrations of 26 to 38 ug g''. Slender wheatgrass (Elymus
‘trachycau7us) growing in soil with 0.5 to 3.0 ug B g”' had 3 to 36 ug g’
boron concentration. ‘Mostlof'thesefp1ant boron concentrations are
within'the range for normal growth (Gupta.et al. 1985), however bofon
‘ conéentration in the Fourwing.sa1thSh growing at the high boron site
may have been above normal. | - |

KiTlkelly and Lindsay (1982) measured -boron céntent of western
wheatgrass (Pascopyrum shithff) growing .in soil of differént thicknesses
over two types (high and low total boron) of 1eaéhed and unleached
retorted oil shale in Colorado. They incTudéd‘a high elevation site and
a low elevation site in their study. At both sites, boron |
concentrations in plants growing over either shale were higher (20 to
180 ug B g'') than in plants not growing over shéle (<20 ug B g"). |
- Differences in plant boron conCentraﬁions between the shales were
. attributed to the different total boron éontéhtsibf‘each'shale.‘ Thicker
soil layers over the shale tended to reduce pléhfzbokﬁﬁ'coﬁﬁéntrations,
Plants at the high elevation site had\]oWer boron concentrations than
plants at the Tow elevation site. Plants growing directly in the hiéh
boron shale were stunted and their leaves scorched. |

Schwab et al. (1983) measured boron content of Indiaﬁ ricegrass
(Oryzopsis hymenoides), fourwing saltbush, western wheafgrass, Shermans
big bluegrass (Poa ampla), Utah sweetvetch (Hedysqrum boreale) and
winterfat (Ceratoides 7anata)‘growin§ in soil froh 0 to 90 cm deep
covering retorted oil shale. Total and extractable boron concentrations
in the shale were 120 and 1.89‘ug B g, reSpective1yL They stated that

boron levels of these plants were somewhat e1évated compared with plants
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from the surrouhding area, yet bé]ow toxic 1eVe1s for most cultivated
species. The authors did not report the levels of boron in the-p]anté.

Smith (1984) grew five species of range plants in retorted oil
shale which had been adjusted to different boron concentrations.
Extractable boron concentrations ranged from 2.2 to 55 ug B g™’ (NH,Ac
extractable). Indian ricegrass and Utah sweetvetch did not grow in the
shale at any boron concentration. Yield of'weétern whéatgrass grown in
shale containing 20 ug;B g'1 was reduced by 45% from the yield grown in
shale containing 2.2 ug B g*ﬂ Yield of winterfat grown in shale
containing 7.5 ug B ¢! was reduced by 31% compared with its yie1d'grown‘
in shale containing 2.2 ug B g'. Maxihum‘yie1d‘of fourwing saltbush
“occurred in shale‘CQntainihg 20 ug B g’*. 'There were no differences in
yields of fourwing saltbush Qrown‘iﬁ shale containing 2.2, 7.5, 10.0’énd
20 ug B g'. In shale containihg 33.8 ug'B g, yie]deés reduced by 47%
compared With the maximum yie]dﬂ Smith concluded that there was no
clear response of fourwing sa]tbush‘yie]d‘to‘boron concéntration in the
shale and that in shale conta1n1ng up to 20 ug B g , p]ant y1e1d may
have been positive with respect to boron.

Marquis et al, (1984) determined boron tolerance of desert
saltgrass (Distichlis stricta) re]ative to reed canarygrass (Phalaris
arundinacea) . Seed]ihgs.of both species wefe grown for 28 days in
nutrient solution with boron concentration adjusted from trace boron
(0.5 ug B mL™") to 300 ug B mL™'. Growth of the saltgrass was not
different among nutrient solutions with boron concentration less than
300 ug mL™". .Howevef, in solution containing 500 ug B mL™' growth was
reduced by 50%. Reed canafygrass growth decreased with all bordn
additions to the nutrient'so1ution. Boron concentrations in shoots of

reed -canarygrass were four times greater than in shoots of desert
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saltgrass. Boron concentrations in the roots of thevcanarygrass were
1.7 times higher than in roots of:desert sa]tgrass. The investigators
proposed that the differential boron uptake reflected differences in
trenspiration or genetics of the two species.

Roundy (1985) measured the effect of boron on germination and
seed11ng growth of Jose tall wheatgrass and Magnar basin w11drye (E7ymus
cinereus). " To assess germ1nat1on and radicle growth "of both species,
Roundy determined germination and measured radicle growth by placing
seeds in boxes containing polystyrene foam and irrigating each with
boric acid solutions. Borbn concentrations ranged from 0 to 500 ug B
mL™t. Germination of the wheatgrass was not affected by any boron
concentration up to 500 ug mL™' while the wildrye germination was
reduced from 92% to 80% at 200 ug‘B mL™!. While radicle growth of both
species was reduced at boron concentrations greater than 120 ug B mL™",
radicle growth of Jose tall wheatgrass was more reduced thah Magnar
basin wildrye. To aésess seedtingngrowth, Roundy seeded both species
into pots containing sandy loam soil. The pots were 1rr1gated every
other day with Hoagland’s nutrient solution with adJusted boron levels
ranging from 0 to 100 ug B mL™T. Roots‘and shoots were harvested 45
days after seeding. Seed]ﬁng survival of the wheatgrass was not
affected by boron while for wildrye it was reduced in boron
concentrations greater than 60 ug mL™'. Both 'species exh1b1ted
pronounced tip burn at 80 ug B'mL' and some ehlorosis was -apparent in
60 ug B mL™". While root growth of both,spectes was similar in
sensitivity to increased boron‘coneentration thie growth was more
sensitive to boron than shoot growth. Shoot growth of wildrye was more

sensitive to increased boron than shoot growth of the wheatgrass.
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Hanson et al. (1990) planted pregerminated thickspike wheatgrass
(Elymus lanceolatus) seeds into‘sand{ clay End'snaTe s011s. Boron
‘Tevels in these soils were adjusted to range from' 1.3 to 57.9 ug g
(HWS). After a 100 day growing period 10 and 20% reduction in shoot
growth corresponded to HWS soil boron concentrations of 11.6.and 20.5 ug.
B g'1, respective]y.' Root growth in their study was more sensitive to
boron than shoot growth. Root growth was reduEed'id%'end 20% at 3;8 and
6.6 ug B g'. Boron injury to thickspike wheatgnass occurred at lower
soil boron concentrations in sandy s0il than in clay or shale soils.
They proposed that this Tower boron tolerance in sandy soil might be
related to\]ower soil moisture in the sandy soil compared with clay and
shale soils. '  ' ‘ '_ ’ l
In summary, the research of boron nutrition o%'non-crop specfes is‘
limited to a few species under varied research conditions. A general
consensus is not possible. As with the crop spec1es, some non- crop
species are very sens1t1ve to excess boron, others are tolerant of
higher boron concentrat1ons and some - spec1es fa]] between these two

extremes

Nutrient solution culture

Plants require nutrients for norma1'growth and repnodUCtion
Carbon, hydrogen and oxygen are obtained from a1r and water, other
nutrients (n1trogen, potass1um, ca1c1um magnes1um, phosphorus, su1fur,
chlorine, iron, boron, manganese, zinc, ‘copper, and mo]ybdenum) are
obtained from the growing medjum (Salisbury and Ross 1985) “
Plants grow well in.solntfons‘WTth elemental concentrations

similar to those in the soil solution asvlong_as %ﬁi?@?QuaTe supply of
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all é]ements 1s.applied and maintained (HeWittllgﬁﬁ;vAsher and Edwards
1983, Salisbury and Ross 1985). Hoagland and Arnon (1938) developed a
formula for.a nutrient solution which contains all of these minerals.
E]ementa]‘proportions'were based approximate proportions of the elements
as they were found to be absorbed by the tomato p]ant‘(Arnon and |
-Hoagland 1940). Most nutrient solutions are more concentrated than soil
solutions. - '

The nutrient soTutionfor water culture method is a technique in
which plants are grown with roots submersed in nutrient solution. The
roots must be aerated to provide for:rqotlrespiration. The pH‘of the
nutrient solution must be monitored and adjusted‘aCCOfding]y. |
Periodically the solution must be reptaced. In the sand culture method
plants are grown in sand that is irrigated with nutrient solution. The.
sand cu]ture.method provides for more efficient natura] aeration of
roots than the water culture method. Minute quantifies‘of elements in
the‘sahd may alter elemental toncentratiqns in the‘nutfient solution and
thus pose a probTem to quantitative studies of micrOnutrientS'(Hewitt
1966, Salisbury and Ross 1985). | . .i':‘

Nutrient solution and:sand so]utidn‘methods are important in plant
nutrition research (Asher and Edwards 1983). An 1mpdrtant role fér
these studies is fhe determination of critical tisﬁde‘concentrations for

| diagnbsis of plant toxicities. Gupta et al. (1985) stated that:
"UniVeréa] criteria for determining any boron deficiency or
-toxicity can be obtained from sand culture studies. These boron
concentrations can be easily related to soil solution

concentrations and all roots are.exposed to the same level of
boron concentration."”
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MATERIALS AND METHODS

Fourwing saltbush, bastn wi]drye, thickspike wheatgrass, alfalfa,
yellow sweetclover (Melilotus officinalis), Indian rieegrass, western
wheatgrass and bTuebunch wheatgrass'(Pseudoroegnerfa spicata) were grown'
from seed for 96 days in a sand culture that was treated with six boron
concentrations (0.25, 1, 5, 10 20, and 40 ug B ‘mL* "y, Thickspike
wheatgrass was also seeded in soil to_Wh1ch boron was added by weight to
equal boron cohcentrations used in the sand cﬂTture study. Emergence,
plant height, aboveground biomass, and‘plaht‘bpron‘concentratioh'were

~measured and compared for each'species grown in sand and soil.

Sand culture

Thirty seeds of eight species (Table 1) were planted 1 cm deep in '
 pots that were 10 cm wtde and 40 cm deep. Each pot had.been filled with
sand which had been previously washed to remove fine material. A 2 cm
layer of per11te was placed on top of the sand in each pot after seeding
to minimize evaporation from the surfice of the sand Twenty~e1ght_days
after seeding plants were thinned if possibTe‘to ten‘aVerage-sized ‘ |
pltants which were eventy'spaced‘in each pot. For those sbecies with
poor seedTing emergence, it was not‘possibie to'have‘101p1antsftn each
pot. | | | | | |

Pots were watered with Hoag]and s nutr1ent solution d11uted 1:4
with tap water (Table 2) Bor1c acid - was added to the nutrient so]ut1on; :

to create six boron concentrations (trace, 1,5, 10,320 and 40 ug B
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mi"'). Trace boron concentfétion was equal to the boron concentration
normally present in tap water, meaning no boric acid was added for this

treatment. Each treatment was replicated four times for each species.

Table 1. Species u3ed'ih the sand culture stddy.
| Spientifié Name ' - Common Name -
Atriplex canescens : "i | fourwing saTtbush
Elymus cinereus - - 'baéin wildrye ’Magnaf’
Elymus Tanceolatus | fhickspike wheatgraSs
Medicago sativa | | alfaifa
Melilotus officinalis  ; ~ yellow sweet;16ver
Oryzopsis hymenoides | | indian ricegrass ’Neipar’
fPascopyrum smithii ; . " western wheatgrass
Pseudoroegneria spicata - ‘ blﬁebunph wheatgrass
- Table 2. Hoag]and;s nutrient solution*.
compound o '1,, moivcompound L? " ug compound L’
NH,H,PO, - 25 x10% 29
KNO; 1.5 x 107 . . 152
Ca(NO), 1.0 x 1073 : 164
Mgso, 5.0 x 107 60
MnC1, - 4H,0 2.3 x 10 S 0.46
ZnS0, - 7H,0 1.9 x 1077 - 0.06
CuSO, - 5H,0 8.0 x 107 | " 0.02
H,MoO, « H,0 1.3 x 1077 _ 0.02
FeEDTA** - ' 10

* Hoagland and Arnon 31938). ‘ :
** This compound was added after the dilution was made.
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Boron concentrations in:the nutrient solutions were measured 12
times throughout the study using the colorimetric curcumin analysis |
described by Bingham (1982). Thfee samples of each boron concentration
were aﬁa]yzed at each time. Boron concentrations meaSUrediin the

nutrient solutions varied STigﬁtly from calculated values (Table 3).

Table 3. Measured boron concentrations in the nutrient solutions.

Calculated Mean Standard Number of  Number of
concentrations concentrations error sample dates  samples
V(ug B mL™") (ug B-qu) - . ‘ per date

0 0.2 0.03 12 3

| 1.1 0.06 12 3

5 - 5.6 0.2 12 3

10 109 0.4 SV 3

20 | 21.2 0.8 12 3

50 | 416 1.4 12 3

For the first gight‘weeks pots'weke watered every 6 days, for the
‘remainder of the period pbts were watered\every 3‘to‘4‘days} Pots were
watered with a volume of nutrient so]utibn;eqda1”to 1.2 times the pore
vo1dme determined_for the éand in the‘pots. Pore volume was-defermined

using equations 1 and 2 (Brady 1974).

total pore volume = %‘pore space of sand x volume of pot (1)

bulk density of sand) (100) (2)

“density of solids

% pore space of sand = (1 -

where:

bulk density of the/sand = 1.55 g cm™

density of solids = 2.65 g em




26

~ Soil culture .

A greenhouse soil mixture consisting of equal parts of top soil,

sand and peatmoss was used for the root medium in the soil eulture. The
amount of boric acid necessary to adjust boron concentrations in the

| soil (by weight) similar to levels in the nutrient solutions was |
,Ca1cu1ated. The_appropriate‘amount of boric.acid was added to‘the soil.
" Each pot was Tined with plastic to avoid-boron‘1eachtng from the soil.
Thirty seeds of thickspike wheatgrass were planted 1 cm deep‘jnto pots
filled with the boron adjusted soil. Perlite was placed on top after
seeding to minimize evaporation from the soil surface. Pots in the soil
culture were watered at the same time as pots in the sand culture.

‘Soi1s were analyzed for hot water soluble and saturated paste
rextractab1e boron (Bingham 1982) after plants were harvested For the
hot water extract1on, plastic freezer bags were used in place of ref]ux
condensers (Jacobson, personal commun1cat1on) Twenty grams of air
dried soil were mixed with 40 mL of 0.01 M CaC]2 in a sealed plastic
. freezer bag. The bag was immersed in bo111ng water for 10 minutes and
then cooled. The contents were filtered and the extract was analyzed
for boron concentration with the colorimetric curcumin method. Results
of these analyses are summarized in Table 4f

Plants were grown and watered in a greenhouse'1ocated in the Plant
Growth Center at Montana State University. Full spectrum71amps were
used to extend the day1ight'period to 14 hours. Over the time of the
growing period, average temperature during the dayt1me period was 19°C,

it ranged from 10°C to 33°C. Average night temperature for this per1od

was 16°C ranging from 9°C to 23°C.
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Table 4. Extractable boron concentration of 36i1.
Calculated Saturated Standard Number Hot Wateﬁ Standard Number
boron paste  deviation of . extract deviation of
concentration extract samples '~ . .. - ‘samples
(ugBg') (ugBg) \ ~ (uwgBg7) -
0 0.6 0.3 4 1.2 0.2 4 |
1 0.4 . 0.0 4 1.5 0.4 4
5 0.9 0.2 4 3.8 1.0 4
10 2.4 0.1 4 6.0 0.0 4
20 5.9 0.2 4 7.0° 1.2 4
40 - 12.9 0.9 4 16.0 0.0 3
Measurements |

Seedlings in all pots were counted 20 days after seeding to
determine emergence, seedlings that emerged 1ater“were‘not included in
the emergence measurement. Height of the tallest plant in each pbt was
measured 28, .68 and 96 days after seeding. Boron injury‘symptoms were
observed and recorded at these times. At thé énd of'the study (day 96)
plants in each pot were counted and above—grodnd b1ohas$ was harvested.
Plant tissﬁes‘weke dried 24 hrs at'47°C. Dried material from each pot
was ground in a Wiley mill to pass a 20 mesh‘screen. Three subsamples
(0.500 g) of‘ground,p1ant‘materia1 fkdm‘each'pot‘were héatéd,for 12 hrs
at 540°C in silica or quartz crucibles. The ash was dissolved in 0.1 N
hydrochloric écid'and analyzed for boron content qung thevtoloriméfric'
curcumin procedure (American Rub]ic Health Association 1976, Bingham
1982). Average boron cbncentration‘of National Institute of Standards

and Technology reference material (#1570, non~certified‘vaTue) was 30 ug
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g”'. The boron concentration of these spinach Teaves determined in this

study was 29.2 ug g'' (N=9, Std=18.6).

Statistical Design

Eight plant speéies were treated with siX‘bqron-concentrationS in
a randomized cohp]ete block design ustng_fodf blocks., ~ Emergente, plant
height on days 28, 68, and 96, total dry wéight per pot and plant boron
concentration were the meaéured variabTeslfor each. apectes in each'bordh
concentration. Mean dry we1ght per plant was ca]cu]ated by d1v1d1ng the
tota] dry we1ght per pot by the number of p1ants in that pot. For each :
species and boron concentration, a relative mean dry\we1ght_was
determined by dividing the average mean dry weight ber b1ant (acrosglthe
four blocks) by the maximum mean dry weight per plant (of all the
treatments) for that species and multiplying the quotient by 100.

Residuals (Y-Y) and predicted values (V) for éach measured
variable across all the boron treatments were ca]cu]ated for each
species. A probability p]ot of residuals was used to determ1ne if the
data fit a normal curve. It was necessary to remove one outlier from
the Indian ricegrass data set in order to have 511 the data for a]T the
variables fit the normal distribution. For the bluebunch wheatgrass
data set,_for plant height‘on day 28 it was necessary to remove one data
point in order for the data to fit the normal distribution. Data from
two variables of the western wheatgrass did not fit the normal curve.
The non-normality was not due to a single outlier.. The variance of the
plant boron concentrat1ons was not equal across the treatments

For those data with a norma] distribution and equal variance, a

two-way analysis of variance (ANOVA) was used_tq,dgte;t effects of boron
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treatment and b1ock on’ emergence, plant height on all three days, and
mean dry weight per plant - (Snedecor and Cochran 1989) . Us1ng two -way

ANOVA the variation across the b]ocks (rep11cat1on) was ca]cu]ated and

‘subtracted from the total variation to determ1ne the var1at1on due to

the treatment. In this way, variation due to the treatment was not

‘maskedﬂby variation across the blocks. Friedmans’s nonparametric test

was used to detect treatment effect on p1ant'boron cbncentration data,

~and the non-normal western wheatgrass data (Soka1 and Roh]f 1981

Snedecor and Cochran 1989) | ) )
- The least significant dtfferences (LSD) test with‘p<0.05lwas used

~ to determine differences between treatment means of those’Variables

which had a significant treatment effect as determ1ned by ANOVA and

Fre1dman s test. Each variable was dlso analyzed across all species to

determine species effect and species by treatment interaction Linear

regress1on was used to determ1ne the re1at1onsh1p between relative mean

dry we1ght and boron concentrat1on in the nutr1ent so1ut1on for each

‘spec1es

" Data were analyzed with Montana'State‘Univer§tty Statistical
Computer program (MSUSTAT, Lund 1988) and SAS software (SAS Institute
1988). |
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RESULTS .

Sand culture

Atriplex canescens

Data from fqﬁrwing‘saltbush measurements are presénted‘in Tab1e 17
(Appendix B). Toxicity symptoms were‘observed'on seedlings in two pots
receiving 40 ug B mL™ when emergence was measUred;(Tab]e 26, Appendix
C). At the end of the study yellow or burned leaf edges were present on
some of the plants in all pf the treatmentsﬂ‘-P]Sntﬁlirrigated with
solution containing.40 ug B mL™! exhibited the greatest amount of 1eaf_
burn, they also appéared‘ye11ow. None of the plants Flowered. No
differences were observed in p1aht~roats ambng the different boron
concentrations. o |
. There was no significant effect of boron tréatmént-on emergence of
fourwing saltbush .(Table 5). There was a significant treatment effect’
on plant height. Except for early in the sfﬁdy;-b1éht height in pots
receiving 40 ug B mL™' was reduced compared wjfh'plantiheight in pots
receiving lower boron concentrations. At theséoﬁéTu51on of the study,
- plant height was greatest for'p]ants<irrigatedZWith'solution‘cdntainﬁng
'_10 ug B mL*. Thgre was nb significant treatment effect on mean dry
weight per pTant}. Plant boron concentrations téndéd to increase with
boron treatment. | | | a |

The relative mean dry weight per plant of fodfwing sa]tbush grown
in each boron concentration was plotted agains£_boron concentration in
_the nutrfent solution (Figure 1). A1though‘there'Was no significant
treatment effect on yield of‘foufwing sa]tbqshf Tinear regression
indicates a negative respoﬁse in the re]atiye:méhﬁ d;y‘ﬁeight of this

species to boron concentration of the nutrient qugpion. Fifty percent




Table 5. Tfeatment means of Atfiplex canescens grown in sand culture.

Boron

Plant height

Mean dry

Relative

Plant boron

N Percent .
sofH%ion emergence (mm? pgfuﬂzkt mﬁg?gﬂzy concentration
(ug BmL)  day 28  day68  day 9 (g) (%) (ug B g™
0 4 12.5 43 c* 208 b~ 351 cb 2.06 100 15.0 a
1 4 13:2 34 be 188 b 304 b 1.24 60 . 56.0 a
5 4 12.8 30 ab 220 b 373 cb 1.21 59 1183.3 b
10 .4 19.0 36 bc 225 b 393 ¢ 1.30 63 260.0 b
20 4 25.0 44c  223b  375ch 1.18 57 366.7 ¢
40 4 11.8 19 a 116 a2 202 a 0.27 13 695.5 d
P(trt) | 0.181 10.004 0.023 0.002 0.168 ; ©0.0001
P(b1k)'>' 0.070  0.209 0.734‘ | 0.454  0.549 - 1.o

* Means w1th1n each column followed by the same letter are not stat1st1ca11y d1fferent at the 5% level as
determ1ned by the LSD test of s1gn1f1cance ;

Ie
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Atriplex canescens
y = 78.85 - 1.50 (%)

0.74

10 20 30 40

— :
ug B mL solution

Linear regression of relative mean dry weight of fourwing
saltbush to boron concentration in nutrient solution.
Dotted lines indicate 95% confidence interval.
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of maximum growth was estimated to occur when boren concentration in the
- -nutrient solution was 19.2 ug mL™'.  Smith (1984) found no clear.
response in the growth of fourwing sa1tbush to boron .in retorted coal
shale. He suggested that the response of fourw1ng sa]tbush to boron
concentration’ may have been positive.

Severson and Gough (1983) found 140 to 420 ug B‘g*1 in fourwing
saltbush grow1ng in rec]a1med minesoil that conta1ned HWS boron ranging
from 2.5 to 9.5 ug g”'. Boron concentrations in the fourwing saltbush
at that site are sTight]y higher‘than boron concentrations of plants
grown in this sand culture study. They also reported boron
concentrations ranging from 26 to‘38 ug B g4‘of fourwing saltbush from
.‘minesoi]s with Tower HWS‘bqun‘concehtrettons (0.5 to I;O‘ung g").
These plant boron concentrations are similar to those determined here.

| Smith (1984) grew foufwing saltbush 1nvretorted‘oi1'sha1e to which -
boron had been added. 1In that study, plants grown in shale containing
7.2 ug B mL™" (NH;Ac‘extractab]e) contained 76 ug B g''. Plant boron
concentrations from Smith’s study appear to be 1ower than those
determined in this sand culture. ' 7' '

A re]ated‘species, desert saltbush is tolerant of high boron
concentrations (Chatterton et .al. 1969). Desert saltbush grown in
nutrient solution containing 80 ug B mL™' conta1ned 552 ug B g They
suggested that the Tow 1eve1 of boron in the plants may be due to a slow
rate of boron uptake. They proposed that desert saltbush’ prevents
excessive salt accumulation in living tissue by pushing up or breaking
off of older trichomes that continué]]y deve]Op from the epidermis of
desert saltbush. The trichomes may be sinks for the deposttion of
excessive salts and contribute to the tolerance of this speeies to

boron.
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Elymus cinereus

Data from basin wildrye measurements are summarized in Table 18
(Appendix B). Toxicity symptoms were evident on‘seed1ings irrigated
with so]utidn containing 40 ug B mL™! when emergence was measured (Table
27, Appendix C). After 28 days, symptoms were observed on plants
irrigated with more than 1 ug B mL4.i By day 68, symptoms were evident
on plants irrigated with solutions coﬁtaining'gredter than trace
concentrations of boron. At the end of the study, only plants irrigated
with trace boron solution had leaves without tip burn. Root growth
- appeared to be reduced for plants irrigated with solution containing 40
ug BmL™'. Tillers Wefe pre§ent on plants irrigated with é]T boron
so]utions P1ants 1rr1gated with solutions conta1n1ng 5, 10 and 20 ug B
mL1, were dark green, wh11e those 1rr1gated with solutions conta1n1ng
trace, 1 and 40‘qg B mL1.were Tight green.

There was no significant treatment effect on emergence of basin
wildrye nor on plant height early in the study (Table 6). On day 68, |
plants irrigated with so]ut1on conta1n1ng 40 ug B mL™" were shorter than
plants irrigated with solutions conta1n1ng 1ess than 20 ug B mL™". At
the end of the study there was no significant effect of boron on plant
height. Mean dry weight per plant was greater for plants irrigated with
solution containing 5 ug B-mL'1 than for plants irrigated with solutions
containing 10, 20, and 40 ug B mL™". Plant boron concentrations
increased in p]ants irrigated with solutions containing greater than 1
ug B mL™".

While maximum above-ground growth of basin wildrye occurred in
plants receiving 5 ug B hL*, boron toxicity symptpms appeared oﬁ‘plants
in pots receiving greater than trace amounts of boron. In this study,

maximum above-ground yield of basin wildrye corresponded with boron




Table 6. Treatment means of Elymus cinereus grown in sand culture.

Boron - N Percent - Plant height Mean dry Relative Plant bofon

sofH%ion emergence (mm) ' pgfiﬁikt msg?gﬂry concentrat1on
(ug B nL™") o day 28 day 68 day %6 (9) (%) (ug B g™
0 4 31.0 154 670 b*  .729  0.99 cb 79 16.8a
1 4 408 177 700D 752 1.06 cb 85 11000 a
5 4 21.8 157 658 b 796 1.25 ¢ 100 793.3 b
10 4 31.8 - 154 688 b 769 0.84 b 67 1817 ¢
20 4 31.5 156 607 ab 656 0.74 b . 59 2133 d
40 4  28.2 101 503 a . 662 10.30 a 24 2733 e
P(trt) - 0.160  0.069  0.013  0.134  0.002 - o.0001
CP(bIK) 0.126 0.017 0.722 10380 0.566 - 1.0

* Means w1th1n each co]umn fo]]owed by the same 1etter are not statistically dlfferent at the 5% 1eve1 as
determ1ned by the LSD test of s1gn1f1cance < :

113
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concentrations of 793.3 ug ¢! in the plant tissue (dry weight).

"The relative mean dry weight of plants decreased as boron
concentration in the nutrient so]ution‘inCréased (Figure 2). Using the
Tinear regression equation fifty percent‘feduction in mean dry weight
corresponded to 25.9 ug B mL™' in the nutrient solution.

Roundy (1985) reported‘that germination'of Magnar basin wildrye
was not affected by boron levels less than 5507ugimL'i.' He found that
éeedlings of this grass grown in sandy‘10am soil 1rrigated7w1th 60 ug B
‘ qu had pronounced tip burn. He also found that root growth of basin
wildrye after 45 days was more sensitive. to boron treatment than shoot

- growth. -

Elymus lanceolatus :

Data from thickspike wheatgrass measurenments are presented in
Table 19 (Appendix B). By mistake thickspike wheatgrass seeds were not
seeded into three pots. Toxicity-symptoms‘wefe observed as yellow leaf
tips on seed]ings in pots receiving 40 ug“B‘mL'1 when emergence was
determined (Table 28, Appendix C). On daycééi‘yé1wa‘Téaf‘tibs were
observed on plants irrigated with solutions.c0ntaining‘gréater than 1 ug
- B mL™". Symptoms developed‘és Téafiburh on day 68 and netrotic<areas at
the end of the study. Some pTants-irrigated with solutions containing
1, 5 and 10 ug B mL™’ Qere dark b]ue-gréén,‘p]ahts were light green and
yellow green, respectively for plants irrigated with solution containing
trace and 40 ug B mL™'. Root growth was decreased and fewer rhizomes
were observed on plants irrigated with solutibn céntaining 40 ug B mL".

There was no significant treatment effect on emergence of
thickspike wheatgrass (Tab]é 7). On days 28 and 68, heighf of plants

irrigated with 40 ug B mL™" was reduced compared with plants irrigated
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Elyraus cinereus
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Figure 2. Linear regression of relative mean dry weight of basin

wildrye to boron concentration in nutrient solution.
Dotted lines indicate 95% confidence interval.



Table 7.

Treatment means of Elymus lanceolatus grown in sand culture.

Boron 'N Percent

Plant height

Mean dry

Plant boron

Relative
_sofU%ion emergence - (mm) | p;faﬁz&t mﬁg?gﬂEy cqncentration
(ug B mL™") day 28 day 68 .  day 96 (9) (%) (ug B g")
o 3 767  191b*  56b 615 - 1.3c 100 2.4 a
1 4 72.5 165 b 486 b 561 1.04 ¢ 92 185.0 a
5 4 75.0 166 b 484 b 565 0.86 cb 76 1138 b
10 4 76,0  175b 500 b 553 0.63 b 56 1767 ¢
20 2 735 - 166b - 430 b 568 0.58b 51 2600  d
0 4 69.0 120 a 276 a 438 0.19 a 17 3200 e
P(trt) 0.932  0.005 0.003  0.085 0.0005 . 0.0001
| P(O1K) 0.001 0.489 0 . 0.0001

0.851

~0.305

.690

" * Means within each column followed by the same 1etter are not stat1st1ca11y d1fferent at the 5% 1eve1 as

determined by the LSD test of s1gn1f1cance

8¢
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with sd]ufions containing lower boron concentrations. At the end of the
study there was no significant treatment effect on_p1ant‘hejght. Mean
dry weight per plant was reduced for plants irrigated with solutions
containing 10, 20 and 40 ug B mL1 compared with plants irrigated with
solutions containing trace and 1 ug B mL™'.  Plant boron concentrat1ons
increased in plants irrigated with sOlutions‘containing greater than 1
ug B mL™', A s1gn1f1cant reduction of above ground y1e1d corresponded
with 1767 ug B g in plant t1ssues

The re]at1ve growth of th1cksp1ke wheatgrass decreased with
increased boron concentration in the nutrient so]utTOn (F1gure 3).
Using the linear regréession equatﬁon, tne estimated boron concentration
" in the nutrient solution that corresponded with a fifty percent -
reduction in above—ground‘growth was 21.7 ud B mL™'. Hanson et al.
(1990) found that 10 and 20 percent reduction in shoot‘growth of
thickspike wheatgrass corresponded to 11.6 and 20.5 ug B g (HWS),’

respect1ve1y

Medfcago satfva ‘

Data from alfalfa measurements are presented in Table 20 (Appendix
B). Yellow cotyledons were observed when emergence waS‘measured‘in two
pots receiving 20 ug B mL™! and in all pots rece1v1ng 40 ug B mL’ (Table
29, Append1x C). On day 28, yellow leaves were ev1dent on p]ants in one
pot receiving 10 ug B mL1 and all p]ants 1rr1gated with solutions
| containing higher boron concentrat]ons. On day 68 leaf edges appeared
white on all pTants irrigated with solut1ons conta1n1ng greater than 1
ug B mL™'. Plants flowered in all treatments. Whilé all p1ants ]ost
some 1eaves, more leaves were lost from plants 1rr1gated with solutions

containing higher boron concentrat1ons. At the end of the study, all
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Elymus lanceolatus
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Figure 3. Linear regression of relative mean dry weight of

thickspike wheatgrass to boron concentration in nutrient
solution. Dotted lines indicate 95% confidence interval.
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plants except those‘ifrigqted with solution containing trace boron
concentration exhibifed Teaf burn that was greater with increased boron
concentration in the nutrient solution. o

.-There was no significant treatment‘effect-on emergence‘of ana]fa
(Tab]é‘8). Early in the sfudy, plants irrigated with solution
containing 1 ug B mL™" were significantly taller than plants irrigated
with the other solutions. On day 68, p]ants'irrigétéd'with solution
containing 40 ug B mL™' were shorter than plants irrigated with the |
other solutions. At the-end of the study, thére was no‘significant
treatment effect on pTént height of alfalfa. ‘Mean.dry weight per plant. .
was significantly greater in pots reéeiving 1 ug B mL™" than in pots
receiving other boron treatments. This may indicate a positive fesponse
of alfalfa to a small addition of boron. Plant boron concentrations
increased with boron treatment Tevel up to 10 ug B mL™'.  The lack of
differences among plants jrrigated with solutions containing 10, 20 and
40 ug B‘qu may be due fb‘theramount'of boron that was lost as Teaves
dropped off plants. Maximum above-ground yield of alfalfa corresponded
to 183.3 ug B ¢! (dry weight) in the plant ffsgﬁe;' o ‘

"Although there was an initial positive effect of boron on the
relative growth of alfalfa, overall, the relative growth decreased as
the boron:conéentration in the‘nutrient‘so1ut10n increased (Figure 4):‘
Using the equation dériVéd from thé linear regréssion, the reTétive ‘
growth of alfalfa is reduced by fifty percent when the boron |
concentration in the nutrient solution is 29.7 ug B mL™".

In Eaton’s (1944) sand culture study, alfalfa yield was greatest
in those plants watered‘with nUtrient solution containing 10 ug B mL™t

while plants growh 1n‘sahd‘rece1ving 15 ug B mL™" exhibited boron injury




Table 8. Treatment means of Medicago sativa grown in sand culture.

Boron N 'Pefcent ‘ Plant height Mean dry Relative P]antrborbn

7 in ' emergence o (mm) weight  mean dry concentration
solution . - ~per plant  weight
(ug B mL™") | ' day 28 day 68 day 96  (g) (%) (ug B g™
0 4 81.5 66 b* © 407 ab 489  0.76 bc. 71 .  14.1a
1 4 78.5 9l¢ 488 b 467 1.07d . 100 183.3 a
5 4 742 T1b 448 b 520 0.82¢c 77 479.2 b
10 4 822 74b - 430b 532 0.80 ¢ 75 . 987.5 ¢
20 4 83.5  77b 434 b 50 0.5 ab 52 1083
0 4 8.2 492 315 40 042a - 30 . 1175 ¢
P(trt) 00233 0.0000 0080 0.650  0.0005 - 0.0001
p(bTK) © 0718 0.0001°  0.599 0.587  0.2335 - .19

% Means within each column followed by the same letter are not statiStica]]y different‘at‘the 5% level as
* determined by the LSD test of significance;;r : ' . '

=
~N
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Mean

Figure 4.

Medicago saliva

84.75 1.17 (x)
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_|. -
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Linear regression of relative mean dry weight of alfalfa
to boron concentration in nutrient solution. Dotted lines
indicate 95% confidence interval.
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symptoms, fiffy percent of the plants grown in sand receiving 25 ug B -
mL™" died by the end of his study. ‘

Boron concentration of a]fa]fa ranged from 31 to 91 ug g™ for
plants grown in rec]aimed minesoils with HWS boron ranging from 0.5 to
3.5 ug B g™’ (Severson‘and Gough 1983). Gestring and‘So1tanp6ur (1987)
reported that é]falfa yield decreased when b]ant boron concentrations
exceeded 850 to 975 ug.B g”'. Their plant boron concentrations were
much higher than those éorresponding to reduced alfalfa yield in this
study. Boron uptake by alfalfa grown in coarse-textured soil was
greater than boron uptake by alfalfa grown in fine-textured soil (Wear
and Patterson 1962). Keren et al. (1985) proposed that differences in
boron uptake by plants in soils with different textures‘may‘be

attributed to chemical activity of boron in the soil solution.

Melilotus officinalis

YeT1ow‘sweetcloyer measurements are summarized fn Table 21
.(Appendix B). Boron toxicity symptoms appeared as yellow cotyledons on
seedlings 1rrigéted wifh solution containing 40 ug B mL™! when emergence
was measured (Table 30, Appendix C). By day 28 yellow leaf tips were
observed on plants irrigated with solutions containing 20 and 40 ug B
mL™'.  On day 68, Teaf burﬁ had developed on p]anfs in one pot receiving
5ug B mL™! and on all plants irrigated with solutions containing higher
boron concentrations. At the end of the study, only plants irrigated
with solutions containing trace and 1 ug B mL™? did‘not-havé”1eaf burn.
A11 plants lost leaves, and more were Tost from plants irrigated with
solutions containing higher boron concentrations. |

There was no sijnfficant treatment effect on emergence of yellow

sweetclover (Table 9). Early in the study plant height was




Table 9.

Treatmentimeans of Melilotus officinalis grown in sand culture.

Boron N Percent

- Plant height

Mean dry Relative

_ Plant boron
solukion 3 -emergencer (mm) b;fiﬁﬁﬁn m&g?gﬂgy concentrat1on
(ug B mL™") 1 day 28 © . day 68 ” day 96 (9) (%) (ug Bigq)

0. g '89.2 56 b* 250 286 0.70 bc 80 10.8 a

1 4 88.5 70 ¢ 283 355 0.87°c 100 1186.7 b
5 4 90.2 58 b 301 382  0.74c - 85 686.7 c
10 4 85.0 48 ab 272 317 0.5lab 59 883.3d
20 4 9.0 s2b 256 346 049ab 56 966.7 d
40 4 8.2 40ad 218 303 0.35a 40 1250 e
P(trt) - 0.717 0.0007 . 0.212 0.436  0.002 - 0.0001
P(bTK) 0139 ' o 0021 1 0.132 0. 481 0.397 - 1. 0 "

~* Means within each co]umn foliowed by‘the same 1etter are not stat1st1ca11y d1fferent at the SA 1eve1 as

, determ1ned by the LSD test of s1gn1f1cance
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significantly greater in bots receiving 1 ug B mt™', this may indicate
that boron deficiency occurred 1n‘p1qnts irrigated With trace boron
solution. Later in the study, there were no differences in plant height
. among boron treatments but mean dry weight per plant was reduced in pots
receiving more than 5 ug B mL™". P1anf boron concentrations increased
with boron treatment. The above-ground yield of yellow sweetclover was
not significantly reduced in plants containing 686 ug B g™ iﬁ the plant
tissue. Mean dry weight per plant was not different for plants
receiving trace, 5‘or 10 ug B mL”, this also may indicate that‘p1ants_
recéiving trace amounts of boron may have been boron deficient.

There may be an initial ﬁtimulatory affect of boron on the above-
ground growth of yellow sweetclover. However, overall, the.effect of
boron on‘the relative growth of yellow sweetclover is negative (Figure
5). Using the Tlinear regression equation, the estimated boron
concentration at which the growth of yellow sweetclover is reduced by

fifty percent is 29.4 ug B mL™! in the nutrient so]ution.

OryzopsiS”hymenofdes

Data from measurements of Indian ricegrass are summarized in Table
22 (Appendix B). In block 2, there was no’ emergence in the pot
receiVing 10 ug B mL™ at the time that this characteristic was
determined. However, one seedling emerged aftef that date and it was
measured from that time onward. Data ffom\this pot were deleted from
statistical analyses because they were outliers which caused skewness in
the data for most of the measurements‘of this species.

Boron toxicity symptoms éppeared as yellow leaf tips on seedlings
in one pot receiving 40 ug B mL™' when emergence was measured (Table 31,

Appendix C). By day 28, symptoms appeared as tip burn on all plants
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Linear regression of relative mean dry weight of yellow
sweetclover to boron concentration in nutrient solution.
Dotted lines indicate 95% confidence interval.
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~irrigated with so]utionSfContaining:more than 1 ug BmL'. On‘day 68 -
plants irrigated with'stﬁtion containing 20 énd 40 ug B mL™" also
appeared yellow. At the end of the study only plants irrigated with
solution containing trace boron concentration wére~without_tip burn.
Plants irrigated with solutions containing trace and 1 ug B qu
flowered. Root‘growth‘was apparently reduced in pots receiving higher
boron treatments.

There was no significant treatment effect‘on emergence of Indian
ricegrass (Table 10). Height of plants irrigated with solution
containing 20 and 40 ug B mL™' was reduced each time that it was
measured. Mean dry weight per p1ant was decreased in pots receiving
more than 5 ugB-mL'1 compared‘with”bots receiving trace 1 or 5 ug B
mL™'.  Plant boron concentration increased with boron treatment, above-
ground yield was not reduced by‘conéentrations_of 763.7 ug B g4‘1n the
plant tissue. | | | |

- The relative growth of Indian‘fiéegrass decreased as the-béron-
concentration in the‘nﬁtrient'so]utioﬁ increased (Figure‘G). ‘Uéing the‘
linear regressioh equation for this relationship, fifty percent
reduction in grOwth'was‘estimated to 6ccur at 17.5 ug BmL™" in the

nutrient solution.

Pascopyrum smithii ‘ _

Data from measurements of western wheatgraés are presented in
Table 23 (Appendix B). Toxicity symptoms were observed as yellow 1eaf
tips of seedlings in two pots receiving 40 ug B mL™" when emergence was
measured (Table 32, Appendix C). On day 28, symptoms were observed on

plants in one pot receiving 5 ug B mL”,'and all plants in pots




Table 10. Treatment means of OryzopSis

hymenoides grown in sand culture.

- Boron N Percent

Plant height -Mean'dry " Relative Plant boron
| sbiU%ioﬁ emergence (mm) | wgignﬁﬂPer msg?gﬁgy concentratiOﬁ
(ug B L") | day 28 day 68  day9% (@) (%)  (wBgT)
0 4 2.8 . 140c 592c  75lcd  1.42d . 100 11.3a
1 4 360 156 ¢ 621 c 838 de ;j1.19~d, - 84 131.4 ab
5 4 - 235 150 ¢ 613 ¢ 794 cde ~  1.26 d 89 763.7 be
10 3 17.7 167 ¢ 646 ¢ 847 cde 0.84 ¢ 59 833 be
20 4 18.2 108 b 438 b 569 b  0.32 b 23 1150 be
40 4 16.8 . 67 a 72 a 792 0.00a 0 4304 d.
CoP(trt)  0.145  0.0001  0.0001  0.0001  0.0001 ; 0.0001
P(bTk) | 0.347 l «0,0041 : 0.1294 ' ,-0.7889‘ "0.8844» - | 0.1907

. * Means within each column fo]]owed by the same letter are not stat1st1ca11y d1fferent at the 5% level as'
, -determ1ned by the LSD test of- s1gn1f1cance

\

61
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Figure 6. Linear regression of relative mean dry weight of Indian

ricegrass to boron concentration in nutrient solution.
Dotted lines indicate 95% confidence interval.
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receiving higher boron concentrations. By day 68 tip burn had developed
on.pTants irrigated with solutions containing greater than-1 ug B mL™".
At tne end of the study, tip burn was evident on plants 15:511
treatments. Plants were generally dark green except those irrigated'
with 40 ug B mL™'. These plants were 1ight green. 'Reduced'rebt growth
and smaller rhizomes weresobeerved for plants irrigated with solutions
“containing 20 and 40 ug B mL™". o B

There was no significant treatment effect on emergence of western
wheatgrass (Tab1e 11). Ptant height was reduced in pdts‘receiving‘40 ug
BmL"' at the'beginning and end of thetstudy;"Mean dry weight per plant
was reduced in nots receiving 10 or-more ug B qu‘compared‘wtth p1ant§'
in pots receiving trace and 1 ug B quisolutions. PTant boron
concentrations 1ncfeased in plants irrigated with more than 1 ug B‘mL4.
Abbve-grOund yield of western wheatgrass nas not reduced by .boron
concentrations of 700 ug g™? in the plant tissue;

_ The relative growth of western wheatgrass decreased as the bqron‘
concentration of the nutrient solution increased (Figure 7). Based on
the linear regress1on expression, fifty percent reduction in re1at1ve
growth is est1mated to occur with boron concentration of 23. 5 ug B mL™
in the nutr1ent so]ut1on - :

In retorted o0il. shale with adjusted boron concentrat1ons, y1e1d of
western wheatgrass decreased with increased bOron‘concentrat1on. Ten
percent reduction in yield corresponded to 8.5‘ug B g (NH,Ac |

“extractab1e). Plant boron concentration of westekn wheatgrass .grown in

that shale was 569 ug B g™' (Smith 1984).




Table 11.

Treatment means of Pascopyrum smithii grown in sand culture.

N

Percent

Mean dry

Plant bokon

Boron Plant height Relative
so1n%ion emergence (mm) péfi%Z&t msg?gﬂgy concentration
(ug B mL™") day 28 | day 68 day 96_ (9) (%) (ug B g")
0 4 57.5 166 b* 544 cb 623 b 0.92 ¢ 94 73a
1 4 '64.8 174 b 562 C 620 b 0.98 ¢ 100 65.8 a
5 4 51.5 152 b 520 cb 620 b 0.79 cb 81 700 b
10 4 51.0 158 b 458 b 595 b . 0.64 b 65 1150 ¢
20 4 51.8 163 b 480 cb 636 b 0.61 b 62 1767 d
40 K 56.5  9la 682 4022  0.14a 14 3400 e
P(trt) | 0.541  0.006 0.014 0.0006 0.0001 - 0.00000
P(blk) 0.295 - ,o.‘571 0.445 0.4183, 1.0 - -

3 Means w1th1n each column fo]]owed by the same 1etter are not stat1st1ca11y d1fferent at the 5% 1eve1 as

~ determined by the LSD test.of s1gn1f1cance
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Linear regression of relative mean dry weight of western
wheatgrass to boron concentration in nutrient solution.
Dotted lines indicate 95% confidence interval.
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Pseudoroegneria spicata

. Data from measurements of‘bluebunch wheatgrass are summarized in
Table 24 (Appendix B). No bluebunch wheatgrass seedlings established in
“ four pots. In the pot receiving trace boron in b1eck 2, one seedling
established after the date on which establishment was determined.
Although the plant was not counted as part of establishment, it was
measured. Except.fer the height measurement on day 28, data from this
plant was included for statistical anaTyses. For statistical analyses
of height on day 28, this data point was deleted because it was an
outTlier which skewed tHe data set.

Seedlings in all three pots irrigated with solution containing 40
ug B mL™" had yellow Teaf tips when emergence was determined (Table 33,
Appendix C)f On day 28, plants irrigated with~soTutions containing more
than 1 ug B mL™" had ye]]oh Teaf tips. On day 68, this became tip burne'
At the end of the study, only plants receiving trace boron concentration
were without fip burn. ‘Plants 1rrigated‘witﬁ solutions containing
trace, 1 and 5 ug B mL™" were dark green. P1ants‘irrigated with
solutions containing higher boron levels werewiight green; Tillers of
plants irrigated with solution containing 40 ug'B.mL4'appeared'to‘be
smaller than tillers of plants 1rrigated'w1th solutions cqntaining Tower
boron concentrations. ) ,

Boron treatment did eot significantly affect emergence of
bluebunch wheatgrass (Table 12); On day 28, plant height was reduced in
pots receiVing 40 ug B mL'. On day 68 plant height‘was reduced in pots
receiving 40 ug B mL™' compared with plant height in pots‘receivﬁng'l,

5, and 10 ug B mL™'.  Mean dry weight per plant was greater in pots
receiving trace, 1 and 5 ug B mL™! than in pots receiving 20 and 40 ug B

mL™'. Plant boron concentrations increased in p]ants.irrigated with




Table 12. Treatment means of Pseudoroegneria spfcata grown in sand culture.

Boron N Percent - Plant height Mean dry

Relative

Plant boron -

sofU%ion emergence . (mm) .[Mx?1%2&t m&g?gﬁgy con;entration
(ug B mL™")  day28  day68  day 96 (9) (%) (ug B g™)
o 4 10.0 162" de* 399 b 492  1.35¢ 100 9.8 a
1 3 18.7 154 bde 417b 532 . 1.27 ¢ 94 174.7 a-
5 4 14.5 152 bde 386 b 460  1.20 ¢ 89 890.9 b
10 4 11.8 124 be 364 b . 524 1.02 be 76 1317 ¢
20 2 11.5 . 131 bed 332 ab 464 0.46 ab 34 2266 d
50 3 13.3 89 a 253 a . 340 0.13 a 10 3689 e
P(trt)  © 0.578  0.0007  0.040 0.130. 0.0l - 0.0001
2 P(b1k) 0.413 0.0011 10.109 . 0.34 ~ 0.622 - . 0.0371

K

' The mean for this treatment is based on three-rep1ication53.theﬁfourth was considered an outlier and was_ ~f

- deleted for statistical analyses. :

% Means within each column followed by the same letter are not statistically different at the 5% level as

determined by the LSD test of significance.
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solutions contaiﬁing greater than 1 ug'B mL, Above~§round yield of
b1uebunch‘wheatgrass was not significantly reduced by pTant boron
concentration of 1317 ug B gq. |
~ As boron concentration in the nutrient soTution 1ncreaséd the
re]atiVe_growfh of‘b1uébun¢h wheatgrass decreaséd'(Figure 8). Fifty
percent reductioﬁ of Qrowth is~estimatedyto occur at 21.1 ug B mL™" in

the nutrient sp]ution.'

Soil culture

Elymus lanceolatus
Data summarized from measurements of the soil gfown thickspike
wheatgrass aré‘presented in Table 25 (Appehdix A)Q Plants in: all
treatments appeared simiTar at emergenée (Table 34). When the plants
.were measured on‘day 68, a small a@ount‘of‘fip burn Was'apparenf on"
plants in two pots containing soil adjusted‘to‘ZO'ug'B g’ and in three
pots with soil adjusted to 40 ug B g'. Plants in all treatments had
leaves with tip burn and blotches at the end of the Study._
_ There was no significant treatment effect oﬁ'émergence of
thickspike wheatgrass (Table 13). There are signfficant differences
among plant height'treathent means throughout the:study, but there are
no apparent trends to those differences. There was no significant
treatmeﬁt‘effect on mean dry weight per plant. Bdrqnncohcentrations
increased in plants from pots containing soil with‘greaﬁer than 5 ug g’T‘
added boron. _ | - |
Mean dry weight per plant of thickspike whéatgrass grown in soil
was much less than mean dry weight of this species grown in the sand 
culture. This may reflect differences in nutrient supply, since no

nutrients were added to the soil. Boron concehtrations‘of plants grown
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Pseudoroegneria spicata
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Figure 8. Linear regression of relative mean dry weight of bluebunch

wheatgrass to boron concentration in nutrient solution.
Dotted lines indicate 95% confidence interval.



Table 13. Treatment means of E7qu§ lanceolatus grown in soil.

Boron Measured N Percent Plant height - Mean dry Relative Plant boron

added ————. emergence (mm) weight per mean dry concentration
: SPE HWS , | - p1ant - Wweight

| (ug B g ) ”7 , o JQay 28  day 68 »déy 9% 7 @) (ugBg')

0+ 06 1.2 4 540  16a 287a - 409a - 0.18 69 9.9 a

1 . 0.4 1.5 4 58.0 . 115a 344 abc 480 b 0.2 8 8.7a

5 0.9 3.8 4  61.0- - 150c 383 bc 4%b - 026 100 _  21.0ab

10 zﬂ4 6.0 4 53.2.  118a 336 ab 406a- . 0.20 - 77 32.1b

20 5.9 7.0 4 44.2 145 bc 402 ¢ . 477 b 0.26 100 77.0 ¢
40 12.9 -16.0 4 67.5 128 ab 321 ab | 452 ab 020 77 156.7 d -
Ptrt) 0:159 - 0.0215  0.015 - 0.014  0.244 - - 0.0001.
P(ka)"_ - 0.878° 0.0004 0.004 0,003 - 0.015 - Lo

* Means within each co]umn followed by the same 1etter are not stat1st1ca11y d1fferent at the 5% level as
determined by the LSD test of s1gn1f1cance

89
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in boronttreated s0il are much lower than boron concentrations of plants
grownvin the sand cd]turem This may be due to.the lower boron
concentrat1ons in the soil so]ut1on It may also be an effect of ]ower
‘nutr1ent 1eve]s in the so11 cu]ture - With less nutrients in the soil,
‘p1ants wou]d grow more s]ow]y and take up less boron from the soil.

The re]at1ve growth of th1cksp1ke wheatgrass in soil has no 11near
re]at1onsh1p to e1ther the hot water: so]ub]e or the saturated paste

” extractab]e boron concentrat1on (F1gures 9 and 10).




60

110
Elymus lanceolatus
— soil grown
y = 85.51 - 0.14 (x)
S o] r 0.004
5
>
©
O o
2
©
L
c
@
=
30 -
10 -
0 5 10 15 20 25
-1 )
ug B g so| - hot water extract
Figure 9. Linear regression of relative mean dry weight of
thickspike wheatgrass to hot water soluble boron
concentration in the soil. Dotted lines indicate 9%

confidence interval.
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Elymus lanceolatus
— soil grown

y = 85.39 - 0.19 (x)

rz = 0.005
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—
ug B g so| - saturated paste extract

Linear regression of relative mean dry weight of
thickspike wheatgrass to saturated paste extractable boron
concentration in the soil. Dotted lines indicate 9%
confidence interval.
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Comparison of species

The significanf species effect for all the,meaﬁured variables
indicates that there were differences.among specieé'(Tab]e 14). The
lack of signifitaﬁt species by.tréatment jnteracfion for plant height on
day 28 indicates that plant height résponée to boron was similar for all
species early in the study. Later during the growing period plant
height response to bbron was not simi1af for all §pécies, "This may

reflect different inherent growth characteristics_of each species.

Table 14.  Summary of analysis of variance across all species.

Source ~ Emergence Height Mean dry weight
, , day 28 day 68 day 96 - per plant
Species » kxR Kk FokK *HE R
Block NS - *% NS NS
Treatment NS = ks *kk | kkk o *kk
Spp*Trt NS ok . .

Texx indicates F value with p<0}01, *% indicates F value with p<0.05,
NS indicates F value is not significant.

Except for Indian ricegrass, fourwing saltbush had the lowest
boron concentration in nutrient solution that corresbonded'to fifty
percent reduction in relative méan‘dry weight (as determined with the‘
linear regression equations, Table 15). Howéve¥3 fhe highést boron
concentration in nutrient solution .did not cause significant reduction
in yield of fourwing sg]tbush, The regbonse‘of alfalfa is the reverSe
of that expressed‘by.fourﬁing-saltbush. The‘boron concentration in the
nutrient solution that correéponded to fifty'perceht_feGUCtion in yield.
of alfalfa was the highest‘of all the species fn'the sand culture study,
whereas the boron concénfration‘in the nutrient solution which caused

significant reduction in yield was the 1dwest_of all the species. |
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Table 15.  Summary of>yfer'reduction for all speciesQ

Speties : Fifty Significant Maximum pliant
: percent ield boron
reduction* concentration
: with no yield
, -reduction
n u (ug Bm™) (ug Bg")
Atriplex canescens o 19.2 none . ~ 695.5
Elymus cinereus 25.9 10 : 793.3
Elymus lanceolatus 21.7 10 ' 1138
Medicago sativa - 29.7 5 . 183.3
Melilotus officinalis 29.5 10 R 686.7
Oryzopsis hymenoides 17.5 10 ‘ 763.7
Pascopyrum smithii 23.5 10 | 700
Pseudoroegneria spicata . 21.1 20 1317
*p<0.05.

stTﬁg the s1opes.6f the Tines of regreséion'of relative mean dry
weight to boron concentration in the nufrient'soTution'to compare.
‘species, a1fa]fa;(-1.17) and yellow sWeetciover (-1.24) were most
tolerant to boron. Fourwing éa]tbush‘(Ll.SQ) and basin wildrye (-1.53)
were less tolerant than the legumes. The wheatgrasses, thickspike |
(-1.86), western (-1.92) and bluebunch (-2.26) appeared to be'less
tolerant than the 1egumes,‘sa1tbu§h and wildrye. .In&ian ricegrass

(-2.39) was the Teast tolerant of the species in the sand culture study.
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. CONCLUSTONS

Fourwing sadtbush, basin wildrye, thickspike wheatgrass,‘alfalfa,
“yellow Sweetclover, Indian ricegrass, western~wheat§rass and bluebunch
wheatgrass were grown in sand and irrigated with six concentrations of
boron (0.25, 1, 5, 10, 20, and 40 ug B mL™") in diluted nutrient
solution. Thickspike wheatgrass was d1so grown in soil to which boron
had been added. P1ant§ were grown for‘96 days in a greenhouse.
Emergence, plant height, yield and boron,concentration in the plant
tissue were measured for eech species;. P]ants‘were‘prerved‘fOr'boron
toxicity symptoms. | ' |

For all species boron injury symptoms appeared earliest on plants.
that were treated with the highest boron concentration. Plants
irrigated with solutions containing lower borbn~concehtrations (5, 10
and 20 ug B qu).developedcsymptoms of boron toxicity 1eter during the'
study period. Boron injury symptoms were more -severe as boron tredtment
increased. In genera1 the boron injury symptoms did not correspond with
a significant reduction of above-ground yield. o

Boron treatment did not affect emeréence of any of the‘species.

. There was no effect of bdron treatment dn yield of fourwing
saltbush.. BTuebunch wheatgrass y1e1d was s1gn1f1cant1y reduced by boron
concentration of 20 ug B mL™".  Yields of basin W11drye, thickspike
wheatgrass, yellow swéetc]orer,‘Ind1an ricegrass and western wheatgrass
were reduced by irrigation with solution contatnihg 10 ug B mL?,
Alfalfa yie]d‘was reduced by irrigation with solutiod containing 5 ug B
mL™. The max1mum boron concentrat1ons of plants that did not cause

s1gn1f1cant yield reduct1on were generally higher than normal boron
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concentrations found in crbp plants. They were also generally higher
than boron concentrations considered to be toxic to crop plants.

The mean relative gfowth of all species in the sand culture
decreased as boron concentration in the nutrient solution increased.
This was indicated by the negative slope in the equation of the linear
regression for mean relative growth to‘bbron‘concentration in the
nutrient selution. ! COmparison of the rate of'décrease (sTope) by each
-species to boron concentrat1on in the nutr1ent so]ut1on indicates that
alfalfa and. ye]]ow sweetc]over were most tolerant to boron concentrat1on
in the nutrient so]ut1on Fourw1ng sa]tbush and basin W11drye were less
tolerant than the Tegumes and more to]erant than the wheatgrasses.

Indian ricegrass was least tolerant of the_spec1es. _

In the sand culture study, the response by the sbecies-was similar
to crop species in that some were very suscept1b1e to boron wh11e others
were more tolerant. Fourwing saltbush and bas1n wildrye warrant future
" research to determine their tolerance to boron treatment under field
conditions that would be encountéred in minedland reclamation.

There was no re1attonsh1p'between yietd:of‘thtckspike wheatgrass
grown in 3011 and boron concentration in thetsoi1 So1utton.‘ Yield of‘
thickspike wheatgrass was not reduced‘by‘lé ug B g! (HWS). The average
yield of thickspiké wheatgrass from the 3011‘§tpdy was three times less
~than the average yield‘of thickspike wheatgrass grown.in:the sand

culture study.
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APPENDIX A

Nomenclature of plant species cited_jn the text.
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Nomenclature of p]antrspeCiES'cited‘in the text*.

Table 16.
Common Name Scientific Name _
alfalfa Medicago sativa L.

alkali sacaton
alta fescue
american elm
apricot
artichoke
asparagus
barley

basin wildrye
bermudagrass
blackberry

bluebunch wheatgrass

.corn
cotton

creeping bent
desert saltgrass
desert saltbush
fourwing saltbush
grape _
Indian ricegrass

intermediate"
wheatgrass

Japanese lawngrass
Kentucky bluegrass
kidney bean '
lemon

lupine

milo

oats

perennial ryegrass
reed canarygrass
sagebrush

Sporobolus airoides (Torrey) Tdrrey
Festuca arundinacea Schreb.

Ulmus americana L.

Prunus ‘armeniaca L.

Cynara sco7ymu$‘L.

Asparagus officinalis L.

_Hordeum vulgare L.

Elymus cinereus Leymus
Cynodon.dactylon (L.) Pers

Rubus sp.

Pseudoroegner7a sp7cata (Pursh) Love
Zea mays L. ‘

,Gossyprum hirsutum L.

Agrostis palustris Huds.

Distichlis stricta (Torrey) Rydb.
Atriplex polycarpa (Torrey) S. Wats
Atriplex canescen& (Pursh) Nutt.
Vitis vinifera L.

Oryzopsis hymenoides (R. & S.) R1cker

Thinopyrum 1ntermed7um (Podp ) Barkworth &
Dewey

Zoysia japonica Steud

Poa pratensis L.

Phaseolus vulgaris L.

Citrus 1limon (L.) Burm.
Lupinus hartwegii Lindl. Ann.
Sorghum vulgare Pers

Avena sativa L.
Lol;um‘perenne L.

Phalaris arundinacea L.
Artemisia tridentata Nutt.
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Table 16. -Continued.

Common Name - " Scientific Name

saltcedar Tamarix chinensis Lour.

seaside bent ‘ Agroétis palustris Huds. var seaside
Sherman’s big . Poa ampla Merr.

bluegrass : . '

slender wheatgrass Elymus trachycaulus (Link) Gould
strawberry . Fragaria sp.
- sugar beets - | ‘Beta vulgaris L.

sunflower Helianthus annuus L;

sweetclover Melilotus indica (L.) All. _ _
tall wheatgras Thinopyrum ponticum (Podp.) Barkworth & Dewey
thickspike wheatgrass FElymus lanceolatus (Scribner & Smith) Gould
tomato 4 . Lycopersicon esculentumL.

Utah sweetvetch ‘Hedysarum boreale Nutt. ]

weeping alkaTligrass Puccinellia distans (L.) Parl.

western wheatgrass Pascopyrum smithii (Rydberg) Love

winterfat Ceratoides lanata (Pursh) Howell *

yellow sweettlover, Meli70tus‘officina7fs (L.) Pa]]:r

* Nomenclature follows Rumley and Lavin (1991) for grasses, Hitchcock and
Cronquist (1976) -for native forbs and shrubs and Bailey and Bailey (1976) -
for crop species. | ' . -
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APPENDIX B

Measurements
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Table 17. Measurements of At'r'ip7ex canescens grown in sand culture.

Block Boron Emergence Number
i of

Plant height

Total

Mean

Plant boron

sol:‘l?i‘on‘ plants - dl;aye:epiogtht d;ar‘e);"w;':eliagr:]tt cone.*
(ug B mh (%) day 28 day 68 day 96 (9) (@  (ugB ah

1 0 20 6 37 170 275 2.21 0.37 zo.o'
2 0 7 2 49 265 441 7.72 3.86 8.0
3 0 . 20 4 56 205. 348 4.60 1.15 16.0
4 0 3 g 29 193 340 2.88 2.88 16.0.
1 113 4 30 189 309 3.72 0.93. . 60.0
2 1 17 5 30 210 350 5.63 1.13 33.3
3 1 13 3 40 170 279 6.63 2.21 61.3
4 1 10 6 38 183 276 4.10 0.68 69.3
1 5 10 6 5 74 329 2.93 0.49 226.7
2 5 17 4 26 231 400 4.95 1.2 213.3
3 5 7 2 40 281 440 4.07 2.04 160.0
4 5 17 5 31 192 323 5.38 1.bs 133.3
1 10 33 1 20 270 452 1.89 1.89 160.0
2 10 13 4 35 140 385 4.87 1.22 346.7
3 10 20 6 39 264 384 6.67 111 293.3
4 10 10 4 49 225 350 3.95 0.9‘9, . 240.0
1 20 47 . 3 43 176 - 286 2.91 0.97 400.0
2 20 20 7 42 232 . 404 3.97 0.57" 266.7
3 20 10 3 46 270 - 449 .66 2,22" © 400.0
4 20 23 7 47 215 360 6.58 0.94 400.0
1 40 20 . 4 24 165 e 113 0.28 600.0
2 40 10 3 16 89 165 0.45 0.15 841.0
3 40 10 2 15 92 164 0.54 0.27 641.0
4 40 7 2 203 0.76 0.38 700.0

22 116

*For samples with sufficient dry material, plant boron concentration is the average of three analyses.
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Table 18. ' Measurements of Ely'mus cinereus ‘grown in sand culture.:

Block  Boron Emergence Number

Plant height

Total

Mean

Plant boron

‘ soltijtc]ion plgrfus (> d;yer'-u?o%:ht. c::?:' NF:aliagr:ltt cone.*
(ug B oLl (%) day 28 day 68 day 9% (9 (@ (ug B g1
2. 0 30 7w 731 780 7.27 ROt 18.0
3 0. 27 8 178 571 671 1 8.36 1.05 14.0
4 0 27 9 179 661 684 8.25 0.92 18.0
1 1 37 6 162 726 736 8.87 1.48 93.3
2 1 43 10 150 676 715 9.26 0.93 i26.7
3 1 40 12 212 712. 751 11.28 0.94 153.3
4 1 43 12 185 690 808 0.4 0.87 66.7
1 5 10 3 104 640 849 5.42° 1.81 560.0
2 5 37 9 176 626 750 8.61 0.96 986.7
3 s 17 6 132 669 e 7.70 1.28 853.3
4 5 23 9 216 - 696 871 8.51 0.95 773.3
1 10 27 9 125 709 756 6.46 0.72 _1200'.6
2 10 27 10 180 793 929 10.05 1.00 1266.7
3 10 30 9 145 660 666 8.70 0.97 1400.0
4 10 43 11 167 591 724 7.53 0.68 1800.0"
1 20 33 10 127 531 621 5.55 0.56 1600.0
2 20 40 10 98 562 650 4.30 0.43 1600.0
3 20 13 6 150 702 763 5.6 0.94 2533.3
4 20 40 8 250 632 590 8.32 " 1.04 2800.0
1 40 43 10 98 521 639 2.76 0.28 2666.7
2 40 30 9 101 585 79 3.27 0.33 2400.0
3 40 10 3 71 376 546 0.74 0.25 3200.0
4 30 10 3.41 0.34 2666.7"

40

135

530 667

*For samples with sufficient dry material, plant boron concentration is the average of three analyses.
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Table 19. Measurements of Elymus lanceolatus grown in sand culture.

Plant height

Total

Plant boron

Block Boron " Emergence Number Mean
soltl.ltc‘ion | ‘plglfa‘ts (mm d%rﬂepjbgtht -%rg; wpiia%htt cone-* .
(g BmL™H %) day 28 day 68 day 96 @ (@) (ug B g™ h)
2 0 80 10 150 576 589 10.91 1.09 27.3
3 0 70 11 191 540 652 13.01 1.18 16.0
4 0 80 11 231 581 606 12.46 1.13 264.0
1) 1 77 10 135 496 556 7.73 0.77 153.3
2 i 60 10 155 w2 s 8.81 0.88 173.3
3 1 73 10 163 513 571 13.22 1.32 320.0
4 1 80 10 207 525 587 11.85 1.19. 93.3
1 5 77 9 160 574 704 9.32 1.04 1153.3
2 5 63 10 150 425 454 6.33 0.63 1100.0
3 5 77 1 174 505 600° 10.27 '0.93 1000.0
A 5 83 10 178 430 502 8.57 0.86 1300.0
1 10 70 10 136 537 683 8.97 0.90 ' 1466.7
2 10 % 12 163 409 550 7.65 0.64 1733.3
3 10 57 AL 206 660 466 2.50 0.23. 2333.3
4 10 87 10 195 395 512 7.62 0.76 1533.3
2 20 77 10 151 403 489 4.93 0.49 2666.7
4 20 70 8 180 458 66 5.38 0.67 2533.3
1 40 63 10 79 259 - 395 0.96 0.10 3200.0
2 40 73 10 132 315 467 2.74 0.27 2666.7
3 40 80 8 17 206 372 1.01 0.13 3200.0
4 40 60 10 153 323 517 2.54 0.25 3733.3

*For samples with sufficient dry material, plant boron concentration is the average of three analyses.
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Table 20. Measurements of Medicago sativa grown in sand culture..

Plant height

Totai

Plant boron

Block . Boron Eﬁergeﬁce -Number Mean
solsjgi‘on . plg;ts (- d?;rwiio%:ht‘ ?o?:— |';:?liragr:‘tt ~eone.”
(g Bm™h (%) dey 28. day 68 day 96 (9 (@ g g™
1 0 80 10 52 430 541 7.24 0.72 1160
2 0 & 1 51 384 . 472 8.32 0.76 18.3
3 0 83 10 70 390 441 9.32 0.93 110.0
4 0 80 9 9 423 502 5;26 0.61 12.0
1 1 77 10 89 587 353 11.47 1.15 © 1900
2 1 7 10 72 355 365 8.29 0.83 210.0
3 1 87 10 110 558 664 12.54 1.25 173.3
4 1 73 10 9% 452 486 10.57 - . 1.06 160.0
1 5 7 10 68 470 548 744 0.74 380.0
2 5 80 1. 6 434 533 7.21 0.72 350.0
3 5 73 10 67 488 552 8.92 0.89 506.7
4 5 67 10 87 400 445 9.52 0.95 680.0
1 10 73 9 7 w27 s 740 0.82 750.0 -
2 10 90 10 57 436 526 7.40 0.7 1200.0
3 10 83 10 81 456 606 9.87 0.99 1000.0
4 10 83 10 85 401 . 462 6.26 .0.635  1000.0
1 20 97 1 72 393 440 6.49 0.59 1100.0.
2 20 70 9 62 429 503 2.9 - 0.33 1100.0
3 20 90 10 80 404 631 6.69  0.67 1066..7
4 20 77 10 9% 509 665 6.63 0.66 1066.7
1 40 83 10 39 311 456 3.29 0.33 1000.0
2 40 83 100 39 . 305 513 5.00 10.50 1000.0
3 40 90 9 4 21 366 2.17 0.24 12000
4 40 o7 10 7 B0 s 6.25 0.63 1500.0

*For samples with sufficient dry material, plant boron concentration is the average of three analyses.
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Table 21. :Measurements of Melilotus officinalis grown in sand culture.

Plant boron

Block Boron - Emergence Number Plant height Total Mean
solution plonts _m A AR AL

_ wgBm™h day 28 day 68 day 96 () (@. (ugBghH
1 0 90 0. 59 279 340 718 072 8.0
2 0 93 10 45 200 226 4.8  0.43 12.0
3 0 o7 10 69 308 325, 10.73 .07 . 1.0
4 0 77 9 ' s2 214 254 . 5.14. 0.57 . 12.0
1 1 87 10 69 .270 328 9.43 0.9 200.0
2 1 93 0 65 276 329 7.91 0.79 186.7
3 1 97 10 69 290, 421 7.39 0.74 i73.3
4 1 77 10 76 296 33 . 10.22 .02 . 186.7
1 5 90 10 52 256 408 5.69 0.57 666.7
2 5 87 16 _' 48 268‘.7 C 291 1 7.34 0.73 666.7
3 5 87 0 6 361 399 7.61 0.76 693.3
4 5 97 10 &9 319 vdsj -8.81 . 088 . 720.0
1 10 70 10 46 276 347 5.86 059  ° 800.0
2 10 93 10 39 22 215 3.9 0.39 9333
3 10 87 10 50 340 373 5.25 0.53 . 733.3

4 10 90 10 59 252 . 274 5.23 " 0.52 1066.7
1 20 90 10 46 325 472 4.87 0.49 800.0
2 20 % 10 33 209 340 5.2% 0.52 933.3
3 20 106 10 54 196 230 3.90 . 0.39 1133.3
4 20. 80 10 7% 29 31 546" 055  1000.0
140 % 10 36 . 162 180 . . 176 0.18 1333.3
2 40 80 1 38 186 . 296 3.61 0.33 . 1200.0
3. 40 90 10 40. 47 362 4.24 0.42 . 1b6677
4 40 73 10 48 278 376 4.58 0.46 14000

*For samples with sufficient dry material, plant boron concentration is the average of three analyses.
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Table 22. Measurements of Oryzopsis hymenoides grown in sand cu]tUre.
Block - Boron Emergence Number Plant height Tortal Mean Plant boron
sol&?ion . plgrf\ts (m dr;)ye:z%igtht %re):' Np‘alié%:]tt . cone.*
wgBml @ day 28 day 68 day 96 (9 (@ (ug 8 gl
1 o 1% ' 5 17 s91 © 754 7.29 1.46 12.6 '
2 0 23 9 o7 - 523 706 11.80 1.31 12.0
3 0 27 9 160 577 731 12.63 1.40 8.7
4 0 20 6 177 676 813 8.95 1.49 12.0
1 1 20 9 147 632 855 7.91 0.88 £ 109.3
2 1 4 - 10 126 - 572 848 12.57" 1.26 154.7
3 1 37 iol 17 581 79 1‘_1..89‘ 1.19 122.7
' 4 1 47 10 181 700 855 14.35 1.44 138.7
‘L : 1 5 10 3 7 576 796 4.80 " 1.60 666.7
2 5 17 6 115 560 771 6.68 1.1 760-._7
3 5 27 8 151 580 820 . 9.85 1.23 . 626.7
4 5 |40 10 216 757790 10.99 1.10 1000.7
1 10 30 8 151 | 1636, 841 6.51 0.81 966.7
2 10 0 1 0 o 210 0.01 0.01 935.7
3 10 6 6 170 649 846 4.67 0.78 766.7
4 10 17 5 179 653 856 4.65 0.93 766.7
1 20 13 4 9% 332 461 1.03 -0.26 1200.0
2 20 23 9 117 541 648 3.09 0.34 1000.0
3 20 10 3 108 431 611 1.14 0.38 1000.0
4 20 27 7 115 446 555 2.18 0.31 1400.0
1 40 7 2 .62 79 85 0.02 0.01 3000.0
2 40 20 6 62 56 72 0.07 0.00 : 469@.0
3 40. 30 1 A 78 84 ' 0.01 0.00 4348.0
4 40 10 3 70 74 76 : 0.01 0.00 5769.0
. . *For samples with sufficient dry material, plan"c boron coﬁcentration is the average ‘craf three analyses.
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Table 23. Measurements of Pascopyfqm smithii grown in sand culture.

Block Boron Emergence Number Plant height Total: Mean Plant boron

soll.lxrgion of plants (mm) d:)yerm:)iogtht ‘cFI)rg; b‘apeliégrl:ltt conc.*
(ug B m™1) %) | day728‘ day 68 day 96 @ (9) (ug B gf?)
1 0 & - 10 135 472 591 8.9 0.89 6.7
2 0 57 10 159 594 621 9.07  0.90 7.3
3 0 53 9 160 554 656 9.07 . 1.01 - 6.0
4 o st om 212 sse e 9.3 0.8 9.3
t 1 63 10 176 511 605 9.22 0.92 2.7
2 1 83 10 164 523 619 8.82 0.88 66.7
3 1 7z 10 200 660 702 1040 1.0 46.7
4 1 40 10 156 556 555 10.99 1.10 123.3
1 5 53‘ 0 - is7 s 719 9.78 0.98 720.0
2 s 43 13 164 498 S8 9.20 - 0.7 5333,
3 5 53 10 45 485 606 7.29 0.73 666.7
4 5 57 0w S5 sty . 748 0.7 880.0
1. 10 57 10 141, 466 614 6.09 0.61 ' © 800.0
2 1 . 57 9 151 401 480 4.09 0.45 1266.7
3 10 53 10 12 398 . 566 6.06  0.61 13333
4 10 37 10 180 567 _‘71“9 9.06 . 0.91 ~  1200.0
1 20 70 . 10 95 417 &0 en " 0.47 1600.0
2 20 40 10 16 423 6N 5.29  0.53 - 1866.7
3 20 40 10 211 575 667 9.57 0.96 ~1600.0 "
4 20 57 10 130 465 . 616 4.79 048 2000.0
1 40 73 10 o 21 399 1.6 02 3200.0
2 40 3 9 89 . 229 3 141 0.1 . 3600.0
3 40 57 1 o7 215 397 1.81 0.16  3600.0

4 40 53 10° 85 318 436 1,49 0.15 3200.0

*For samples with sufficient dry material, plant boron concentration is. the average of three analysés.
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Table 24, Measurements of Pseudoroegneria spicata grown in sand culture.

Block  Boron Einer;genée Number © Plant hei’g'h‘tr V 'T;:fal' 2 Mean - Plant bq.ron
-solv:‘lrt]ion ' . pl‘gl‘f\ts o - (mm . Adrg;:ijiogtht,' “r.'.’{:)rg; N:l‘iag:t:c‘ - cone-

(ug B mLf1-> (%) o day 28 ;:!‘ay 68 day‘% ‘ (5) 7 (9 . Cug B ,9"1)
1 o 13 s 2 343 426 s 1.02 0.7
2 0 0 1 5 367 576 2.19 2.19 " 12,0
3 0. 20 .7 163 450 483 7.6 " 1.02 8.0
4 0 7 5 182 _437. 482 ‘ s.e7 1.7 : 8.7 -
B i3 - 3 1 436 560 . 4.09 1.36. 1373
2 1 20 6 152 373 505, 5.32 0.89 , 56.0‘
4 1 23 7 198 44 - 532 10.87 1.55 ©306.7
1. 5 155 146 371 529 5.95 119 1066.7
2 5 13 4 157 319 360 4.81 1.20 710.0
3 5 0 2 115 371 420 _' 2.76 - 1.38 9067
4 5 20 6 9 481 . 531 - 6.10 1.02 . 880.0
1 0 10 5 . 1100 310 . 448 P ©0.46 - 1800.0
2 10 10 2 126 - 316 491 2.73 1.37 ' 1200.0
310 7 "2 110~ 330 408 2.47 Ca26 11333
4 10 . 20 - 6 151 500 750 6.01 1.00 19333
1 20 10 _ 5 118 325 440 2.34 0.47 2400.0
2 20 13 5 4 338 488 2.24 0.45 2133.3
1 40 6 .3 65 220 . 296 0.2 0.09  3649.0
2 w7 5 101 om0 393 1,00  .0.20 3200.0
4 40 BRI 3 102 230 32 0.28 0.09 ~4219.0

*For samples with sufficient dry material‘,‘ plént‘ boron concentration is the average of three analyses.
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Table 25. Measurements ,of1‘° VEIymus‘/ lanceolatus grown in soil culture.

Block Boron  Emergence Number Plant height - Totél Mean Plant bqron

added to of (mm), - dry weight dry weight conc.
soit : plants B ; 7 per pot per plant

(ugB g™ (B day 28  day 68  day 96 (9) @ ugBg™hH
1 o . 50 10 98 295 490  1.89 0.19 12.0
2 0 60 0 112 2% 356 162 0.16 10.7

3 o 53 10 105 210 356 132 0.13 - 8.0

4 0 53 0 149 346 435 2.23 0.2 93
1 1 53 -8 99 386 512 2.04 0.26 8.0
2 1 63 10 10’ 292 458 2.18 0.2 8:0
3 63 1 110 319 441 1.72 0.16 8.0
4 1 53 10 . 140 380 508 2.42° - 0.24 i0.7
1 5 7 12 163 365 499 1.80 0.15 16.0
2 5 47 6 100 . 312 46 1,78 0.30. . 16.0
3 5. 55 10 146 435 - 529 . 232 023 . 16.0
4 5 67 10 191 40 50T 3.43 0.3 36.0
1 10 37 9 - 106 377 469 191 0.21 - 29.3
2 10 40 9 o7 295 372 1.48 0.19 3.7
3 10 73 10 114 294 /3 1.66 0.17 373
4 10 63 10 153 380 - 431 o 2.35 0.24 . 29.3
120 53 9 170 . 484 . 565 2.8 0.31 . 80.0
2 w47 10 . M2- 286 399 . 245 022 - 72.0
3 .20 . 37 1M 125 370 . 4% - 1.82 047 . 60.0
4, 20 40 10 176 466 519 326 032 96.0
1 40 80 1 162 355 80 2.20 -  0.20 153.3
2 40 63 9 101 209 - 470 . 192 . -0.19 146.7
3 40 57 . 10 16 29 439 2,12 021 1467
4 40 70 10 139 . 335 419 2,24 0.22. ' 180.0

*Fof samples with sufficient dry materi_él, ‘plant boron concentration is the average of three énély:ées."
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'APPENDIX C

Boron injury symptoms
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‘Table 26. 0bservat1ons of Atrlplex canescens plants grown

in sand

1 number in parentheses 1nd1cates the approximate percentage of leaf area with leaf burn

Tip 1nd1cates ‘that blotches were present on leaves

culture.
Block Boron Emeréence” .vDaY‘Zé "Day 68 ‘ o End ofrstud}
“in solution o I i3 ‘
; (ug B ML-l) * ' 3 | leaf:burn ‘color ‘ flowersr .roots .
1 0 ' . - - ; - . - - nene -
2 0 - - - nt R | none -
3 | 0 - - | i - bt - nene _ -
4 0 ' - - - t - - - none . -
1 1 - - - L - | . - ‘ none -
2 o1 - . - ; B - none | -
3 1 - - ‘i‘- . 7 o - none -
4 1 - - R 7y - none -
1 5 - - - - - none‘ -
2 s o - none -
3 5 - - - 7 - .' none‘ =
4 s _ S - - :ff i‘. 3 : ) - . none’ .
M . 10 - y§ . - o -“ ) ‘ | - .l none: -
2 10 - 9 ' - (o - none -
3 | 10 - - y - - N | - .none‘ -
-’; 4 10 R - - B - . none -
1 20‘ | - - oo ‘ .-‘(Y)p - © none’ -
2 20 . - - .. b -  none :
3 2 L S yay . aob - none -
4 o 26‘- . . - - (Hb - - none?‘ -
1 40 y. Ty ¥(3) (10) - none -
2 ‘ 40 - ‘ Yy - " ~(10)b yellow none -
3 | 4 - y - aonp - - " none’ -
4 40 Yy o y - tSO) - | . none -
. ? - indicates that plants appeared normal.‘ . | 7 » )

§ y indicates that plants had yellow leaf tips (number in parentheses indicates approx1mate percentage

of leaf area that appeared yellow)..
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Table 27. Observations of Elymus. cinereus plants grown in sand culture.

Block Boron . Emergence Day 28 a Day 68 End of study
in solution
(ugB L™l - . leaf burn  color flowers roots
1T 0 Rl - .- -bt . dark green none L¥*
2 “‘ 1} . - - -b light grean‘ none L
3 . o - - - - dark green  .none - L
4 0 - - ‘ - - " "dark green ° none L
1. 1 ' it - . i (" green none L
2 . 1 - - y" ()b light green none . L
3 1 Co- - - y (7)b '.dark green none L
4 | 1 - - . Yy | 7 ' dark green  none ' L
1 _ 5 : - . - - C (Db light green. . none L
2 5 :‘ - ' - y(25) (7b dark green rone L
3 ' .5 - y - ‘y(25) (7)b -dark green none . L
4 ‘ 5 - Yy ¥(25) ()b dark green ° none L
1 10 - | . - (7)b light green none L
2 10 - - y(15) . (7)b dark green none . L
3 10 - - Y(15) ~(10)b green - none L
4 10 - - J y y(15) (b ‘ daak green . none L
1 20 ‘ - y y(25) - (10)b {ight green "nqne L.
2 20" - - y(25) (105b dark green none M
3 20 : - _ - - y(25) (10)b light gréen none L
4 20 - £ " y(25) (10)b  dark green none M
1 40 y y . . (10)b light green none S
2 40 Y Y y(éS) (10)b light green . none S
3 40 y y(15) ~y(25)l (30)b Light green '_snona S
4 40 Y - y(10)  yee ‘ (10)5 liéht green " none e

* - indicates that plants appeared normal
t b indicates that blotches were present on leaves.
i indicates thaf insect damage was evident on at least .one plant in that pot.
S number in parentheses indicates the approximate percenfage of leaf area with leaf burn.

" y indicates that plants had yellow leaf tips (number in parentheses 1nd1cates approx1mate percentage
of leaf area that appeared yellow).

**_L=large, M=medium, ‘S=small.
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Table 28. Observatmns of Elymus Tanceolatus p]’iant‘s grown in sand
cu]ture. ‘ o ‘ - '
Block ‘Bo;on‘ Emergencer VDay 28 Day 68 ‘End\of-stady
in solution : '
(ug B mL™1) leaf burn color .flowers roots

2 7 0 R -k - - - - light‘green none .
3 0 - - - - - none -
4 0. - - - - light gaeeh none -
1 1 - - - - . none i -
2 1 - - - - blue green none -
3 1 - - - (nt | bt none. -
4 1 - - ¥ 7y Y dark green‘. none -
1 5 - y”‘ (™ (10 b‘ none - -
2 5 - y 1b(7) | (10) blurgreen b none -
3 5 - y .‘lb(7). (15)‘, yelioﬁ' none‘ -
4 5 - y Lb(7) (15) yellow b none -
1 10 - y Lb(7) (10) Yellow‘B ‘ none -
2 10 - Y lb(?)v "‘(10) blu-green b none . -
3 10 . - Y Lb(7) (10) biue green noae -
4 10 -.' - y Ib(7) y yellow-b none -

2 20 - . b7y (10)  yel-green'b  none )
4 26 " - y b(7) €10) yelloﬁ'b‘. none -
1 T 40 y y(30) Lb(25) (30) yellow b none. few ;hiiomes
2 " 40 . y' y(20) ‘ lb(255 (10) yel[ow b . noae "no rhizomes
3 40 e y y(20) lb(255 . €10) yellokw b | none . no rhizomes
4 i . .45 g Ly . y(105  {b(25) €10) . ye(low b | none few‘rhiiomes‘

* - indicates that plants appeared‘hormal.

t number in parentheses indicates the approximate percentage of leaf area with leaf burn.

t b indicates that blotches were preseht on leaves.

S b indicates that leaf burn was evident.on plants (number in parentheses indicates approximate

percentage of leaf area with leaf burn).

" y indicates that plants had yellow leaf tlps (number in parentheses 1nd1cates approx1mate percentage

‘ of leaf area that appeared yellow).
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Table 29. ":Ob'se‘r‘vations“vof‘Medicago sa‘t.f‘_\'/é plants grown in sand culture

Block inﬁgﬁﬁﬁion Eﬁerpence ' Daylé8 . Day‘6é. - 7 . End of study
(ug B mL™hy leaf burn  leaf loss flowers. roots
T . - o wot et :
2 0. - T Toa - . <10- © . yes .
3 0'. ‘ - "_‘ - e ax, oo<i0 fee“f -
4 - 0 - | - : - L ' ;TO : yes -
T . - - ot 10-50  yes -
2 | 1 | - | ; - 7 <10 none N -
3 1 - - - - (N <i0 yes‘ -
4. N S - . @ <10 _ yes . -
T | 5 SR = . y"(?) ' (10);"' 10-50 yes ‘ .
2 s . - oy @0y - »50  yes .-
3 5 - - YD . (20) >50  yes
& 5 - - - (30)  >50 yes -
1 10 ‘; - - o 40) . . 50 . yes -
2 0 . - - Wy 50 yes -
3 10 ' - - 'y‘<7> BT 50 yes . -
4 0 . Ly O 30) 19-50  yes -
1 20 - Ly oy (50) l>50‘ none ‘- -
2 20 - y Yy . 40y 50 C o yes
3 2 y ¥(10) () (40) © 550 yes -
4 20 y Ty oy 40 550 ~yes -
1 40 y y(20) .y<7)f¢# | 0y ‘>so‘ ' - yes’ o
2 ‘ 40 ' :y N y(20) y(7)IW : (4Q) >50 : yes : -
3 ‘ .40 y y(20) W k40) >50 none -
4 40 y ¥¢15) NULE 45 . 50 - Cyes -

* - indicates:that plants. appeared normal.
t approximate number of leaves lost from all‘plants in- the pot.

i yes 1nd1cates ‘that flowérs were present on at least one plant |n the pot
5 number in parentheses indicates the approximate percentage of leaf area with leaf burn.

" y indicates that plants had yellow leaf tips (number in parentheses 1nd1cates approx1mate percentage
of leaf area that appeared yellow). ‘

#,w indicates ‘that some leaves had thte edges.
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Table 30. Observatwns of Mehlotus officinalis p1ants grown in sand

| number in parentheses indicates the approximate percentage of léaf area with

cu]ture
Block Boron Emergence Day 28 Da9 68 . -énd of study
in solution . ‘
(ug B mL™ty _.’ ' o © leaf burn ,laaf>toss‘ flqwéra‘ - roots
1 o -+ - L - 10-50! . none -
2 | 0 - - L S <10 none ) .-
3 0 - - - 10-50 none :
. 4‘- . 0 ‘- - . - - . - <10“ none o .-
£ 1 - - 10-50  nome’ . -
2 | 1T - - - - i0-5.0‘ nt;ne ‘ ‘_ -
3 1 - - oo - _ 10-50 - none C
4 1 - - - 10-50 yes? o
1 5 :“ | - Ys (75" , 10-50 - none -
2 5 . . - - (48] 10-50 none ‘ :.-
3 ., 5 - S ' - D ‘  >50 : none , -
s - @y 1050 yes -
1. 10 - - oy a 10-50 none -
2 10 - - y o 50 none -
3 | 10" - - y N , >50 none -
4 0 - - - o - . y “('7) ‘ 350 none . - -
1 20 . oy y (10 >50 none -
2 20 - Ty y n >50 - none .
3 | 20 - y y o) >50 ;none . -
4 20 - Y oy ) ‘ ‘>50. none -
1 40‘ Y, . y y o - (20 10-50 - none -
2 40 y‘ - ' | HY- ‘ t?) o >56, o none s
'3 | 4y | y ’.y | €0 ‘ >50‘ none ‘ -
4 . 40 y y y - N >50 none o
* i'indicates that ptantsrappeared normal. -
. f approximate number of leaves last from alt plants in the -pot.
$ yes ' 1nd1cates that flowers Wwere present on at least one plant in the pot
y indicates that plants had yellow leaf t1ps '
teaf burn.
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Table 31. 0bservat1ons of 0ryzops1s hymeno7des plants grown in sand

cu]ture.
Block ‘Boron Emergence Da*>28 Day 68 . o  End of stud*
in solution : ‘ : : ‘ .
(ug B m."1) ‘ leaf bgrn celor V'flowers\ roots
1 0 . -f - L. - * green yest B
2 - 0 S - - Lo green yes -
3  0 : ‘ | - | - _— ‘ - green. \‘ yes -
4 ‘ 0 ‘ S - - ‘. green yes . L
1 “ 1 - - - (i green - none -
2 1. ‘ - . - (?)‘ . green ‘none -
3 _ T W‘ _ - - - (7)t ‘; green. yes =
4 “‘ 1 L - " y§ . 7 v“greenv.l‘- yes -
| 1 ': 5 - . y ’ .‘ ; N 4 D) - green - ‘npne_‘ | ‘-f
n2 S5 - | y - y (1) green ‘ none - | -
3 5 - Yy ‘ Y (5 greenA none ;
“ 5 ' - -.z Y‘ B ) ¢15) green none -
1 ,i 0 - Y .Y Qo ‘l green . none -
2 10 _ rnoplant’ noplant . -y (20) green. . - none .-
3 10 - 'Y: ’l ‘y . y ‘i"‘ green‘ . nohe ,‘ o -
4 10 - y" » ‘ y (15) 'v green ‘none S
1 20 - y(5) y (25)‘. yellow none . few
2 20 - y' Y (155 yellow-‘ none: |  few
3 20 - Y Y . 30y yel low none- ‘ few‘
4 20 Sy y @) yellw  none - feu
1 40 R Uy oy | ; o yellon none . few
2. - 4o S ".\ y. y(5) B yellow noneh- few
3 40 - y(]O)‘ . y(25) - yellow none . “few>
4 . 40 - y y¢10) y(25) - yellow nohe few,

* - jndicates that plants appeared normal.
t yes xndlcates that flowers were- present on at least one plant in the pot.
i number in parentheses indicates the approximate percentage of leaf area with leaf burn.

y indicates that plants had yellow leaf tlpS (number in parentheses indicates approximate percentage
of leaf area that appeared yellow). .




Table 32. Observatmns of Pascopyrum sm;thn plants grown in sand
culture. S '
Block Boron - Emergence Day 28 Dayr68 End of stud?
in solution » 7
(ug BmL™Y) I teaf burn cotér flowers roots

1 .0 ¥ I 7‘ ;(7)fb*‘ dark green ‘nqnev" -

2. 0 - - L dark green rnone‘ -

3 , ‘0 - e 7N | dark green " none -

4 ‘ o - - - (Mb 1 dark green none -

1 1 - - - (7)b dark green none -

2 1 e - - ()b | 'dark'green none -

3 1 ‘ . - . - [¢p) dark green none -

4 S - LS b "dark green present -

1 5 - - %3 - (b dark green none -
2" 5 . - 1b(7) k?)b dark green . none -

3n ‘ - 5 ‘ - ) y"f lb(7y ‘(7)5 .eark green none -

4 5 - - (7 (7)b dark green none -

1 10 . - y“ lb(7) (")b dark green none -

2 10 - .y W7 (Db light green  none -

3 10 - Yy 1b(7) (7)b light green. none -

4 - 10 S Y b3y  (Mb | dark green none -

1 E Sy o (10b  light green  none -

2 20 - y b3 (b light green none small

3 . 20 - Sy Lb(7) (10, light green-  none ‘small‘

4 20 - y b3  (Mb dark green - none _sniau
1 i 40 y 9(40) l5(25) - ‘(20)b‘ light‘éreen‘ none no rhizomes

2 4Q - y(20) (b(25) (10)b light green none small

3 40 o % y(30)  1b(25) (7)b “ l}ght green none - small

4 40 - y(25)  Lb(25) :‘ 7(1Q5b‘ light green none ‘verY‘Small

* - 1nd1cates that plants appeared normal..

t number in parentheses indicates ‘the approximate percentage of leaf area with'leaf'bﬁrn.

#'b indicates that blotches iwere present on leaves.

S b indicates that leaf burn was present on leaves (number in parentheses 1nd1cates approximate

percentage of leaf area with leaf burn).

I y indicates that plants had yellow leaf tips (number in parentheses indicates approx1mate percentage

of leaf area that appeared yellow).
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Table 33. 0bservat1ons of Pseudoroegner7a spicata p]ants grown in sand

culture.
Block Boron' ‘Emefgence Day 28 - ‘Day‘68‘ End of study
y in solution . C ) ( : -
(ug B mL™) leaf burn color flowers. roots
1 0 -* | it - - dark green none -
2 ) 0 - - - - dark green none - -
3 0 - : - - dark green nene . -
4 0 - - - - “derkygreen none -
1 f - - - - dark green nohe -
l‘2 1 - - - (nHt dark .green ‘ none -
4 1 - - - (N green norie. -
1 5 - : y§ y . dark green ‘none -
2 5 - y y 7’ dark Qreen‘ none -
3 5 - y y s derk green none -
4 5 - y y N green“ norie -
1 0 -y ol » light green  none :
2 0 -y tb(7) %) gresh © none -
3 10 : - oy Lb(7) €8 dark green none -
4 10 - ' y Lb(7) 7 light green none: -
1 20 - ‘ Y lb(25) (10) Light green none -
2 20 = Y Lb(25) 10y light green none . -
1 40 . Yy -1b(30) Lb(25) €10) light green none small
2 A : y o lb(30)_‘ .ib(ZS)”" (10) ‘light'green none . -small
4 .40 y ) Lb(30) | 10 " light green none SmalL

* - indicates that plants appeared normal.

tb(25)

t i indicates that 1nsect damage was evident on.at least one plant in that pot.

 humber in parentheses 1nd1cates ‘the. approximate percentage of leaf area with leaf burn.

y indicates that plants had yellow leaf tips.

" tb 1nd1cates that leaf burn was present on leaves (number in parentheses 1nd1cates approx]mate

percentage of leaf area w1th leaf burn).

1
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Table 34. Observations of Elymus lanceolatus plants grown in soil.

Block ~ Boron Emergence Day 28 Day‘68 . -End of study
added to . ‘ . o
soil
(ug B 9-;)‘ . ' ‘ ‘,'T_ ‘;‘Léaf bufn . color- - f(gwérgv roots

1 7 70 o yt : : o (5)*“ . dérk‘éﬁeen - none -
2 B o - oe - dark green - none J“. -
3 .0 B - - H %é‘ ‘ L5 green ~n9né -
4 . 0 - - - (5) gréén - none .-
1 5 - " - (5) dark green none -
2 1 - - S ) _ gréen.‘ . ﬁone -

3 - - ® Cgreen  none -
& L - S . : (5 ‘ green .héhe N -
i 5 - B - - ‘ (5) 'green “*lﬁéne“ ‘ -
2 5 ‘i ) - - - ._‘ (5) g}een | " none -
3 5 - - - . (5)  Llight green noﬁe B
4 5 ‘ - - . - (5) green . none -
1 10 , - - - (5) greeﬁ . nore -
2 10 - - o (5) | green hone -
3 10 ‘ - - - (5) . dafk,greeﬁ : ﬁone CLo-
4 _‘ ‘ ‘16'1 - o - ;"(5) green . none -
1 20 ¢ . o - | ‘ 5) light green ,  none BN
2 200 7 - : - ’ lB"(3) . (5) green - hone -
3 20 - ‘ . lb(3)“‘: (5) ~ green . ‘hqné - ’ -
4 20 . y ‘ - (5) ~green none -
1 40 | i - | - b3y - (5) light green _none -
2 - 40 ; i - Lb(3) i (5) ' .green - | none -
3 0 . - 1 . {~ F(5) _green . none -
4 . &0 -y - 1b(3) (5) L greeﬁ L .nqne' -

* . indicatesnthatVbiants appeéred normal. -

t y indicates that plants had‘yellow leaf tips. - .

*‘pumber in parentheses indicates the approximaié bercgntage of‘leaf areé appearing. burned.
§ indicates that insect injufy was evident on at'léasf one ptant in the pot.

" lb indicates that leaf burn was present on leaves (number in parentheses 1nd1cates approximate
percentage of leaf area with leaf burn).
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