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Grain protein concentration of wheat is influenced by numerous factors. When

determining a wheat variety's ability to produce protein, the plant's ability to uptake and

translocate nitrogen is critical. A greenhouse study was conducted to assess differences

in nitrogen use among different wheat varieties. The objective was to determine if there

are growth characteristics and/or nitrogen uptake and translocation patterns that result in

grain with higher nitrogen levels.

Varieties from six wheat market classes currently being grown in the Pacific

Northwest were used in the study but complete data were collected on only three spring

classes - Winsome and ID0377S hard white; WPB936 hard red; and Penawawa, soft

white. Varieties were planted in pots and grown under typical greenhouse conditions for

cereal grains except that surplus nutrients were provided. Flag leaf chlorophyll readings

were taken through early grain fill and destructive sampling was done at anthesis and

plant maturity. Plant parts were separated and analyzed for dry matter production and

nitrogen concentration.

The spring grains showed several trends that appear to influence the plants protein

production. Winsome had the highest harvest index and grain yield with poor grain

nitrogen, the result of a dilution effect. ID0377S had a high harvest index and grain

yield with high grain nitrogen. WPB936 produced little dry matter, had a low harvest

index and grain yield. WPB936 had a low total nitrogen uptake, but the low grain yield

allowed the concentration of a high amount of nitrogen into the grain. Penawawa

produced a large number of tillers and the largest volume of dry matter. Penawawa had a

low grain nitrogen concentration, a low harvest index and left a significant amount of

nitrogen in tiller tissue.
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Introduction

There are six common market classes of wheat: durum, hard red spring, hard red

winter, soft red winter, hard white, and soft white. These classifications are based upon

kernel characteristics such as seed color, hardness, kernel shape, and protein content.

Among these grain protein concentration is of paramount importance. The type and

concentration of proteins in grain influences both nutritional factors and baking

properties (Bairneix and Guitman, 1993; Oscarson, 1996; Mckendry et al, 1995; Wieser

and Seilmeier, 1997). The protein content of grain is an important factor when

developing new wheat varieties - as significant as yield, drought tolerance, or disease

resistance.

The protein concentration of the wheat kernel is dependent on the wheat class and

environment with protein content ranging from less than eight to over sixteen percent.

Soft red and soft white kernels contain lower amounts of protein, around eight percent to

ten percent; hard white and hard red winters eleven to thirteen percent; and durum and

hard red spring twelve to sixteen percent protein. The difference in amount of protein

stems from differences in a wheat class and the ability of the grain variety to produce

protein. The amount of protein produced in the plant is dependent, in part, on the plant's

ability to uptake and translocate nitrogen (Bairneix and Guitman, 1993; Peltonen and

Virtanen, 1994; Vaughn et al, 1990). The formation of protein in the kernel requires the

manufacture of large amounts of amino acids. These amino acids each require an amine

bond, which contains a nitrogen atom. Due to the large number of amide bonds, the

amount of nitrogen required to manufacture grain protein is substantial.
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There are two sources of nitrogen for grain protein. The primary source of

nitrogen utilizes nitrogen stored in the plant's other tissues (Baimeix and Guitman, 1993;

Sanford and MacKnown, 1987). The wheat plant stores nitrogen in leaf and stem tissue

during the early growth stages until anthesis (the stage at which pollination occurs) and

seed formation begins (Nelson et al, 1988). The developing seeds then become a sink for

nitrogen. Nitrogen is transported from other plant tissues to the head and is processed

into amino acids for the kernel proteins. As the plant continues to form seed, it slowly

drains its nitrogen reserves. Though the plant increases in both size and biomass, the total

nitrogen concentration of the plant tissues drops at a continuous rate. The second source

of nitrogen for grain protein is the direct movement from the soil / growth media to the

developing seed (Macdonald, 1992). This method of "direct deposit" nitrogen also

constitutes a sizable portion of the nitrogen found in the seed.

The primary form of nitrogen moved through the plant is amino acids. These

amino acids can form storage proteins or be stored directly by the plant. Amino acid

content is dependent upon the wheat variety and the plant available nitrogen (Mosse,

1985). The primary storage site of excess nitrogen is in the leaf tissue (Macknown,

1992). Nitrogen mobilized from protein as amino acid is stored in temporary sink sites

such as the plant's leaf blade, leaf sheath, stem tissue, and spike chaff (Macknown,

1992). This nitrogen is then made available to the plant through protease activity which

degrades the storage proteins and allows the component amino acids to translocate to the

grain.

Since the amount of protein in seed is known to vary with the market class and

variety of wheat, it is conceivable that different wheat varieties utilize available nitrogen
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differently. Furthermore, examination of a wheat variety's nitrogen use may provide

insight into its ability to produce protein (Bairneix and Guitman, 1993; Macdonald, 1992;

Oscarson, 1996).

The purpose of these experiments was to ascertain the differences among wheat

varieties ability to utilize available nitrogen for protein production. The project consisted

of four separate experiments; all designed to explore differences in nitrogen use among

different wheat varieties. Varieties representing all wheat major market- classes currently

grown in the Pacific Northwest were used in the study.



Materials and Methods

The experiments utilized a number of wheat varieties. The varieties can be

divided into two distinct groups, spring and winter. The spring wheat varieties were

"WPB936", "Penawawa", "ID0377S", and "Winsome". WPB936 is a hard red spring

wheat, and Penawawa a soft white spring wheat. ID0377S and Winsome are both hard

white spring wheats. The winter wheat varieties were "Jagger", "Eltan", "Stephen",

"Nuplains", "0R943575", "0R942496", "Ivory 513-8", and "Ivory 513-9". Stephens

and Eltan are both soft white winter wheat varities, while Jagger is a hard red winter

wheat. The other varieties - Nuplains, 0R943575, 0R942496, Ivory 513-8, and Ivory

513-9 - are hard white winter wheats.

Spring Wheat Pot Study

Seed of the spring wheat varieties was germinated on filter paper in petri dishes.

Three petri dishes were used for each variety. Filter paper was placed in a labeled petri

dish and then soaked with tap water. Eight seeds were placed in each dish. The petri

dishes were then placed on a greenhouse bench for six days. The greenhouse was kept at

20 C. After this time, the seedlings were placed in a growth chamber set at 5 C, to

impede growth until seedlings could be transplanted. The seedlings received 12 hours of

light each day.

After six days, sixteen of each of the spring variety seedlings were transplanted

into 4.55 liter plastic pots. The most vigorous seedlings were transplanted. Eight pots

were used with two seedlings being planted in each pot. The pot growth medium

consisted of a sand, loam, and vermiculite mix used in the OSU greenhouses. The pots

were then placed in a greenhouse kept at 20 C degrees. The plants were grown under two

4
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120V, 60Hz, 4 Amp, HPF-400W sodium vapor greenhouse lights. These lights were

positioned at a height of approximately 1.52 meters above the pots and were on for 12 h

each day.

A slow release microencapsulated fertilizer, Osmocoat (O.M. Scott and Sons,

Maryland, OH; see Appendix) was also added to each pot. The fertilizer was added to

the soil mix before transplanting the seedlings to the pots and as a topdressing one-week

after the seedlings were transplanted. The pots were watered three times a week, and

once per week a commercial fertilizer solution, Grow More (see Appendix), was added in

a solution. The Grow More was added in a ratio of 15 milliliters / 4.546 liters. 5

milligrams of Epsom salt was added to the weekly fertilizer solution after symptoms

became apparent in the hydroponic system (see page 5). The large amount of fertilizer

was designed to leave the potting media with a surplus of nitrogen at all times.

Hydroponic Spring Wheat Study

A second group of spring seedlings were planted in a hydroponics system. This

group consisted of 24 seedlings from both WPB936 and Winsome. The hydroponic

system contained 24 pots divided into four groups of six pots. The pots were made of

PVC tube, 15 cm in diameter and 0.5 m tall. The seeds were germinated in petri dishes

as in the pot study. Twelve pots were planted with two WPB936 seedlings and twelve

pots were planted with two Winsome seedlings. The pots were filled with vermiculite

and a feeder tube was attached at the bottom of each pot. A nutrient solution was fed to

each pot through a gravity feed system. The nutrient solution consisted of 28.35 grams of

Grow More mix to 13.65 liters of water.
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There was an unforeseen problem with the plants grown in the hydroponics

system. The plants grown in this system were fed using Grow More, a commercial

nutrient mix. This mix was previously used in the hydroponics system for a drought

tolerance study and worked well for that experiment. However, the mix lacked any form

of sulfur, and the plants in this study exhibited symptoms of sulfur deficiency. Factors in

previous experiments - low yield and elemental sulfur applications used for disease

control - did not make this problem apparent, and the omission was only noticed when

the plants exhibited symptoms. The problem was corrected by supplementing the

nutrient mix with Epsom salt- magnesium sulfate. The addition of Epsom salt to the

nutrient solution appeared to solve the sulfur problem, and all plants in the hydroponic

setup appeared normal by the anthesis sampling date. Although the wheat cultivars

grown in soil pots did not display sulfur deficiency symptoms, their Grow More

applications were supplemented with 20 milliliters of Epsom salt after symptoms

appeared in the hydroponic study.

Spring Wheat 15N Study

Eight pots within the hydroponics setup were labeled with 15N for analysis. One

of the two plants within each pot was selected at random to receive the 15N treatment.

The other plant was used as a control. The solution of 15N used in the experiment

consisted of 6 g urea / 88 ml water for a 2% urea and 98% water ratio. An insignificant

amount of liquid dishwashing detergent was added to the mixture to serve as a surfactant

to facilitate transfer of the urea into the leaf. The mixture was applied with a cotton swab

on the flag leaf of the main tiller.



A tactical error in the '5N experiment made data collection impossible. Primary

tillers were not individually labeled. These tillers, while easily identifiable after 15N

treatment, became indistinguishable at harvest. The purpose of the 15N experiment was

to monitor the translocation of nitrogen from the flag leaf to the rest of the plant. When

the 15N labeled stem could not be identified, analysis was not possible. Plants for this

experiment were discarded at maturity.

Winter Wheat Pot Study

Winter wheat genotypes were germinated in Jiffy 7 brand peat moss containers.

Eight Jiffy 7 containers were used with two seeds placed in each. The Jiffy 7 containers

were placed on aluminum trays that served as water reservoirs. These trays were then

placed inside a regulated growth chamber set at 5 C, a temperature adequate for

vernalization, for six weeks. During the vernalization period: plants received 12 h of low

intensity light daily. The Jiffy 7 containers were checked biweekly, and water was added

to the reservoirs as necessary. After vernalization, these plants were transferred to the

standard pot and potting soil mixtures used in the spring pot study.

Data for the winter pots was collected as described below. Samples are in

storage, but are of questionable value. Extensive damage from thrips, small insects that

feed on young shoot tissue, caused many samples to be discarded. Stephens, Ivory 513-8,

and Ivory 513-9 were most severely damaged by the thrips. Other varities incurred mild

or no damage, but this data may be confounded.

Data Collection in All Studies

At the anthesis growth stage, plants were destructively sampled in the spring pot,

winter pot and hydroponics studies. Harvest dates differed among varieties. Eight plants
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of each variety (four pots, two plants each) were sampled in each study. Plants were cut

from their root system at soil level. They were rinsed in water and then cut into parts

with a razor blade. The plants were divided into stem, head, and leaf tissue and placed

into marked envelopes. The envelopes were then dried in a still air oven at 60 C for

forty-eight hours. Envelopes were then stored at room temperature.

The chlorophyll levels of the spring varieties were measured using a chlorophyll

(SPAD) meter. These measurements were done on-a weekly basis starting at anthesis.

The SPAD meter readings in the flag leaves of each plant were measured and recorded in

a lab notebook. This data was later transferred to a Microsoft Excel spreadsheet format.

At maturity, the remaining spring and winter wheat plants were destructively

sampled. Maturity was defined as the browning of the peduncle of the three most mature

stems. Mature plant harvest dates differed among varieties. Plant material was handled

like the anthesis samples except that the three largest stems of each plant were kept

separate from the other plant material. This was done due to the large difference in the

number of tillers among varieties and the impact this difference might have on dry weight

data.

After all plant collections were complete, the envelopes were redried at 60 C

degrees for 24 h to remove the possibility of any moisture accumulation during storage.

Plant dry matter weights were determined using an electronic scale accurate to 0.01 g.

The weights of all plant samples were recorded and data was transferred to a Microsoft

Excel worksheet.
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All wheat head samples at the mature stage were then threshed using a single head

thresher. The chaff and grain were collected in separate labeled envelopes and weighed.

This data was added to the Microsoft Excel datasheet.

The plant tissue was then prepared for nitrogen analysis. All plant samples,

except grain samples, were first ground using a Wiley mill with a 1.0 mm screen. The

two plant samples collected from each pot were combined to form a single sample for N

analysis. Chaff samples were added to the leaf tissue for 3-stem samples and to all other

tissue in the "other plant material" samples. The samples were reground in a Udy mill

with a 0.5 mm screen. Grain samples were also ground in the Udy mill with the 0.5 mm

screen.

Due to time and budget constraints, the spring pot experiment was the only

experiment to undergo full analysis. These data along with data from parallel field studies

will be analyzed before a decision is made to put resources, in the form of time and

money, into further analysis of greenhouse samples. The spring pot plant samples were

analyzed for nitrogen concentration at the OSU Central Analytical Lab using a Leco CNS

analyzer. The resultant data was then entered into an Excel spreadsheet, and nitrogen

uptake was determined using dry matter weight and percent nitrogen values. Analysis of

data was performed using MSUSTATS, a Montana State University statistics program.

Standard least square means analysis was used. A 5% significance level was used for

least significant difference determination.

Harvest indices (HI) were calculated for both dry matter and nitrogen content.

Dry matter harvest indices were calculated for both the 3-stem plant samples and total

plants. Total dry matter HI was calculated by dividing total grain weight by total plant
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dry matter. The 3-stem dry matter HI was calculated by dividing 3-stem grain weight by

the 3-stem plant dry matter. Nitrogen harvest indices were also calculated for the

varieties. Nitrogen harvest indices were calculated by dividing the nitrogen in grain by

total nitrogen in tissues for both the 3-stem and the total plant.
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Results and Discussion

Section I: Chlorophyll Meter Data

SPAD Meter Readings (Tables 1 and 2)

The chlorophyll meter experiment proved inconclusive. While anthesis SPAD readings

of the plants harvested at anthesis showed a significant difference between the hard white

wheats (Table 1; ID0377S, Winsome) and the other varieties (Penawawa, WPB936), the

parallel set of data on plants taken to maturity (Table 2) showed no differences. There

was no significant difference among any of the varieties for the next four weeks (Table

2). Penawawa had a significantly lower SPAD reading than the other varieties in week

five; however, this was probably caused by a powdery mildew infection that began to

cover the Penawawa leaves. The chlorophyll meter functions by reading the transmission

of green light. Powdery mildew, a brownish colored, leaf spotting fungus common in

greenhouse environments, would interfere with transmission of light.

The lack of significant data in the chlorophyll readings demonstrates that

chlorophyll meter may not be suited to measuring small variety differences or the

differences were insignificant due to the conditions of this study. The chlorophyll meter

lacks either the precision necessary to assess the difference in nitrogen levels or the

difference in nitrogen levels are too small to affect the chlorophyll levels. Also, the high

nitrogen conditions of the study generated a greater than normal amount of chlorophyll in

the plants. The ability of the SPAD meter to detect chlorophyll differences falls off in

high nitrogen / high chlorophyll environment such as those created in this study. This

suggests the possibility that the leaf tissue was saturated with so much chlorophyll that

differences in green light adsorption would not be detectable by a SPAD meter.



Table 1. SPAD, dry Matter, percent nitrogen and total nitrogen content at anthesis for greenhouse grown spring wheats.
Anthesis SPAD(%) Dry Matter (q/plant) Percent N Total N (calc. g/plt)

Variety Date Anthesis Head Leaf Stem Total Head Leaf Stem Avera a Head Leaf Stem Total
ID0377S 2/1/2000 49.70 0.79 1.93 1.09 3.80 4.57 3.01 2.88 3.30 0.04 0.06 0.03 0.13

Penawawa 2/11/2000 46.60 1.60 4.51 2.89 9.00 4.43 2.93 2.62 3.11 0.07 0.13 0.08 0.28
WPB936 1/27/2000 47.26 0.48 1.47 0.79 2.74 4.49 2.86 2.74 3.11 0.02 0.04 0.02 0.09
Winsome 2/5/2000 49.85 0.87 2.29 1.33 4.49 4.56 2.54 2.58 2.93 0.04 0.06 0.03 0.13

Mean 48.35 0.94 2.55 1.53 5.01 4.51 2.83 2.71 3.11 0.04 0.07 0.04 0.16
PLSD 1.74 0.52 0.85 0.75 1.62 NS 0.33 NS NS 0.02 0.03 0.02 0.04

CV 2 36 22 32 21 5 8 9 6 33 23 32 18
P-Value 0.00 0.00 0.00 0.00 0.00 0.78 0.04 0.30 0.08 0.00 0.00 0.00 0.00

Table 2. SPAD percentage at anthesis and one week intervals thereafter for greenhouse grown spring wheats.

SPAD SPAD SPAD SPAD
Variety Anthesis Anthesis +1 Anthesis + 2 Anthesis + 3

ID0377S 49.13 47.83 50.23 51.91

Penawawa 49.80 49.90 51.28 51.67
WPB936 48.85 48.41 50.25 50.29
Winsome 50.34 48.45 52.60 52.58

SPAD SPAD
Anthesis + 4 Anthesis + 5

51.48 52.30

51.19 28.71
48.04 48.88
52.48 50.85

Mean 49.53 48.65 51.09 51.61 50.79 45.18
PLSD NS NS NS NS NS 10.66

CV 3 6 4 5 6 15
P-Value 0.55 0.75 0.31 0.70 0.21 0.00
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Section II: Anthesis Data

Dry Matter Weights (Table 1)

Anthesis total dry matter had trends that continued through the rest of the varieties

growth. The total dry matter of Penawawa was twice the weight ofany other variety.

Winsome showed a greater weight as well, and was significantly heavier than WBP936.

ID0377S was moderate in weight and showed no significant difference from either the

WPB936 or Winsome.

The dry matter weights for the individual plant parts affirmed the trends seen in

total dry matter. Penawawa had significantly more head, leaf, and stem tissue than the

other varieties, with the greatest difference in stem dry matter. WPB936 had the lowest

amount of head, leaf and stem dry matter. Winsome and ID0377S were greater than

WPB936 in all weights, but not significantly different from each other.

Percent Nitrogen Concentration (Table 1)

The percent nitrogen of anthesis plants was similar in most respects. Average

percent nitrogen on a whole plant basis was similar among all varieties with no

significant differences. Plant part samples, with leaf tissue the exception, showed no

significant differences. The percent nitrogen content of the leaf tissue of ID0377S and

Penawawa was significantly higher than the percent nitrogen content of Winsome.

Winsome had the lowest leaf percent nitrogen content at anthesis.

Total Nitrogen (Table 1)

The total nitrogen content of plants was calculated from the percent nitrogen and

dry matter weights. Results are similar to the dry matter weights and indicate that the
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differences in total plant nitrogen are primarily due to differences in dry weight.

Penawawa has greater total nitrogen content than the other varieties. Winsome was

significantly higher in total nitrogen content than WPB936. ID0377S showed no

significant difference from either Winsome or WPB936. The individual plant parts

showed the same trend as seen in dry matter. Penawawa had significantly higher head,

leaf and stem nitrogen contents.

Anthesis Summary

The anthesis samples showed a number of trends, many that continued through to

the mature plants. Penawawa's greater capacity for tillering (see Table 3) leads to its

disproportionate size. WPB936 appears to produce a much smaller plant with low dry

matter content. Differences in percent nitrogen storage were limited to the leaf tissue,

with Winsome having a lower percentage than other varieties. Winsome's high dry

weight does not appear to be the result of increased tillering like Penawawa, but to

increased tiller size.
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Section III: Maturity Data

Dry Matter Weights (Tables 3-5, Figure 1)

Data collected at maturity showed many significant differences among the wheat

varieties, but showed the same trends as seen at anthesis. The 3-stem maturity data show

a number of significant points, and are free of the confounding effect caused by

differences in tillering (Table 3). WPB936 had a lower 3-stem grain yield than other

varieties (Table 4). This was not unexpected as field data typically show lower yields for

hard red springs but a higher protein content (Table 5; Karow et al, 1999, 2000;

Bassinette et al, 2001). WPB936 was also significantly lower in stem dry weight, again

suggesting a smaller tiller size (Table 4). Penawawa had significantly more 3-stem leaf

dry weight than either ID0377S or WPB936. WPB936 had the lowest dry leaf weight

and was significantly lower than either Penawawa or ID0377S, again suggesting small

plant size.

Table 3. Tiller number at maturity for greenhouse grown spring wheats
Variety Maturity Dates Tiller Number

IDO377S 4/11/2000 6.5
Penawawa 4/10/2000 14.4
WPB936 3/31/2000 8.4
Winsome 4/9/2000 6.4

Mean 8.9
PLSD 2.4

CV 17
P-Value 0.00



Table 4. Dry matter (g), percent nitrogen and calculated total nitrogen uptake (g) at maturity for the three most mature plant stem and other stems for greenhouse grown
spring wheat

Variety 3-stem 3-stem 3-stem 3-stem 3-stem Total 3-stem HI Other Other Stem Other Other Stem Total Other Total Total Total
grain leaf, chaff leaf stem 3-stem Stem leaf,chaff, Stem leaves, other Stem HI plant grain plant HI

chaff grain tillers chaff tillers Stem

Dry matter(g)
1D0377S 7.40 3.61 1.54 2.17 2.05 13.19 0.57 3.21 5.08 1.60 3.48 8.29 0.37 21.48 10.61 0.49

Penawawa 6.64 4.04 1.31 2.73 2.21 12.88 0.52 5.01 11.87 2.52 9.35 16.88 0.30 29.76 11.65 0.39
WPB936 4.91 3.13 1.25 1.88 1.45 9.49 0.52 1.60 4.26 1.59 2.67 5.86 0.28 15.35 6.51 0.42
Winsome 7.41 4.09 1.71 2.38 2.10 13.59 0.55 5.28 5.27 1.82 3.45 10.54 0.49 24.13 12.69 0.53

Mean 6.59 3.72 1.45 2.29 1.96 12.29 0.54 3.78 6.62 1.88 4.74 10.40 0.36 22.68 10.37 0.46
PLSD 1.13 0.65 NS .0.43 0.37 1.42 NS 1.97 1.75 0.62 1.23 2.66 0.14 3.18 2.40 0.08
CV 11 11 19 12 12 7 7 34 17 22 17 17 26 9 15 11

P-Value 0.00 0.03 0.12 0.01 0.00 0.00 0.19 0.01 0.00 0.02 0.00 0.00 0.02 0.00 0.00 0.01

Percent nitrogen
100377S 3.45 1.68 -- -- 0.84 2.53 -- 3.97 2.53 - -- 3.07 -- 2.59

Penawawa 3.28 1.82 -- -- 0.95 2.42 -- 3.67 2.40 -- -- 2.78 -- 2.54
WPB936 3.52 2.32 -- -- 1.21 2.77 -- 3.77 2.85 -- - 3.11 -- 2.90
Winsome 3.03 1.69 -- -- 0.98 2.32 -- 3.72 2.01 -- -- 2.87 -- 2.56

Mean 3.32 1.88 -- -- 0.99 2.51 -- 3.78 2.45 -- -- 2.96 -- 2.65
PLSD 0.24 0.35 -- -- 0.23 0.21 -- NS 0.51 -- -- NS -- NS

CV 5 12 -- -- 15 5 -- 6 13 -- -- 9 -- 14
P-Value 0.00 0.01 -- -- 0.03 0.00 -- 0.24 0.02 -- -- 0.26 -- 0.50

Total nitrogen uptake (g)
100377S 0.26 0.06 -- -- 0.017 0.33 0.76 0.13 0.13 -- -- 0.26 0.47 0.59 -- 0.64

Penawawa 0.22 0.07 -- -- 0.020 0.31 0.70 0.18 0.29 -- -- 0.47 0.39 0.78 -- 0.52
WPB936 0.17 0.07 -- -- 0.017 0.26 0.66 0.06 0.12 -- -- 0.18 0.33 0.44 -- 0.53
Winsome 0.22 0.07 -- -- 0.021 0.32 0.72 0.19 0.11 -- -- 0.30 0.64 0.62 -- 0.68

Mean 0.22 0.07 -- -- 0.019 0.31 0.71 0.14 0.16 -- -- 0.30 0.46 0.61 -- 0.59
PLSD 0.04 NS -- -- 0.004 0.05 0.07 0.07 0.07 -- -- 0.10 0.17 0.11 -- 0.10

CV 12 19 -- -- 15 10 7 34 27 -- -- 21 24 13 -- 11

P-Value 0.01 0.62 -- -- 0.00 0.03 0.05 0.01 0.00 -- -- 0.00 0.01 0.00 -- 0.01
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Table 5. Average yield data (percent of trial average) and (NIR determined) grain protein
concentrations for

field studies conducted over 3-year period as part of the OSU statewide cereal variety testing program.
1998 1999 2000 Average Average

(8-site) (11-site) (11-site) over 3 years over 3
ars

Yield Protein Yield Protein Yield Protein Yield

ye
Protein

I DO377S 97 12.9 104 12.3 110 12.1 104 12.4

Penawawa 97 11.2 104 10.9 95 11.3 99 11.1
WPB936 94 13.8 97 13.6 88 13.7 93 13.7
Winsome 89 12.3 100 11.4 114 11.4 101 11.7

Site mean 3897 12.1 4166 11.8 4770 11.3 4300 11.7
(kg/ha) or

% Protein
(Karow et al, 1999, 2000; Bassinette et al, 2001)

The "other plant" material had similar trends to those seen in the anthesis

samples. "Total other stem" biomass (Table 4, Figure 1) had the expected results with

Penawawa having significantly higher biomass and WPB936 having a significantly lower

biomass than the other varieties. Penawawa had a significantly higher amount of chaff,

due to its greater number of heads, and a significantly higher amount of other dry matter,

due to its greater number of tillers (Table 3).

Differences in "other stem" grain weights are interesting. Winsome produced the

most "other stem" grain, significantly more than ID0377S or Penawawa. WPB936 had

the least amount of grain, significantly less than the Winsome or Penawawa. Winsome's

high grain weight cannot be attributed to a higher number of tillers as the tiller number is

similar to that of ID0377S or WPB936 (Table 3), therefore, this suggests that Winsome

is better able to carry tillers to productive maturity. Penawawa had a high number of

tillers, but a low grain weight in the "other stems".
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There was no significant difference in HI in the 3-stem plant samples. Penawawa

and WPB936 had significantly lower total dry matter HI. Penawawa and WPB936 are

significantly less efficient at grain production than the Winsome and ID0377S. This

inefficiency apparently is due to inability to finish secondary tillers, as main stems had

equivalent HI to other varieties.

Tiller Size (Figure 2)

The tiller number and size of the plant were the two factors that directly influence

the amount of dry matter the plant produced. By taking the total dry matter and dividing

by tiller number a average tiller size could be determined. The average tiller size of the

plants differed greatly with ID0377S and Winsome having a much greater tiller size.

Penawawa and WPB936 had comparatively low tiller size.

Percent Nitrogen Concentration (Table 4)

The wheat varieties had major differences in percent nitrogen. Average percent

nitrogen in total plant matter was not different, but there were numerous differences in

the different plant part samples.

The grain samples showed significant differences in the 3-stem samples and no

clear differences in the "other stem" grain samples. Winsome was significantly lower

than all other varieties in 3-stem grain nitrogen percent. Winsome was even lower than

Penawawa, a soft white spring, is unexpected (See table 3). WPB936 had the highest 3-

stem grain nitrogen percent, not unexpected for a hard red spring variety. The lack of

significant difference in the "other stem" grain samples may be explained by the maturity

of the grain in the samples. The "other grain" samples contained all grain regardless of
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seed maturation or viability. Much of the grain was shrunken and underdeveloped. This

would lead to a higher nitrogen percentage.

WPB936 3-stem leaf and chaff nitrogen percent values as well as 3-stem stem and

total 3-stem values were higher than those of other varieties. A similar trend was seen in

"other stem" tissues. This suggests that WPB936 is not as efficient as the other varieties

in translocating N from vegetative tissue to grain. Winsome tended to have lower leaf

and chaff nitrogen percent levels, suggesting efficient translocation, of nitrogen from

vegetative tissue to the grain.

Total Nitrogen (Table 4)

The total nitrogen content of plants was calculated from dry matter and percent

nitrogen values. These data allows us to make determinations of the gross nitrogen

uptake and translocation through a plant. The 3-stem values allow us to see differences

in tillers that have reached maturity. The 3-stem grain total nitrogen values of WPB936

were significantly less in total grain nitrogen than the other varieties. ID0377S had

significantly higher total grain nitrogen than the other varieties. The 3-stem total nitrogen

in the leaf and chaff were not different, while there were slight differences in the stem

data. Winsome had higher 3-stem stem nitrogen content than ID0377S or WPB936 but

the differences were insignificant with regards to the total plant nitrogen.

The total nitrogen "other stem" data show differences that arose primarily from

large differences in dry matter. While the percent nitrogen data had small differences, the

difference in total nitrogen content of the "other stem" data is quite large. WPB936 had
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significantly lower total other grain nitrogen values. This difference is due to the low

total "other grain" weight of WPB936.

The 3-stem nitrogen harvest indices were equivalent, except for WPB936, which

had a significantly lower 3-stem nitrogen harvest index. Winsome and ID0377S total

nitrogen harvest indices were much higher than the WPB936 and Penawawa nitrogen

harvest indices, demonstrating increased nitrogen efficiency in the hard white spring

varieties.

Summary and Conclusions

Data allows us to draw -a number of general conclusions about the varieties in the

study and the differences in their nitrogen uptake and partitioning. While the data are not

definitive, several points can be made.

ID0377S appears to be the most successful producer of high nitrogen grain. The

plant produces a limited number of tillers of average size. Harvest indices for primary

and secondary stem are above average. The percent nitrogen in all ID0377S tissues was

high at anthesis. The percent nitrogen of leaves and stems was low at maturity.

ID0377S appears to be an efficient grain producer with good ability to translocate

nitrogen from vegetative tissues to grain.

Penawawa produced a phenomenal amount of dry matter, nearly double the other

varieties. This is primarily the result of the high number of tillers that the plant produces.

The total dry matter harvest index is low however, and the plant is the most inefficient

variety in overall grain production. Nitrogen translocation appears to be good in primary

stems, but is low in secondary stems.
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WPB936 produced the highest nitrogen content in the smallest amount of grain.

WPB936 is a small plant with a similar number of tillers as ID0377S or Winsome, but a

much lower total dry matter. WPB936 appears to be inefficient in translocating nitrogen

from vegetative tissue as it had the highest concentration of nitrogen in all vegetative

tissues.

Winsome had the highest grain yield but lowest grain nitrogen percent of all

varieties, the latter not desirable for a hard white wheat variety. The fact that Winsome, a

hard white spring, outproduced Penawawa, a soft white spring variety, is significant.

This variety has a high total dry matter, and harvest index, marking it the most efficient

grain producer. The other tillers, while appearing to be a detriment to the other varieties,

are actually as productive as the main tillers in the Winsome variety (0.55 versus 0.53

HI). The total nitrogen that Winsome allocated to its grain was similar to the other

varieties, but the percent nitrogen in the grain was low. This suggests the idea that

Winsome, while generating a large amount of grain, lacks the necessary nitrogen reserves

to provide a high nitrogen concentration in the grain.

The biggest difference among varieties was in dry matter production and the

nitrogen and dry matter harvest indices. Varieties showed significant differences in

tillering rate and ability to produce a mature tiller with developed grain. There were few

differences in nitrogen concentration in tissues, but there were differences in nitrogen

translocation.

Overall, the allocation of nitrogen by a wheat variety has profound effects on the

protein concentration. The most significant determinate of nitrogen concentration

appears to be grain yield. Varieties with high grain yields and dry matter harvest indices
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diffuse their available nitrogen among more grain than low yielding varieties. Pre-

anthesis nitrogen storage played a major factor also, with varieties benefiting from an

efficient storage system.

These data demonstrate that wheat varieties use very different strategies to

produce grain and dry matter. If the goal of the plant breeder is to produce high amounts

of high protein grain, ID0377S appear to be the plant model to follow. ID0377S puts

the most resources into primary stem production but does fill secondary stems. ID0377S

is also efficient at translocating N from vegetative tissue to grain.
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Appendix A: Fertilizer Analysis

Grow More Fertilizer Osmocote

Grow More Scotts - Sierra Horticultural

Products Company

1500 New Century Drive 1411 Scottstown Road

Gardena, CA 90248 Marysville, OH 43041

Nutrient % Nutrient %

Nitrogen 20 Nitrogen 14

Ammonia 3.9 Ammonia 8.2

Nitrate 5.9 Nitrate 5.8

Urea 10.2 Phosphoric Acid 14

Phosphoric Acid 20 Soluble Potash 14

Soluble Potash 20

Magnesium 0.030

Boron 0.006

Copper 0.0049

Iron 0.055

Manganese 0.025

Molybdenum 0.001

Zinc 0.003



Appendix B: Anthesis Raw Data

reading
SPAD

Total DM
TOTDM

Head
HEADD

Leaf
LEADD

Stem
STEMD

Head Leaf Stem Head
HEADN LEAFN% STEMN HEADN

Leaf
LEAFN

Stem
STEMN

total
TOTN

M M M % %
ID0377S 1 51.90 3.06 0.67 1.38 1.01 4.63 2.78 2.86 0.0310 0.0384 0.0287 0.0981
ID0377S 2 49.60 3.95 0.89 1.86 1.20 4.48 2.84 2.55 0.0396 0.0528 0.0306 0.1231
ID0377S 3 49.05 3.57 0.61 2.13 0.84 4.59 3.28 3.35 0.0278 0.0697 0.0280 0.1254
ID0377S 4 48.25 4.65 1.01 2.34 1.30 4.56 3.14 2.77 0.0461 0.0733 0.0360 0.1554
Penawawa 1 45.60 8.27 1.55 5.11 1.62 4.51 3.21 2.45 0.0699 0.1639 0.0396 0.2733
Penawawa 2 45.65 6.94 0.93 3.21 2.81 4.59 3.16 2.90 0.0427 0.1013 0.0813 0.2253
Penawawa 3 46.45 9.93 1.66 4.59 3.68 4.49 2.80 2.57 0.0745 0.1285 0.0944 0.2975
Penawawa 4 48.70 10.88 2.28 5.14 3.46 4.13 2.56 2.55 0.0940 0.1316 0.0882 0.3138
WPB936 1 47.05 2.52 0.41 1.38 0.74 4.05 2.83 2.60 0.0164 0.0389 0.0192 0.0746
WPB936 2 46.95 3.25 0.60 1.75 0.90 4.66 2.85 2.90 0.0280 0.0499 0.0261 0.1039
WPB936 3 47.10 1.89 0.35 0.92 0.62 4.79 2.82 2.51 0.0168 0.0259 0.0156 0.0583
WPB936 4 47.95 3.29 0.57 1.83 0.90 4.45 2.93 2.96 0.0254 0.0535 0.0265 0.1053
Winsome 1 49.80 4.84 1.08 2.27 1.50 4.56 2.51 2.38 0.0492 0.0569 0.0356 0.1417
Winsome 2 50.25 4.93 0.96 2.54 1.43 4.52 2.57 2.61 0.0432 0.0653 0.0373 0.1458
Winsome 3 50.25 3.46 0.42 1.96 1.08 4.37 2.33 2.62 0.0184 0.0457 0.0282 0.0922
Winsome 4 49.10 4.72 1.01 2.39 1.33 4.77 2.73 2.71 0.0479 0.0651 0.0360 0.1491

Mean 48.35 5.009 0.9375 2.55 1.526 4.509 2.834 2.706 0.0419 0.0725 0.0407 0.1552
P-Value 0.0024 0 0.0033 0 0.0002 0.784 0.0391 0.3029 0.0023 0 0.003 0
CV 2.33 21 35.66 21.68 31.93 4.676 7.528 8.686 32.85 23.44 31.84 18.47
PLSD 1.736 1.621 0.515 0.8519 0.7509 0.3248 0.3286 0.3621 0.02122 0.0262 0.01997 0.04416



Appendix C: Raw SPAD Data

Variety Rep
Anthesis

SPAD
Anthesis
SPAD2

Anthesis
SPAD3

Anthesis
SPAD4

Anthesis
SPAD5

Anthesis
SPAD6

1DO377S 1

Reading
50.80

reading
49.90

Reading
51.40

reading
53.50

reading
52.95

reading
53.45

1DO377S 2 50.25 47.85 50.95 50.35 52.25 52.85
1DO377S 3 47.55 46.65 49.55 50.10 50.30 51.10
1DO377S 4 47.90 46.90 49.00 53.70 50.40 51.80
Penawawa 1 47.35 47.95 49.70 47.90 48.95 48.35
Penawawa 2 51.75 50.60 54.80 58.10 56.45 24.50
Penawawa 3 48.50 53.85 53.60 287.80 54.35 25.20
Penawawa 4 51.60 47.20 47.00 47.35 45.00 16.80
WPB936 1 50.55 48.95 50.40 49.65 45.50 48.60
WPB936 2 47.70 49.15 50.30 50.50 49.35 50.80
WPB936 3 47.65 47.20 50.95 50.45 47.95 47.35
WPB936 4 49.50 48.35 49.35 50.55 49.35 48.75
Winsome 1 49.80 49.30 52.10 51.95 52.00 51.40
Winsome 2 51.00 50.35 53.70 52.80 54.20 48.45
Winsome 3 50.15 42.15 52.45 53.50 52.60 52.00
Winsome 4 50.40 52.00 52.15 52.05 51.10 51.55

Mean 49.53 48.65 51.09 51.61 50.79 45.18
P-Value 0.5538 0.7528 0.3116 0.6956 0.2112 0.0013
CV 3.173 5.712 3.81 5.324 5.72 15.32
PLSD 2.421 4.281 2.999 4.233 4.476 10.66



Appendix D: Mature Dry Weights Raw Data

Variety Rep Maturity
TDM

Maturity
3 stem TDM

Maturity
3 stem grain

Maturity
3 stem chaff

Maturity
3 stem leaf

Maturity
3 stem stem

Maturity
other grain

Maturity
other chaff

Maturity
other DM

1DO377S 1 21.38 14.28 8.63 1.61 2.13 1.92 4.47 1.35 3.23
1DO377S 2 20.57 12.77 7.52 1.20 2.07 1.95 3.80 2.01 3.36
1DO377S 3 19.61 12.95 6.74 1.67 2.16 2.27 1.36 1.45 3.85
1DO377S 4 33.85 12.78 6.72 1.67 2.31 2.08 3.21 1.60 3.48

Penawawa 1 30.39 12.82 7.34 1.13 2.33 2.06 4.06 1.84 7.46
Penawawa 2 30.46 12.10 6.01 1.24 2.86 2.00 5.72 2.59 10.05
Penawawa 3 29.57 12.15 5.73 1.55 2.70 2.17 4.45 2.74 10.24
Penawawa 4 32.86 14.47 7.48 1.32 3.05 2.62 5.83 2.92 9.65
WPB936 1 16.19 9.78 5.29 1.04 2.03 1.43 1.08 2.05 3.28
WPB936 2 14.40 9.01 3.96 1.49 1.90 1.67 1.68 1.56 2.16
WPB936 3 16.15 9.33 5.14 1.28 1.83 1.09 2.21 1.58 3.03
WPB936 4 14.66 9.86 5.27 1.19 1.78 1.63 1.43 1.17 2.22
Winsome 1 21.14 13.12 7.46 1.69 2.05 1.93 4.02 1.51 2.50
Winsome 2 24.49 14.60 7.60 2.32 2.47 2.21 3.24 2.47 4.19
Winsome 3 27.10 14.55 7.66 1.55 2.97 2.39 6.95 1.85 3.75
Winsome 4 23.80 12.10 6.91 1.29 2.04 1.87 6.91 1.45 3.35

Mean 23.54 12.29 6.591 1.452 2.293 1.956 3.776 1.884 4.737
P-Value 0.0007 0.0001 0.0012 0.1247 0.0068 0.0035 0.005 0.0218 0
CV 15.59 7.472 11.1 19.17 12.13 12.36 33.86 21.53 16.88
PLSD 5.654 1.415 1.127 0.4289 0.4283 0.3724 1.97 0.6249 1.232



Appendix E: Maturity Nitrogen Raw Data
Variety Rep Percent N Total N

3-Stem Leaf 3-Stem 3-Stem Other Other DM 3 Stem Leaf
(calc. g/plt)

3-Stem Stem 3-Stem Other Other DM Total N
+Chaff Stem Grain Grain + Chaff +Chaff Grain Grain + Chaff

ID0377S 1 1.62 0.77 3.44 3.94 2.60 0.0605 0.0147 0.2967 0.1761 0.1191 0.6672
ID0377S 2 1.91 0.88 3.38 4.13 2.67 0.0624 0.0172 0.2542 0.1569 0.1432 0.6339
ID0377S 3 1.56 0.90 3.26 3.85 2.33 0.0597 0.0204 0.2197 0.0524 0.1235 0.4756
ID0377S 4 1.63 0.82 3.72 3.97 2.53 0.0649 0.0171 0.2500 0.1275 0.1287 0.5882

Penawawa 1 1.94 1.01 3.42 3.58 2.09 0.0670 0.0208 0.2510 0.1452 0.1943 0.6783
Penawawa 2 2.02 1.20 3.16 3.67 2.59 0.0827 0.0239 0.1898 0.2099 0.3274 0.8337
Penawawa 3 1.62 0.85 3.30 3.83 2.54 0.0689 0.0184 0.1891 0.1702 0.3297 0.7763
Penawawa 4 1.71 0.72 3.25 3.60 2.38 0.0747 0.0188 0.2431 0.2097 0.2992 0.8455
WPB936 1 2.37 1.02 3.77 3.76 3.00 0.0726 0.0145 0.1992 0.0406 0.1599 0.4869
WPB936 2 2.67 1.23 3.60 4.03 3.24 0.0904 0.0205 0.1424 0.0677 0.1204 0.4413
WPB936 3 2.11 1.45 3.41 3.64 2.59 0.0655 0.0157 0.1751 0.0804 0.1194 0.4562
WPB936 4 2.12 1.12 3.29 3.65 2.58 0.0629 0.0182 0.1732 0.0520 0.0872 0.3935
Winsome 1 1.41 1.03 3.06 3.45 1.89 0.0526 0.0198 0.2283 0.1387 0.0757 0.5151
Winsome 2 2.02 0.98 3.03 4.07 2.70 0.0968 0.0217 0.2303 0.1317 0.1797 0.6600
Winsome 3 1.83 1.03 3.11 3.95 1.97 0.0825 0.0246 0.2381 0.2745 0.1103 0.7300
Winsome 4 1.50 0.88 2.93 3.39 1.49 0.0499 0.0164 0.2023 0.2342 0.0714 0.5743

Mean 1.878 0.9931 3.321 3.782 2.449 0.0696 0.0189 0.2177 0.1417 0.1618 0.6097
P-Value 0.0061 0.0268 0.0044 0.2417 0.0248 0.6183 0.004 0.0077 0.0071 0.0002 0.004
CV 12.22 14.72 4.765 5.586 13.41 19.48 14.66 12.38 33.98 26.88 12.51
PLSD 0.3536 0.2252 0.2438 0.3255 0.506 0.02089 0.00427 0.0415 0.0742 0.06701 0.11275



Appendix F: Tiller Maturity Data at Harvest'

Head maturity (pot average) for spring varieties
Variety Rep Pre-Anthesis - Anthesis Watery Ripe-Hard Dough Kernell Hard-Harvest Ripe

ID0377S 1 1 1 3.5
ID0377S 2 0.5 3.5 3

IDO377S 3 2 6 4
IDO377S 4 1 3 4
Penawawa 1 2 3.5 5.5
Penawawa 2 2.5 8.5 6
Penawawa 3 2.5 8 5

Penawawa 4 3 5 6
WPB936 1 0 2.5 4
WPB936 2 2 5.5 3

WPB936 3 0 4.5 2.5
WPB936 4 0 5.5 2.5
Winsome 1 0 3 2.5
Winsome 2 0 4 3.5
Winsome 3 0 1.5 4.5
Winsome 4 0 3 3

'Maturity was defined as yellowing of the peduncle of the three most mature stems. The data shows the range of maturity in other tillers at maturity. For

example all Winsome tillers were at watery-ripe or beyond while Penewawa had many immature, green tillers.


