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Stand establishment plays a significant role in the development

and yield of winter wheat (Triticum aestivum L.). Availability of

soil moisture to the germinating seed is one of the most critical

factors affecting stand establishment. Water injection is a method

of applying supplemental moisture to the soil in direct contact with

the seed by injecting small amounts of water into seed-zone at

planting. The purpose of this study was to evaluate water injection

as a means of enhancing stand establishment by improving soil

moisture conditions surrounding the germinating seed. Several water

injection and combinations of water with liquid starter fertilizer

treatments were compared with a check which received no water, under

different soil water potential treatments in growth chambers and in

field studies. Two soft white winter wheat cultivars, Faro and

Stephens, were compared.



In preliminary experiments water was added to the seed-zone of

dry soil (-11 bars) at rates of 20, 30, 40, 50, and 60 ml/m row in

one experiment 30, 40, 50, 60, and 70 ml/m row in another (soil at

-15 bars). These treatments increased seed-zone moisture content

immediately after adding water and the moisture remained higher for

9 days. Thus, it appeared that water injection should be effective

in hastening imbibition by seeds. Subsequently, 40, 50 and 60 ml/m

row water only and combination of each water rate with 5 ml/m row

of a liquid fertilizer mixture, 10-34-0, improved stand establishment

over the check under -11 and -15 bars soil moisture potentials.

Higher concentrations of liquid fertilizer depressed germination

and emergence rate. These studies were done in growth chambers.

Water alone at rate of 50 ml/m and the combination of 50 ml/m

water plus 5 ml/m 10-34-0 treatments, resulted in greater stand

establishment, plant growth and yield compared to the check under

-11 bars tension in 1979-80 field study. Cultivars did not differ

in stand establishment and plant growth due to water or water plus

fertilizer injection.

Both 20 and 40 ml water only treatments improved stand estab-

lishment over the check, but the 40 ml water/m row rate resulted

in the greatest emergence and gave the highest emergence rate index

under -11 and -9 bars tension in 1980 growth chamber study and

1980-81 field study, respectively. The 40 ml water/m row alone and

the combination of 40 ml water/m row with low rates of fertilizer

improved plant development, leaf P content and yield over the checks

under -9 bars tension in 1980-81 field study.



All three water injections at rates of 20, 40 and 60 ml/m in

1981-82 field study increased seed-zone moisture content, and

improved imbibition, stand establishment and seedling growth over

the check in fallowed (-6 bars) and non-fallowed (-8 bars).
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THE EFFECT OF WATER INJECTION AT SEEDING IN DRY SOIL ON THE
GERMINATION AND GROWTH OF WINTER WHEAT (TRITICUM AESTIVUM L.)

INTRODUCTION

Wheat (Triticum aestivum L.) is the most important food crop

in the world. The success of a winter wheat crop is initially

dependent on the establishment of uniform, vigorous stands. Rapid

and uniform emergence is desired to establish vigorous stands,

capable of anchoring the soil before winter begins. Under rainfed

conditions of arid and semi-arid regions, low soil moisture often

limits germination. Vast areas in the Middle East, Australia and

North America are characterized by limited rainfall during late fall,

when winter wheat is sown.

The germination, emergence, and establishment phase of winter

wheat seed is critical because, indirectly, it determines the density

of the crop stand. Stand establishment is a major problem of winter

wheat production in the wheat-fallow areas of the Pacific Northwest.

A wheat-fallow rotation is generally used in some areas of Columbia

Basin in Oregon, rather than annual cropping, due to the lack of

precipitation. Annual precipitation at the Sherman Agricultural

Experiment Station, where the field experiments reported herein

were conducted, is approximately 270 mm. Seed zone soil moisture

measurements conducted during several seasons with varying fallow

moisture levels indicated that the usual range of soil moisture at

seeding is 7 to 9% by weight. This is equivalent to a soil water

potential of -15 to -5 bars (see Figure 1).
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Stand is influenced by many environmental factors, but the

availability of soil water has a major effect on germination and

subsequent emergence. Because of inadequate late-summer soil

moisture, wheat is seeded in furrows 10 to 13 cm deep in many areas.

The drier the soil close to the surface, the greater the planting

depth, which prolongs time of emergence.

Germination and seedling establishment can be pictured as a

competition between the processes of water uptake by the seed and

of the root elongation of the seedling, on the one hand, versus the

simultaneously occurring process of atmospheric evaporation of soil

moisture, on the other hand. Bowen (1966) states that the physical

environment of a germinating seed can be adequately described in

terms of four edaphic factors: soil moisture, soil temperature, soil

aeration, and soil impedance. These factors, in turn, are influenced

by soil type, cultural practices, and weather patterns. Soil

moisture not only influences germination but affects the rate of

initial seedling growth after germination. Thus, optimum soil

moisture availability during germination and emergence of wheat is

critical not only to stand establishment but also may play a sig-

nificant role in determining crop development and grain yield.

Germination of seeds may be considered as consisting of three

stages: 1) imbibition, during which the rate of water absorption

is governed by the seed's endosperm or cotyledons moisture content

and is the same for viable and non-viable seeds; 2) enzymatic

initiation of meristematic activities; and 3) growth, which begins

with cell division and lead to radicle elongation and emergence
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through the seed coat.

It has long been accepted that soil water potential affects the

rate of water uptake by seeds. A decrease in the soil matric

potential will decrease seed water uptake, thereby decreasing the

rate of germination (Collis-George and Sands, 1959). In general,

the rate at which plants can absorb water from a drying soil de-

creases as the soil water potential decreases. When a seed takes

up water from the soil in contact with it, water begins to move

within the soil toward the seed in response to the matric gradients

which are created. As water is absorbed and water potential of the

seed increases from about -1000 bars in air dry seeds to values

just lower than those found in the surrounding soil, the potential

difference between seed and soil decreases drastically, and hence

soil water potential becomes increasingly important (Shaykewich and

Williams, 1971).

Water taken up by seeds moves from soil to seed through the

seed-soil contact zone. It was pointed out by Hadas (1970) that,

for an imbibing seed in soil, the soil water content adjacent to the

seed decreases during water uptake; therefore, seed-soil water

contact, which is a function of soil moisture content, decreases,

lowering the soil to seed water conductivity. It is known that the

area of contact between seed and soil water greatly influences water

adsorption (Sedgley, 1963). Lower water conductivity, or smaller

seed-soil water contact area, will reduce the rate of water uptake

and thus can cause delays in germination ( Hadas and Russo, 1974a).

Water content of the soil affects nutrient transport to the
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root surface by affecting the rate of diffusion of nutrient ions to

the plant root and because of the mass flow of water to the root

carrying nutrients with it. Nutrient ion diffusion rates are

strongly water potential dependent. A second question arises. In

an arid soil the availability of nutrients may be restricted. Could

an additional benefit be derived from adding a starter fertilizer

to germination water?

This work was undertaken to answer the following questions:

1. Can germination be enhanced by adding a small quantity of

water to the soil immediately in the seed zone?

2. If so, what is the minimum amount of water that would be

required?

3. Would a small amount of water added directly to the seed-

zone remain there long enough to affect imbibition and germination?

4. Would greater stands result and thereby, improve crop growth

and yield?

5. Would a starter fertilizer be useful?

The work reported herein involved studies in growth chamber

and in the field. The studies were sequential in the sense that

results of earlier studies were used to design later experiments.
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LITERATURE REVIEW

Moisture Relations of Germination

Brown (1965) found that wheat seeds must imbibe a minimum of

40% water on a wet weight basis, before germination commences.

According to Mayer and Poljakoff (1963) if adequate moisture is

present, wheat imbibes 90% of its water within 10 hours. The build

up of amino acids and reducing sugars, starts between 36 and 48

hours after imbibition starts, and the phosphatase and protease

activities increase after the second day.

The ability of seeds to germinate at low soil moisture contents

varies among species. Hunter and Erickson (1952) concluded that,

at soil water potential lower than that required for germination,

seeds of corn, rice, soybean and sugar beets were unable to imbibe

sufficient moisture to initiate the chemical changes of germination.

This was due, in part, to the slow rate of moisture movement

through the soil to the seed.

Each species of seed appears to have its own threshold water

potential. The threshold values for germination reported by Hunter

and Erickson (1952) are: -12.5 bars for corn, -7.9 bars for rice,

-6.6 bars for soybean, and -3.5 bars for sugar beets. Pawlowski and

Shaykewich (1972) determined the germination rate of wheat at

several water potentials (-0.8, -5.3, -7.8, and -15.3 bars) in two

soils using a semi-permeable membrane. The germination rate was not

affected by decreasing water potential to -7.8 bars on either medium.

At the -15.3 bars potential, the germination rate was considerably
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slower. At a given water potential, the germination rates were the

same for both soils but germination on the membrane system was

faster than on soils at a given water potential. Hydraulic conduc-

tivity was different on the two media, suggesting that hydraulic

conductivity is an important component of soil water stress. Ashraf

and Abu-Shakra (1978) studied seed germination of four wheat

cultivars, "Najah" and "Mexi-pack" (Triticum aestivum L.), and

"Hurani" and "Jori" (Triticum durum L.), under suboptimal tempera-

tures and various levels of simulated moisture stress. They found

total germination was not affected by moisture stress levels as low

as -12 atm, but was significantly reduced at -15 and -18 atm. Rates

of root growth, germination, and respiration were inversely related

to moisture stress.

Moisture Relations of Seedling Emergence

According to Hanks and Thorp (1956), eventual wheat seedling

emergence was nearly identical over a range of soil water contents

between field capacity and the wilting percentage. There was a

direct relationship, however, between the rate of emergence and the

soil water content. Owen (1952) reported 20% germination of wheat

at a soil water potential as low as -30 bars. Lindstrom (1973

reported nearly complete emergence (80%) of "McCall" and "Nugaines"

wheats at a soil water potential as low as -10 bars. Only slight

effects on emergence rate were noted as the soil water potential

dropped from -0.4 to -4.0 bars. The rate of emergence was noticeably

reduced as the potential decreased from -4.0 bars, and the lowest
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water potential at which seedlings emerged was -14.5 bars. His

results suggest that, at soil water potentials above -10 bars,

seedling emergence would not be reduced enough to be of concern to

the farmers. However, the rate of emergence, a criterion that

could greatly influence seedling vigor and, thereby, could affect

yields, could be influenced by water potentials below -4.0 bars.

Soil Properties that Affect Seed Water Relations

Soil moisture potential has two contributing components: osmotic

potential of the soil solution and the matric potential at which

soil water is held. The effect on germination of these two compo-

nents was compared by Gingrich and Russel (1957), who found that a

decrease in matric potential affected corn seed radicle behavior

to a greater extent than did an equivalent decrease of the osmotic

potential, because of the simultaneous change in the capillary con-

ductivity of the soil. Collis-George and Sands (1962) found that

germination rate of seeds on a suction plate at a low matric

potential were much slower than those of seeds exposed to similar

osmotic potential. They further concluded that, in germination of

seeds, osmotic potential does not manifest any restriction on

germination until large concentrations (probably of a toxic nature)

are reached.

Because imbibition is a dynamic process, it becomes clear that

the potential energy of the soil water is not the only factor to

affect seed germination. Rate of water movement in the soil across

the seed-soil interface, and in the seed itself should also be taken
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into account, especially during early imbibition, when the rate of

water uptake is highest. Sedgley (1963) found that improving the

seed-to-soil moisture contact increased the rate of water uptake

and hastened germination. Water taken up by seeds moves from soil

to seed through the contact zone. It was pointed out by Hadas (1970)

that the soil water content adjacent to an imbibing seed decreases,

causing a decrease in the seed-soil water contact.

It has been shown that hydraulic conductivity of the soil is

also important in both seed water absorption and germination. As

soil water potential decreases, so does hydraulic conductivity.

Therefore, one might expect both, soil water potential and soil

hydraulic conductivity to affect the rate of water absorption by

seeds, this is indeed the case. Ward and Shaykewich (1972) deter-

mined water diffusivity and hydraulic conductivity of wheat seeds

in two soils. They found that both water potential and hydraulic

conductivity of the soil influenced the rate of water uptake by

seeds. The effect of soil water potential, hydraulic conductivity,

and seed-water contact area on imbibition and seed germination were

studied by Hadas and Russo (1974a). They concluded that both lower

conductivity and smaller seed-water contact area reduced the rate of

water uptake by seeds and thus delayed germination.

Soaking

Presoaking seed before planting has been reported to increase

germination. Some workers have used water as a soaking agent while

others have used different salt solutions. Several methods of
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soaking have been used by different researchers. Sometimes the seed

was completely immersed in the solution and other times it was

floated on the surface of the liquid.

In the late 1800's several German scientists were experimenting

with presoaking of seed prior to planting. Kidd and West (1918)

reported that seeds swollen in water and sown in the still moist

conditions, germinated more quickly than untreated seeds. Seeds

which were dried rapidly after initial soaking, germinated more

slowly than untreated seeds. In general, seeds soaked in water

previous to germination gave rise to slightly fewer plants than

untreated seeds. If the seeds are redried too rapidly the number

of plants produced may be diminished considerably.

Seeds that absorb an amount of water too small to permit ger-

mination may subsequently dehydrate without apparent loss of via-

bility. Repeated cycles of partial wetting may sometimes help to

dissipate inhibitors, but in other cases may result eventually in the

reduction of germinability. Griffin (1963) found fungal hyphae can

develop at values of matric potential well below those at which seeds

will germinate. In time the fungi can damage the seed so that ger-

mination will not take place even if more water is added.

Moisture Relations of Seedling Growth, Plant Development and Yield

Low soil water availability results in delayed emergence, a

criterion of particular importance in the vigor and subsequent

yielding ability of crops. Guls and Allan (1976) studied the rela-

tionships among emergence rate index (ERI), total stand (TS), culm
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length, coleoptile length, seedling heights, root weight and kernel

weight of 93 wheat (Triticum aestivum L.) lines at four different

water potentials (-2.2, -6.0, -10.2, and -14.4 bars) in the labora-

tory and in three Eastern Washington field situations. They found

that the time required for emergence nearly doubled for each decrease

of water potential of -4 bars within the range studied. Total stand,

coleoptile length, seedling height, and root weight were similarly

progressively reduced as water potential decreased. Total stand,

coleoptile length and seedling height were inconsistently related to

ERI in laboratory tests, but were generally related in the field

tests. Kernel weight was positively correlated with ERI at only two

locations. Jensen (1971) found that decreased levels of soil

moisture resulted in longer emergence times and lower emergence

percentage of cotton (Gossypium spp.) seed. Time of emergence in-

creased beginning with a soil moisture potential of -2 bars. In the

range of -3 to -4 bars the growth rate of the aerial portion of the

seedlings began to decrease significantly, resulting in smaller

seedlings and less vigorous plants. Wanjura et al. (1969) demon-

strated the importance of time required for emergence, seedling vigor,

and seedling growth rate in determining yield potential of a cotton

crop. They reported average survival of cotton to be 87, 70, and

30% respectively, for plants emerging 5, 8 and 12 days after planting.

Relative yields for 5, 8 and 12 day emergence rates were 100, 46,

and 20% respectively.

Plant growth and development are integrated responses to many

aerial and soil environmental factors. Hsiao (1973) reported that
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leaf elongation is the first physiological parameter affected when

plants experience water stress. Leaf growth ceases at sub-threshold

cell turgor potentials. The close positive relationship between

leaf elongation and the increase in plant weight emphasizes the

importance of restricted leaf elongation during water stress. This

is particularly true when the crop is in the seedling stage and the

canopy is not closed because, in those situations, the rate of

increase in photosynthetic area or leaf area index is a major

determinant of the crop growth rate.

Cultivars

Wheat cultivars differ inherently in their response towards

drought. Only those adapted to arid and semi-arid conditions become

established into uniform and vigorous stands during germination

under moisture stress. The importance of the root system for the

maintenance of water balance in the plant and as a characteristic

of drought hardy varieties has been emphasized by some researchers.

Salim, Todd, and Schlehuber (1965) found that root

growth of wheat was correlated with the availability of soil moisture.

The more drought hardy varieties had longer seminal roots and

usually more of them. Lawlor (1973) observed that root growth of

wheat (Triticum aestivum L.) decreased with decreasing osmotic water

potential and stopped at -10 bars in non-saline conditions. Hurd

(1968) showed that the rate of root growth and penetration of root

varied from one cultivar of wheat to another. He suggested that

a rapidly penetrating and extensive root system is essential for

cultivars grown in semiarid areas. The reduction in the rate of
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water uptake under moisture stress appears to be a major factor

influencing the rate of germination and root growth.

Water Injection

To lessen stand establishment problems often encountered with

dry seeding conditions, adding water or water injection into the

seed zone at planting is designed to insure quick and uniform

emergence. There is very little published literature on the

practice of adding water to the seed zone at planting. A one-year

study in Wyoming, investigated the effect of water injection on

stand establishment of dryland sugar beets. It was concluded that

water applied to the seed zone at rates of 45 to 55 gal/acre (420

to 514 1/ha) appeared to be beneficial (Anonymous, 1968). Fowler

(1979) at New Mexico State University, compared water injection

treatments at rates of 94, 187, 281 liters/ha and a combination of

water injection at 94 liters/ha and soil capping, with soil capping,

post-plant irrigation, and a check planting into seedbed moisture

of cotton over three planting dates in 1974 and 1975. His results

showed, that water injection increased stand counts in the linear man-

ner up to 82% over that of the check. Also water injection resulted in

mean lint yield increases as high as 41% in 1974 and 26% in 1975.

Nutrition

The availability of nutrients from the soil is a function of

soil moisture content. Most crops in early growth stages have a

relatively high P requirement. This has been well demonstrated by
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Mengel and Barber (1974) who found that the p requirement per unit

root length of maize was about 10 times higher during the first 20

days of development as compared with the following stage of growth.

A reduction in synthesis of RNA as a result of inadequate P supply

has an impact on protein synthesis. In addition when protein

synthesis is impaired, vegetative growth is also depressed. Thus

plants suffering from P deficiency are small with a limited root

system. Olsen et al. (1962) showed that the diffusion coefficient

for phosphate decreased about eightfold for a twofold decrease in

the volumetric water content for two soils. As the availability of

phosphate in the soil profile is generally rather low, the uptake of

fertilizer P depends much on root growth and the root morphology of

the crop.

The importance of adequate N-nutritive at an early growth stage

of wheat in determining the number of ears per unit area, has been

reported by Stoy (1972). The variability of precipitation during

the fallow period in the dryland region of Eastern Oregon may have

a significant effect on the rate of accumulation of nitrate nitrogen

in the soil profile. The relation between soil nitrogen mineraliza-

tion and matric potential was studied in nine soils by Stanford and

Epsteins (1974). Highest mineralization rates occurred between mat-

ric potential of -0.3 to -0.1 bar, in which range 80 to 90% of the

total pore space was filled with water. They found that, in the

range from optimum soil water content to -15 bars, a linear relation

generally existed between the amount of mineral nitrogen accumulated

and soil water content. With increasing dryness, nitrogen mineral-

ization declined.
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Plants suffering from K deficiency show a decrease in turgor,

and under water stress they easily become flaccid. According to

Pissarek (1973) resistance to drought is therefore poor, and the

affected plants show increased susceptibility to frost damage,

fungal attack and lodging.

Sulfur deficiency results in an inhibition in protein synthesis

of methionine and cysteine.

Under dryland conditions it is often not clear whether yield

depressions are primarily dependent on water stress or on the lack

of available nutrients. A combination of water and liquid nutrients,

can be added or injected into the seed zone at planting as starter

fertilizer to avoid nutrient deficiencies in the seedling stages.

Summary

1. Imbibition requires much water and is dependent on soil water

potential, seed-soil contact zone and conductivity. Dry soil

with low water potential or smaller seed-soil water contact area,

will reduce water conductivity thus limits water content needed

per germination.

2. Rapid and uniform germination establishes vigorous stands,

thereby improve crop development and yield.

3. Nutrient availability is soil moisture dependent. Dry soil

may lack nutrients needed by seedling wheat.
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GENERAL PROCEDURES

To begin this study a series of experiments were conducted in

growth chambers, leading to the design of the first field experi-

ment. A second series of growth chamber studies followed the field

study and the results of those experiments were used in designing

the remaining studies in the field during the final two growing

seasons. Since these experiments lead logically from one to another,

they will be presented and discussed in sequence. Procedures that

were common to several experiments are described in this section.

Growth Chamber Procedures

Growth chamber studies were conducted at Oregon State University,

Corvallis, Oregon. For these studies, Walla Walla silt loam was

obtained from the Sherman Agricultural Experiment Station, Moro,

Oregon. For each experiment a few lots of this soil were adjusted

to soil moisture potentials typical of soils in the area in dry years

at planting time (-11 and -15 bars were chosen), by spraying air-dry

soil with an appropriate amount of water, based on the moisture reten-

sion curve of the soil (Fig. 1) as it was being mixed in a cement

mixer. Before using the soil, it was stored in plastic bag for 24 to

48 hours to allow the moisture to equilibrate throughout the soil mass.

The soil was then placed in a plastic lined 40x20x20 cm con-

tainer, to a depth of 12.5 cm. Six furrows were made in each con-

tainer, 2.5 cm deep, 6 cm apart, and 20 cm long.

Water or water containing fertilizer was added uniformly along

the bottom of the furrow (the amount determined by the treatment).



500:

ul 100

50

1--
4z

ELI I

0 5

14.1

-J
6 0.5

NM/

/IN

NOD

WIN

RIM

W/0

MIND

1111=

I1

Woo

owe

16

0.10
0.10 0.20 0.30

SOIL WATER CONTENT (gig)
0.40

Figure i. Soil moisture tension curve for a Walla Walla silt
loam soil. Moro, Oregon.



17

The treatments were randomized in the furrows. Four replica-

tions were used. The chamber was kept at 15°C during each experi-

ment.

After adding the water or water containing fertilizer, the

furrow was filled with soil of the appropriate water potential and

an additional 2.5 cm of soil added to the entire container. This

created a cover of 5 cm over the wet zone of the soil.

In seedling emergence tests, 11 wheat seeds were placed uni-

formly along the 20 cm furrow before the liquid was added. Initial

emergence began 9 days following planting, and seedlings counts were

made every 24 hours for 13 days following planting.

Field Procedures

Field trials were conducted at Sherman Experiment Station,

Moro, Oregon. Appropriate design was used for each trial. Each

plot or subplot (10x2.74 m) consisted of 6 rows, 45.7 cm apart.

A strip tiller tilled the soil in 10 cm strip to the 10 cm depth

with a 45.7 cm row spacing. Unit planter with double disc openers

placed the seed at the 10 cm depth and a gas (CO2) pressure system

applied a regulated amount of water or combination of water with

liquid starter fertilizer, into the seed zone via a tube at the

base of the planter openers, close to the seed tube. Then the

planter covered the seed with about 5 cm of soil.

Sixty seeds of wheat were planted per meter row. Uniform-

sized seed were used and tested for germination percentage before

planting.
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General Measurements

Emergence of a seedling was considered complete when the

coleoptile penetrated the soil surface. Percent emergence was

obtained by dividing the number of emerged seedlings by the number

of seeds planted per meter row and multiplying the results by 100.

Emergence rate index (ERI) was calculated in a manner outlined by

Maguire (1962). The index was calculated by dividing the percentage

of initial emerged seedlings, newly emerged seedlings and final

emerged seedlings or plants by the number of days they had been

emerged. Then the results were summed. This index is a relative

figure giving more credit to those treatments that emerge faster

than those treatments that emerge slower. Final percent emergence

and emergence rate index were used as indices of stand establishment.

Seed-zone moisture content at planting was measured gravimet-

rically by taking samples with a soil probe from 5 to 15 cm depth

of the soil. Soil samples were oven dried at 105°C for 24 hours in

a forced-air oven.

Height was measured by a ruler from soil level to the tip of

the outstretched leaf.

Leaf samples were taken from 1 m of row. The leaf area was

measured with a Li-Cor Model Li 3000 Portable Area Meter. Leaves

and stems were dried at 60°C for 2 days in a forced-air oven, then

weighed to get dry matter.

Measurements and samplings were selected randomly from 1 m of

row in the four inside rows of each plot or subplot.

The soil from the station was analyzed at 0.S.U. soil labora-
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tory, Corvallis, Oregon; and data are given in Appendix Table 1.

Climatic data were acquired from the Sherman Experiment Station,

Moro, Oregon; and are given in Appendix Tables 2 and 3.
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GROWTH CHAMBER STUDY 1979
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GROWTH CHAMBER STUDY 1979

To begin this investigation, four different experiments were

conducted in growth chambers at Oregon State University, Corvallis,

Oregon in summer 1979.

Moisture Retention in the Seed Zone

The first experiment was conducted to determine if a small

amount of water placed only in the immediate vacinity of the seed

would increase the soil water potential sufficiently and would re-

main near the seed long enough that one could logically expect a

significant effect on imbibition and seed germination.

Materials and Methods

This experiment was conducted in 40 x 20 containers as described

in the general procedure for growth chambers.

Water was added to the furrows at the rate of 0, 30, 40, 50,

60, and 70 ml/m row, to soil at -11 bars water potential, and 0, 20,

30, 40, 50, 60 ml/m to soil at -15 bars water potential. A random-

ized block design was used for each water potential.

The soil over the furrow was sampled daily for 9 days by taking

a 2.5 cm diameter core immediately over the wetted furrow from 5 to

10 cm depth. The samples were oven dried at 105°C, and the percen-

tage of moisture in the sample determined.

Results and Discussion

The results of the seed zone moisture retention experiment are
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given in Table 1. Several points are shown in Table 1. The water

added to the furrow increased the soil moisture content to near 15%

or a water potential of about 0.7 bar (estimated from the soil

moisture retention curve). The water began to move away from the

seed zone immediately but it is important to note that the soil

water content was still a high 10% after 3 days. Although the

moisture content of the wetted soil was significantly greater

statistically after 9 days; it appeared that the water dissipates

from the seed zone for the most part in about 4 days. Nevertheless,

during that period the soil in the seed zone had an appreciably

greater water potential. During that same period of time also, a

seed has a high demand for water for imbibition to occur. Thus, it

appeared from this experiment that small amount of water added to

the dry soil could markedly alter the rate of seed imbibition and

therefore potentially alter the rate of germination.

Germination Tests

The next step was to test the effect of added water on germin-

ation of wheat seeds. Water and fertilizer plus water treatments

were included in this series of experiments.

Materials and Methods

Forty and 50 ml/m row water, and combination of 40 and 50 ml/m

water with varying amounts of liquid ammonium phosphate fertilizer

(10-34-0) were applied to furrows in the containers, as described

in the general procedures for growth chambers, to soil at -11 bars



Table 1. Effect of adding water on seed-zone water content at two water potential levels of Walla Walla
silt loam in a Growth Chamber.

Treatments

Time (days) after adding water

0 1 2 3 4 5 6 7 8 9

Water added
ml/m row

% seed-zone moisture content

-11 bars

*
0 (check) 7.6e 7.5e 7.4e 7.3e 7.3e 7.0d 6.9e 6.8e 6.6e 6.4f
20 15.5dc 11.9d 10.8d 9.6d 9.0d 8.5c 8.0d 7.6d 7.2d 6.6e
30 16.0c 12.5c 11.2c 10.0c 9.2d 8.8bc 8.6c 7.9cd 7.4c 6.8d
40 16.5bc 12.8b 11.5b 10.3c 9.6c 9.1b 8.8bc 8.2bc 7.5bc 6.9c
50 17.0ab 13.0b 11.8a 10.7b 10.0b 9.5a 9.0b 8.5ab 7.6ab 7.0b
60 17.6a 13.4a 12.0a 11.1a 10.3a 9.8a 9.5a 8.7a 7.7a 7.2a

-15 bars

0 (check) 7.1f 7.0e 6.9f 6.8e 6.7d 6.6e 6.5e 6.4f 6.3c 6.2d
30 14.4e 11.5d 9.5e 9.0d 8.7c 8.3d 8.0d 7.4e 7.0b 6.6c
40 15.2d 12.1c 10.1d 9.5c 9.1b 8.9c 8.6c 7.8d 7.2b 6.7bc
50 16.0c 12.5b 10.8c 10.1b 9.6a 9.1b 8.7bc 8.1c 7.4ab 6.8b
60 16.8b 12.8ab 11.2b 10.3ab 9.7a 9.3a 8.9ab 8.3b 7.5a 6.9ab
70 17.6a 13.1a 11.5a 10.5a 9.8a 9.4a 9.0a 8.5a 7.6a 7.0a

* Numbers in the same column followed by the different letter for each water potential are significantly
different at the 1% level.
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water potential; and 60 ml/m water, and combination of it with

10-34-0 were added to the furrows, in the containers with soil at

-15 bars water potential. Each container was a subplot in a split

plot design. Two varieties of wheat were used, Stephens and Faro.

Varieties were the subplot factor. Four replications were used.

The subplot treatments were as follows: check--no water, no

fertilizer added; ONP--40, 50, or 60 ml of water added per meter of

row, no fertilizer; 1NP--each rate of water + 5 ml of 10-34-0 (0.543

g N + 1.021 g P) added per meter of row; 2NP--each rate of water +

10 ml of 10-34-0 (0.087 g N + 2.042 g P) added per meter of row;

4NP--each rate of water + 20 ml of 10-34-0 (2.17 g N + 4.09 g P)

added per meter of row; 8NP--each rate of water + 40 ml of 10-34-0

(4.35 g N + 8.17 g P) added per meter of row.

Results and Discussion

Forty ml of water per meter of row (ONP) and combination of

this amount of water with 5 ml of 10-34-0 (1NP) per meter of row

were added to the residual moisture of the seed-zone at -11 bars

tension resulted in significantly greater emergence and emergence

rate index than that of the check (Tables 2 and 3); however, adding

10 ml of 10-34-0 to that amount of water (2NP) resulted in signifi-

cantly lower emergence and emergence rate index than that of the

check. No seed germinated when higher concentration of 10-34-0

(4NP and 8NP) were added.

When a higher water rate (50 ml/m row) was added at the same

soil water potential (-11 bars), it resulted in not only signifi-



Table 2. The effect of water, and water plus 10-34-0 liquid fertilizer on emergence of winter wheat
cultivars at two different soil water potential levels in a growth chamber.

Emergence

-11 bars -15 bars

Treatments
40 ml/m row
water added

50 ml/m row
water added

60 ml/m row
water added

*
Check 40.13c 39.38d 31.75c
ONP - only water 81.63a 86.88a 81.00a
1NP - 5 ml/m 10-34-0 + water 64.63b 71.50b 64.25b
2NP - 10 ml/m 10-34-0 + water 27.38d 48.25c 38.75c
4NP - 20 ml/m 10-34-0 + water 0 8.88e 7.75d
8NP - 40 ml/m 10-34-0 + water 0 0 0

Cultivars

Faro 53.5 63.94 55.81
Stephens 53.4 63.50 55.94

* Numbers in the same column followed by a different letter for each water potential are significantly
different at the 1% level.



Table 3. The effect of water, and water plus 10-34-0 liquid fertilizer on emergence rate index of
winter wheat cultivars at two different soil water potential levels in a growth chamber.

Emergence rate index (ERI)

Treatments

-11 bars -15 bars

40 ml/m row
water added

50 ml/m row
water added

60 ml/m row
water added

*
Check 4.67c 4.70c 3.53c
ONP - only water 8.80a 9.81a 8.68a
1NP - 5 ml/m 10-34-0 + water 5.71b 7.42b 5.55b
2NP - 10 ml/m 10-34-0 + water 2.90d 4.71c 2.67d
4NP - 20 ml/m 10-34-0 + water 0 1.62d 0.89e
8NP - 40 ml/m 10-34-0 + water 0 0 0

Cultivars

Faro 5.52 7.06 5.32
Stephens 5.52 7.07 5.34

* Numbers in the same column followed by different letter for each water potential are significantly
different at 1% level.
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cantly higher stand establishment than that of the check, but also

gave a better stand at lower rates of added fertilizer (ONP, 1NP,

and 2NP treatments) than in the 40 ml water treatment series (Tables

2 and 3). The 2NP treatment had less emergence and lower stand

establishment than the ONP but was slightly greater than the check.

The 4NP treatment resulted in significantly lower seedling emergence

and rate of emergence than that of the check and no seed germinated

in the 8NP treatment.

The 60 ml of water per meter of row added to the -15 bars soil

water potential gave similar results for the ONP, 1NP, 4NP, and 8NP

treatments. With the additional water, however, the 2NP treatment

showed the same germination as the check but still showed a signifi-

cant depression of germination compared to the ONP treatment.

The 4NP treatment consisted of 40, 50 or 60 ml/m of row water

plus 20 ml of liquid fertilizer, slightly germinated and resulted in

lower stand establishment than that of the check. The 8NP treatment

composed of water plus 40 ml of liquid fertilizer, failed to

germinate. Both lower stands than check and failure of germination

in all three experiments were probably due to lower soil osmotic

potential resulted from higher concentration of fertilizer. These

results were similar to Collis-George and Sands (1962) which indica-

ted that soil osmotic potential did not restrict germination unless

high concentrations were reached.

All treatments that received only water (ONP) improved emergence

to near 80% and emerged at a faster rate. This resulted in maximum

stand establishment for the ONP treatment in all three experiments.
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The 40, 50, and 60 ml/m water plus 5 ml/m 10-34-0 treatment (1NP)

improved emergence and emergence rate index over that of the check

but did not improve germination compared to the ONP treatment. Thus

there was no evidence that nutrient availability in this growth

chamber setting had any suppressing effect on the germination

process. Nevertheless, the 1NP and 2NP treatments did not seriously

suppress germination. Therefore it was decided to study those

concentrations under field conditions.

No cultivars X fertilizer interaction occurred nor did cultivars

significantly differ in any of the growth chamber experiments.

Conclusions

1. Water added treatments to the seed-zone of dry soil appeared

to alter the seeds' microclimate for a sufficiently long

duration to permit more rapid germination.

2. Both water alone at 40, 50, and 60 ml per meter of row and

combinations of each water rate with 5 ml/m ammonium phosphate

liquid fertilizer (10-34-0) treatments improved stand estab-

lishment over that of the check at soil water potential -11 and

-15 bars respectively.

3. The 4NP and 8NP treatments were eliminated from study, due to

severe osmotic depression of germination.

4. No cultivar differences were found in emergence or emergence

rate due to adding water and fertilizer.
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FIELD STUDY 1979-80



30

FIELD STUDY 1979-80

The results of the growth chamber study of 1979 were used as

the basis to design the field study.

Materials and Methods

Before seeding the soil moisture content was determined gravi-

metrically, as an average 7.55 percent. This was equivalent to a

soil water potential of about -11 bars (see the moisture retention

curve of the Walla Walla silt loam, Fig. 1). The field trial was

planted 20 September 1979. A split plot design with 4 replications

was used, with Stephens and Faro cultivars as main plots, and ONP

(50 ml/m water), 1NP (50 ml/m water + 5 ml/m 10-34-0 liquid

fertilizer), 2NP (50 ml/m water + 10 ml/m 10-34-0 liquid fertilizer),

and a check (no water and no fertilizer) as subplots.

Data collection. Seedling emergence (initial) and seedling

height were determined on 5 October 1979. Plant emergence (final),

emergence rate index (ERI), plant dry matter, and leaf area index

(LAI) were determined on 15 October 1979. Spikes/m2, kernels/spike,

kernel weight and grain yield were determined at harvest on 20 July

1980. Spikes were selected randomly from 1 m length of one of the

four inside rows of each plot, and grain yield was harvested for

the whole length (10 m) of the 3 rows of each plot. Number of

kernels per spike were counted and 1000 kernels were weighed. Har-

vested grain was weighed.
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Seedling emergence and seedling height measured on 5 October

1979 (Table 4), indicated that both 50 ml/m water alone and 50 ml/m

water plus 5 ml/m 10-34-0 resulted in significantly higher seedling

emergence and seedling height than that of the check. There was a

marked reduction in seedling emergence and height of the 2NP treat-

ment, it being no better than no treatment at all.

No significant difference occurred between cultivars due to

water and fertilizer injection.

The rate of germination and emergence are closely related to

water potential. Lindstrom (1973) indicated that the rate of

emergence could be affected by water potentials below -4 bars.

Emergence rate was affected by the treatments. The 50 ml/m water

alone and 50 ml/m water plus 5 ml/m of 10-34-0 resulted in a

significantly higher emergence rate index (ERI) than that of the

check (Table 5). These treatments improved ERI 55 and 43% over the

check respectively. A low soil moisture will increase the time

required for seedling establishment and consequently the seedbed

will be subjected to longer periods of exposure to the wind and low

temperature which hinder stand establishment.

Water plus 10 ml/m of 10-34-0 depressed germination and

resulted in no better ERI than the check, probably due to lowering

water potential resulted from higher concentration of 10-34-0.
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Table 4. The effect of injection of water alone and water plus
10-34-0 liquid fertilizer on seedling emergence and
seedling height of winter wheat cultivars, measured on
5 October 1979 in the field at Moro, Oregon.

Treatments
Seedling Seedling
emergence height

*
Check 26.80 b 2.75 b
ONP - 50 ml/m water 36.44 a 5.31 a
1NP - water + 5 ml/m 10-34-0 35.79 a 5.25 a
2NP - water + 10 ml/m 10-34-0 29.12 b 3.22 b

Cultivars

Faro 32.65 4.05
Stephens 31.45 4.22

* Numbers in the same column followed by different letter are
significantly different at the 1% level.



Table 5. The effect of injection of water alone and water plus 10-34-0 liquid fertilizer on plant
emergence, plant dry matter, leaf area index (LAI) and emergence rate index (ERI) of winter
wheat cultivars, measured on 15 October 1979 in the field at Moro, Oregon.

Treatments Plant emergence Plant dry matter LAI ERI

*

(g/m2)

Check 50.62 c 3.74 b 0.035 b 3.05 c
ONP - 50 ml/m water 81.67 a 4.51 a 0.047 a 4.75 a
1NP - water + 5 ml/m 10-34-0 74.17 b 4.68 a 0.046 a 4.38 b
2NP water + 10 ml/m 10-34-0 53.54 c 3.77 b 0.038 b 3.24 c

Cultivars

Faro 65.41 4.40 0.042 1.96
Stephens 64.58 3.96 0.041 1.93

* Numbers in the same column followed by different letter are significantly different at the 1% level.
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Shoot length has been associated with stand establishment by

several researchers. Data presented in Table 6 indicated that ERI

was positively correlated with seedling height (R2 = 0.97, P =

0.025). Allan et al. (1962) found a positive correlation between

field emergence rate index and coleoptile length in semidwarf wheat

lines.

Plant Development

Final (plant) emergence, dry matter and leaf area index (LAI)

measured on 15 October 1979 are presented in Table 5. Treatments

which received 50 ml/m water and 50 ml/m water plus 5 ml/m 10-34-0

improved plant emergence 61 and 47%, plant dry matter 21 and 25%,

and LAI 34 and 31% over that of the check, respectively. These

differences were significantly different from the check. The 2NP

treatment caused a significant decrease in final emergence, ERI,

dry matter and LAI. The 2NP treatment result did not differ signi-

ficantly from the check.

Emergence rate index was positively correlated with plant dry

matter (R
2

= 0.89, P = 0.05). Thus those plants which emerged more

rapidly were larger, and more vigorous. Kittock and Law (1968)

found similar results.

Components of Yield and Yield Grain

Components of yield and grain yield measured on 20 July 1980

are presented in Table 7. The 50 ml/m water and 50 ml/m water plus

5 ml/m 10-34-0, both resulted in significantly higher spikes/m2,



Table 6. Regression equations for prediction seedling height, plant dry matter and grain yield from
emergence rate index (ERI) obtained from treatments means of winter wheat cultivars (Faro and
Stephens).

Source of samples Regression equation R
2

F

Seedling height
(measured Oct. 5, 79) y = -1.94 + 1.57X 0.97 67.58 (0.025)*

Plant dry matter
(measured Oct. 15, 79) y = 2.04 + 1.55X 0.89 16.97 (0.05)

Grain yield
(measured July 20, 80) y = 2287.07 + 312.24X 0.99 721.34 (0.01)

* Level of significance



Table 7. The effect of injection of water alone and water plus 10-34-0 liquid fertilizer on components
of yield and grain yield of winter wheat cultivars, measured on 20 July 1980 in the field at
Moro, Oregon.

Treatments Spikes/m
2

Kernels/spike Kernel weight Grain yield

(mg) (Kg/ha)

Check 276.5 b* 27.5 bc 45.6 b 3243 c
ONP - 50 ml/m water 329.8 a 32.4 a 48.5 a 3757 a
1NP - water + 5 ml/m 10-34-0 332.9 a 32.1 ab 48.2 a 3672 ab
2NP - water + 10 ml/m 10-34-0 298.1 ab 26.9 c 45.5 b 3289 bc

Cultivars

Faro 325.3 38.2 a 37.1 b 3775 a
Stephens 293.3 21.1 b 56.8 a 3205 b

* Numbers in the same column followed by different letter are significantly different at the 5% level.
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kernels/spike, kernel weight and grain yield over that of the check

of 19, 17 and 6% respectively. The water alone treatment yielded

3757 kg/ha while the check yield was only 3243 kg/ha. The 1NP

treatment yield was similar to the water alone and the 2NP treatment

was similar to the check yield. The cultivars did not differ in

spikes/m2 and there was no cultivars X fertilizer interaction for

spikes/m
2

. There was a significant interaction, however, between

cultivars and fertilizers for kernels/spike and kernel weight (Fig.

2). Faro reached the greatest kernels/spike and kernel weight with

1NP and ONP treatments respectively. And Stephens showed the highest

kernels/spike and kernel weight when water alone (ONP) was injected.

Cultivars differed significantly in kernels/spike, kernel weight and

grain yield (Table 7). Faro, a soft white, awnless, brown-chaffed,

club winter wheat, adapted to lower rainfall, resulted in signifi-

cantly greater kernels/spike and higher grain yield than that of

Stephens, a soft white, awned, white-chaffed, early semidwarf winter

wheat with a superior yield potential under high rainfall. However,

Stephens had larger kernels.

It is possible that water and water plus fertilizer injection

into the seed-zone, which enabled the crop to emerge faster caused

the plants to develop a more extensive root system, and to extract

water from greater depths. This, in turn, led to increased stand

establishment (more spikes/m2), improved plant development (larger

seedlings) and higher grain yield. Emergence rate index was

positively correlated with grain yield (R2 = 0.99, P = 0.01). High

correlations (Table 6) between ERI and plant development shows the
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effect of emergence rates on plant growth and yield. The regression

equations for predicting seedling height, plant dry matter, and

grain yield from emergence rate index are given in Table 6. The

values obtained from the linear regressions were used to construct

the curves shown in Figure 3. These graphs illustrate the relation-

ship between emergence rate index and seedling height, plant dry

matter and grain yield.

Conclusions

1. In a soil water potential of -11 bars both, injection of water

at 50 ml/m row and water plus 5 ml/m 10-34-0 into the seed-zone

resulted in the greater stand establishment, plant growth, and

grain yield than that of the check.

2. Since 2NP treatment, combination of 50 ml/m water with 10 ml/m

ammonium phosphate (10-34-0), caused a significant decrease in

germination, rate of germination, plant development and yield,

that treatment was excluded from further study.

3. Cultivars did not differ in stand establishment and plant growth,

or response to treatments. Therefore, cultivars were dropped

as a study factor in the remaining experiments.

The 2NP rate was definitely inhibitory; therefore there was a

question that the 1NP rate may have been too high. Since some

benefits were found from starter fertilizer in water injection, I

decided to test other fertilizer combinations at yet lower concen-

trations. Those experiments were done in growth chambers and are

described in the next section.
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GROWTH CHAMBER STUDY 1980

In this study two rates of water alone, 20 and 40 ml/m, and

the combination of each water rate with various starter fertilizers,

at lower concentrations than in the previous study, were added to

the seed-zone at a soil water potential of -11 bars. A check treat-

ment (no H20, no fertilizer) was also included.

The following liquid fertilizers which are compatible with each

other, were used:

1. Ammonium Phosphate (10-34-0) which was composed of 10% nitrogen

as ammonium and 34% P205, 50% orthophosphate, 50% polyphosphate.

2. Solution 32, which was 32% nitrogen as C0(NH
2

)

2'
7.75% ammonia,

7.75% nitrate and 16.5% urea.

3. Ammonium Thiosulfate (11-0-0-26), which was composed of 11%

nitrogen as ammonium and 26% S as form of S03.

4. Potash solution was 15% as K
2
0 from muriate of potash.

Materials and Methods

Six different experiments were conducted in this study using

20 and 40 ml of water per meter row as main plots, check, water

and water plus different starter fertilizers (N, P, K and S) as

subplots, in a split-plot design with four replications.

Nitrogen (N) experiments Solution 32 was used as starter

fertilizer and treatments were as follows: Check--no water, no

fertilizer added; ON--20 or 40 ml of water added per meter row; 0.25

N--each rate of water + 0.5 ml of solution 32 (0.14 g N) added per

meter row; 0.50 N--each rate of water + 1.0 ml of solution 32
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(0.28 g N) added per meter row; 0.75--each rate of water + 1.5 ml

of solution 32 (0.42 g N) added per meter row; 1N--each rate of

water + 2.0 ml of solution 32 (0.5 g N) added per meter row.

Nitrogen and phosphorus (NP) experiment Liquid ammonium

phosphate (10-34-0) was used as starter fertilizer, and treatments

were as follows: Check--no water, no fertilizer added; ONP--20 or

40 ml of water added per meter row; 0.25 NP--each rate of water +

1 ml of 10-34-0 (0.11 g N + 0.20 g P) added per meter row; 0.50 NP--

each rate of water + 2 ml of 10-34-0 (0.22 g N + 0.41 g P) added per

meter row; 0.75 NP--each rate of water + 4 ml of 10-34-0 (0.43 g N +

0.82 g P) added per meter row; 1NP--each rate of water + 8 ml of

10-34-0 (0.87 g N + 1.64 g P) added per meter row.

Nitrogen and phosphorus (NPII) experiment A mixture of liquid

ammonium phosphate (10-34-0) and solution 32 was used as starter

fertilizer, and treatments were as follows: Check--no water, no

fertilizer added; ONPII--20 or 40 ml of water added per meter row;

0.25 NPII--each rate of water + 0.25 ml of 10-34-0 and 0.50 ml of

solution 32 (0.17 g N + 0.05 g P) added per meter row, 0.50 NPII --

each rate of water + 0.50 ml of 10-34-0 and 1.0 ml of solution 32

(0.33 g N + 0.10 g P) added per meter row; 0.75 NPII--each rate of

water + 0.75 ml of 10-34-0 and 1.5 ml of solution 32 (0.50 g N +

0.15 g P) added per meter row; 1NPII--each rate of water + 1.0 ml

of 10-34-0 and 2.0 ml of solution 32 (0.67 g N + 0.20 g P) added

per meter row.

Nitrogen, phosphorus and potash (NPK) experiment A mixture of

liquid ammonium phosphate (10-34-0), solution 32, and potash
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solution-chloride was used as starter fertilizer, and treatments

were as follows: Check--no water, no fertilizer added; ONPK--20 or

40 ml of water added per meter row; 0.25 NPK--each rate of water +

0.75 ml of 10-34-0, 0.50 ml of solution 32 and 0.50 ml of Kcl (0.22

g N + 0.15 g P + 0.07 g K) added per meter row; 0.50 NPK--each rate

of water + 1 ml of 10-34-0, 0.75 ml of solution 32, and 0.75 ml of

Kcl (0.32 g N + 0.20 g P + 0.11 g K) added per meter row; 0.75 NPK--

each rate of water + 1.5 ml of 10-34-0, 1.0 ml of solution 32, and

1.0 ml of Kcl (0.44 g N + 0.31 g P + 0.15 g K) added per meter row;

1NPK--each rate of water + 2.0 ml of 10-34-0, 1.5 ml of solution 32,

and 1.5 ml of Kcl (0.63 g N + 0.41 g P + 0.22 g K) added per meter

row.

Nitrogen phosphorus and sulfur (NPS) experiment A mixture of

liquid ammonium phosphate (10-34-0), solution 32, and ammonium

thiosulfate (11-0-0-26) was used as starter fertilizer, and treat-

ments were as follows: Check--no water, no fertilizer added; ONPS--

20 or 40 ml of water added per meter row; 0.25 NPS--each rate of

water + 0.37 ml of 11-0-0-26, 0.75 ml of 10-34-0, and 0.50 ml of

solution 32 (0.26 g N + 0.15 g P + 0.05 g S) added per meter row;

0.50 NPS--each rate of water + 0.50 ml of 11-0-0-26, 1.0 ml of

10-34-0, and 0.75 ml of solution 32 (0.37 g N + 0.20 g P + 0.07 g S)

added per meter row; 0.75 NPS--each rate of water + 0.75 ml of

11-0-0-26, 1.5 ml of 10-34-0, and 1.0 ml of solution 32 (0.52 g N +

0.31 g P + 0.10 g S) added per meter row; 1NPS--each rate of water

+ 1.0 ml of 11-0-0-26, 2.0 ml of 10-34-0, and 1.5 ml of solution 32

(0.75 g N + 0.41 g P + 0.14 g S) added per meter row.
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Nitrogen, phosphorus, potash and sulfur (NPKS) experiment A

mixture of liquid ammonium phosphate (10-34-0), solution 32, potash

solution-chloride and ammonium thiosulfate (11-0-0-26) were used as

starter fertilizer, and the treatments were as follows: Check--no

water, no fertilizer added; ONPKS--20 ml or 40 ml of water per meter

row; 0.25 NPKS--each rate of water + 0.37 ml of 11-0-0-26, 0.75 ml

of 10-34-0, 0.50 ml of solution 32, and 0.50 ml of Kcl (0.26 g N +

0.15 g P + 0.07 g K + 0.05 g S) added per meter row; 0.50 NPKS --

each rate of water + 0.5 ml of 11-0-0-26, 1.0 ml of 10-34-0, 0.75

ml of solution 32, and 0.75 ml of Kcl (0.37 g N + 0.20 g P + 0.11

g K + 0.07 g S) added per meter row; 0.75 NPKS--each rate of water

+ 0.75 ml of 11-0-0-26, 1.5 ml of 10-34-0, 1.0 ml of solution 32,

and 1.0 ml of Kcl (0.53 g N + 0.31 g P + 0.15 g K + 0.10 g S) added

per meter row; 1NPKS--each rate of water + 1.0 ml of 11-0-0-26, 2.0

ml of 10-34-0, 1.5 ml of solution 32, and 1.5 ml of Kcl (0.75 g N +

0.41 g P + 0.22 g K + 0.14 g S) added per meter row. Treatments and

different levels of various liquid starter fertilizers used in

growth chamber studies are summarized in Table 8.

It should be pointed out that the concentration of N and P in

these experiments are not identical to the N and P concentration in

the previous experiments.

Results and Discussion

All treatments with single exception of 1NP on emergence, were

significantly greater than the check for % emergence and emergence

rate index (ERI) in all six experiments (Table 9 and 10). However,



Table 8. The formulation of the treatments used in the 1980 growth chamber experiments at Corvallis,
Oregon.

Treatment identity:
N

experiment
NP

experiment
NPII NPK

experiment experiment
NPS

experiment
NPKS

experiment

Liquid fertilizer
used

solution 32 10-34-0 10-34-0 + 10-34-0
solution 32 solution 32

KC1

10-34-0
solution 32
11-0-0-26

10-34-0
solution 32
11-0-0-26

KC1

Treatment prefix ml/m row added

0.25 0.50 1.0 0.25 + 0.75 + 0.75 + 0.75 +
0.50 0.50 0.50 0.50

0.50 0.37 0.37
0.50

0.50 1.0 2.0 0.50 + 1.0 + 1.0 + 1.0 +
1.0 0.75 0.75 0.75

0.75 0.50 0.50
0.75

0.75 1.5 4.0 0.75 + 1.5 + 1.5 + 1.5 +
1.5 1.0 1.0 1.0

1.0 0.75 0.75
1.0

1 2.0 8.0 1.0 + 2.0 + 2.0 + 2.0 +
2.0 1.5 1.5 1.5

1.5 1.0 1.0
1.5



Table 9. The effect of water alone, and water plus different concentrations of various liquid starter
fertilizers, on % emergence of winter wheat at -11 bars tension in growth chamber experiments
in 1980.

Treatments

Emergence

20 + 40 ml/m N NP NPII NPK NPS NPKS
water experiment experiment experiment experiment experiment experiment

*
Check 39.75 e 40.25 e 40.25 e 39.88 f 40.00 f 40.25 f

H2O 71.50 a 71.50 a 72.25 a 72.00 a 72.13 a 72.13 a

0.25 68.88 b 68.75 b 68.88 b 66.50 b 64.00 b 65.63 b

0.50 66.75 b 65.13 c 62.88 b 63.25 c 60.00 c 61.50 c

0.75 59.75 c 56.63 d 69.38 c 55.38 d 52.63 d 54.50 d

1

water rate

50.75 d

52.67 b

49.50 e

51.17 b

52.88 d

51.71 b

48.75 e

50.00 b

45.88 e

48.04 b

48.63 e

49.58 b20 ml/m

40 ml/m 68.13 a 66.08 a 67.13 a 65.25 a 63.50 a 64.63 a

* Numbers in the same column followed by different letter for each experiment are significantly
different at the 1% level.



Table 10. The effect of water alone, and water plus different concentrations of various liquid starter
fertilizers, on emergence rate index of winter wheat at -11 bars tension in growth chamber
experiments in 1980.

Treatments

20 + 40 ml/m
water

Emergence rate index (ERI)

N

experiment
NP

experiment
NPII

experiment
NPK

experiment
NPS

experiment
NPKS

experiment

*
Check 4.70 f 4.70 f 4.55 f 4.50 f 4.40 f 4.52 f

H2O 8.31 a 8.31 a 8.09 a 8.22 a 8.17 a 8.14 a

0.25 7.32 b 7.29 b 7.08 b 7.08 b 7.22 b 7.01 b

0.50 7.03 c 7.01 c 6.78 c 6.66 c 6.67 c 6.60 c

0.75 6.32 d 6.29 d 5.78 d 5.90 d 5.91 d 5.70 d

1

water rate

5.22 e

6.07 b

5.09 e

6.04 b

5.14 e

5.79 b

4.87 e

5.80 b

4.92 e

5.80 b

4.87 e

5.71 b20 ml/m

40 ml/m 6.90 a 6.86 a 6.68 a 6.61 a 6.62 a 6.57 a

* Numbers in the same column followed by different letter for each experiment are significantly
different at the 1% level.
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none of the starter fertilizer treatments were better than 40 ml/m

water alone treatment (Table 11 and 12). Treatment means for %

emergence and rate of emergence decreased with increased level of

fertilizers, and combination of water with highest level of

fertilizers (1) resulted in the lowest stand establishment in all

experiments, excluding the check. Collis-George and Sands (1962),

and also Tiessen and Carolus (1963) found similar results which

indicates that low osmotic potential resulting from higher concen-

tration of fertilizers caused a decrease in both water absorption

and germination rate. Thus one can say that fertilizer did not

harm or suppress germination at the lowest concentration, but there

was no evidence in the growth chamber of any beneficial effect of

fertilizer on wheat seed germination or seedling growth.

Water rates significantly differed in all experiments and

the treatments which received 40 ml/m row water resulted in signifi-

cantly greater % emergence and emergence rate index than those

treatments which received 20 ml/m row water (Tables 9 and 10).

Water rate X fertilizer interaction occurred for emergence

percentage and emergence rate index in all experiments. The 40 ml

of water alone added per meter row resulted in nearly complete

emergence (80%) and gave the highest emergence rate. It improved

stand establishment almost 100% over the check in all experiments.

The 0.25-40 ml and 0.50-40 ml which were combination of 40 ml water

with lower levels of fertilizers also resulted in higher emergence

(70-79%) than check and improved stand establishment about 75-97%

over the check in all experiments.



Table 11. Mean value of treatment for % emergence of winter wheat grown at -11 bars tension in growth
chamber experiments in 1980.

Treatments
N

experiment
NP

experiment
NPII NPK

experiment experiment
NPS

experiment
NPKS

experiment

Emergence %

Check 39.75 40.25 40.25 39.88 40.00 40.25

H2O - 20 ml/m 61.50 61.50 62.00 62.00 62.25 61.75

H2O - 40 ml/m 81.50 81.50 82.50 82.00 82.00 82.50

0.25 - 20 ml/m 58.75 58.50 59.75 56.00 52.50 55.75

0.25 - 40 ml/m 79.00 79.00 78.00 77.00 75.50 75.50

0.50 - 20 ml/m 56.50 55.25 52.75 52.00 49.50 51.50

0.50 - 40 ml/m 77.00 75.00 73.00 74.00 70.50 71.50

0.75 - 20 ml/m 52.50 50.25 51.50 47.50 45.25 46.50

0.75 - 40 ml/m 67.00 63.00 67.25 63.25 60.00 62.50

1 - 20 ml/m 47.75 41.50 43.50 42.00 39.50 41.50

1 - 40 ml/m 63.75 57.50 62.25 55.50 52.25 55.75



Table 12. Mean value of treatment for emergence rate index (ERI) of winter wheat grown at -11 bars
tension in growth chamber experiments in 1980.

Treatments
N

experiment
NP

experiment
NPII

experiment
NPK

experiment
NPS

experiment
NPKS

experiment

ERI

Check 4.71 4.70 4.55 4.51 4.40 4.52

H2O - 20 ml/m 7.82 7.80 7.57 7.67 7.65 7.58

H2O - 40 ml/m 8.81 8.83 8.62 8.77 8.70 8.71

0.25 - 20 ml/m 6.82 6.80 6.60 6.54 6.75 6.40

0.25 - 40 ml/m 7.81 7.80 7.55 7.64 7.69 7.61

0.50 - 20 ml/m 6.52 6.51 6.19 6.13 6.14 6.10

0.50 - 40 ml/m 7.54 7.52 7.38 7.19 7.20 7.10

0.75 - 20 ml/m 5.82 5.81 5.24 5.50 5.51 5.20

0.75 - 40 ml/m 6.82 6.78 6.33 6.30 6.31 6.21

1 - 20 ml/m 4.72 4.62 4.63 4.41 4.41 4.41

1 - 40 ml/m 5.71 5.55 5.65 5.34 5.42 5.33
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Conclusions

1. In general all treatments resulted in the greater emergence

percentage and emergence rate index (ERI) than that of the

check in all experiments.

2. Forty ml/m water added to the dry seed-zone at soil water

potential of -11 bars, gave the highest stand establishment.

3. All higher rates of fertilizer (0.75 and 1 treatments) depressed

germination and resulted in less stand establishment than lower

rates of fertilizer (0.25 and 0.50 treatments).

4. These growth chamber results combined with previous results

suggested that the probability was low that starter fertilizer

would aid germination and stand establishment. Nevertheless,

since the nutrient level in the field is dependent on soil

moisture, I decided to test field response to starter fertilizer

for one more year while continuing to test response to injection

of water to dry soil at seeding.
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FIELD STUDY 1980-81
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FIELD STUDY 1980-81

Based on information gained from growth chamber studies in 1980,

20 and 40 ml/m water, and combination of each water rates with the

two lowest levels of fertilizer (0.25 and 0.50 treatments) used in the

growth chamber experiment were injected into the seed-zone of a

field trial at Moro, Oregon during the 1980-81 growing season.

Materials and Methods

Before seeding the soil moisture content was determined gravi-

metrically, as an average 7.93 percent. This was equivalent to a

soil water potential of about -9 bars (see the moisture retension

curve of the Walla Walla silt loam, Fig. 1). The field trial was

planted 20 September 1980. A split-plot design with 4 replication

was used, with two water rates, 20 and 40 ml/m, as main plots, and

check, water only and combination of water and various concentration of

different liquid fertilizers as subplots.

A single cultivar, Stephens, was used in this experiment.

Solution 32, liquid ammonium phosphate (10-34-0), potash

solution-chloride (Kcl) and ammonium thiosulfate (11-0-0-26) were

used as starter fertilizers. Treatments were as follows: Check- -

no water, no fertilizer injected; 20 or 40 ml/m water injected; low

N--each water rate + 0.5 ml solution 32 (0.14 g N)/m injected; high

N--each water rate + 1.0 ml solution 32 (0.28 g N)/m injected; low

NP--each water rate + 1.0 ml 10-34-0 (0.11 g N + 0.20 g P)/m

injected; high NP--each water rate + 2.0 ml 10-34-0 (0.22 g N +

0.41 g P)/m injected; low NPII--each water rate + 0.25 ml 10-34-0 +
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0.50 ml solution 32 (0.17 g N + 0.05 g P)/m injected; high NPII--

each water rate + 0.50 ml 10-34-0 + 1.0 ml solution 32 (0.33 g N +

0.10 g P)/m injected; low NPK--each water rate + 0.75 ml 10-34-0 +

0.50 ml solution 32 + 0.50 ml Kcl (0.22 g N + 0.15 g P + 0.07 g K)/m

injected; high NPK--each water rate + 1 ml 10-34-0 + 0.75 ml solution

32 + 0.75 ml Kcl (0.32 g N + 0.20 g P + 0.11 g K)/m injected; low

NPS--each water rate + 0.75 ml 10-34-0 + 0.50 ml solution 32 + 0.37

ml 11-0-0-26 (0.26 g N + 0.15 g P + 0.05 g S)/m injected; high NPS--

each water rate + 1.0 ml 10-34-0 + 0.75 ml solution 32 + 0.50 ml

11-0-0-26 (0.37 g N + 0.20 g P + 0.07 g S)/m injected; low NPKS--

each water rate + 0.75 10-34-0 + 0.50 ml solution 32 + 0.37 ml

11-0-0-26 + 0.50 ml Kcl (0.26 g N + 0.15 g P + 0.07 g K + 0.05 g S)/m

injected; high NPKS--each water rate + 1.0 ml 10-34-0 + 0.75 solution

32 + 0.50 ml 11-0-0-26 + 0.75 ml Kcl (0.37 g N + 0.20 g P + 0.11 g K

+ 0.07 g S)/m injected.

Data Collection. Seedling emergence (initial) and seedling

heights were determined on 9 October 1980. Culms/m2, plant

emergence (final), plant height, plant dry matter, leaf area index

(LAI), specific leaf weight (SLW) and leaf analysis for N, P, and K

were measured on samples taken 25 March 1981. Specific leaf weight

was obtained by dividing leaf dry weight by leaf area.

For the chemical analysis leaf samples taken on 25 March were

washed with detergent and distilled water, dried at 60°C for 2 days

in a forced-air oven, and then ground through a 40-mesh screen.

Total nitrogen was measured by Micro Kjeldahl method using a
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"Technicon Auto Analyzer". Potassium and phosphorous were deter-

mined by a spectrophotometer (Jarrel-Ash, Model 750 Auto Counter).

Spikes/m
2

, kernels/spike, kernel weight and grain yield were

determined on samples taken 23 July 1981. Spikes were selected

randomly from 1 m in the 4 inside rows of each plot, and grain yield

was harvested for the whole length (10 m) in 3 rows of each plot.

Number of kernels per spike were counted and 1000 kernels were

weighed. Harvested grain was weighed. The data were analyzed as

randomized block design.

Results and Discussion

Stand Establishment

Seedling emergence and seedling height measured on 9 October

1980 were affected by water injection treatments (Table 13). Most

of the treatments which received 40 ml/m water with some fertilizers

resulted in significantly higher seedling emergence than that of the

check. But injection of 40 ml/m water alone showed the greatest

emergence percentage (51.5) and improved it more than 100% over the

check. The combination of 20 ml/m water with high concentration of

NPKS, depressed germination and resulted in the lowest emergence

percentage (20.2).

Germination and emergence rate are closely related to soil water

potential. Combination of 40 ml/m water with some starter fertilizer

treatments resulted in significantly higher ERI than that of the

check (Table 13). But combination of 20 ml/m water with some high

level of fertilizer treatments resulted in lower ERI than that of



57

Table 13. The effect of injection of water and water plus liquid
fertilizer on seedling emergence, seedling height and
emergence rate index (ERI) of winter wheat grown in the
field, measured on 9 October 1980.

Treatments
Seedling
Emergence

Seedling
Height ERI

(%)

*

( cm )

Check 23.0 ghi 4.0 bcde 1.60 ghij

20 ml/m water 36.5 bcd 5.1 abcde 2.38 bcd
40 ml/m water 51.5 a 7.2 a 3.23 a

20 ml-low N 34.0 bcdef 4.7 bcde 2.24 bcdefg
40 ml-low N 41.2 ab 5.7 abc 2.66 ab

20 ml-high N 25.0 efghi 4.2 bcde 1.72 efghij
40 ml-high N 33.7 bcdefg 5.0 abcde 2.21 bcdefg

20 ml-low NP 32.2 bcdefgh 4.7 bcde 2.15 bcdefgh
40 ml-low NP 42.0 ab 5.8 ab 2.71 ab

20 ml-high NP 29.5 cdefghi 4.2 bcde 1.99 cdefghij
40 ml-high NP 36.2 bcd 5.0 abcde 2.37 bcd

20 ml-low NPII 27.2 defghi 4.1 bcde 1.86 defghij
40 ml-low NPII 35.7 bcde 5.2 abcd 2.34 bcde

20 ml-high NPII 22.0 hi 4.2 bcde 1.54 hij
40 ml-high NPII 35.7 bcde 5.2 abcd 2.34 bcde

20 ml-low NPK 27.5 defghi 4.7 bcde 1.85 defghij
40 ml-low NPK 39.2 bc 5.8 ab 2.54 bc

20 ml-high NPK 20.7 i 4.6 bcde 1.48 ij
40 ml-high NPK 35.5 bcde 4.5 bcde 2.32 bcdef

20 ml-low NPS 25.0 efghi 5.0 abcde 1.72 efghij
40 ml-low NPS 37.7 bcd 5.2 abcd 2.46 bcd

20 ml-high NPS 21.7 hi 4.2 bcde 1.52 hij
40 ml-high NPS 34.5 bcdef 4.6 bcde 2.27 bcdef

20 ml-low NPKS 24.0 fghi 3.5 cde 1.66 fghij
40 ml-low NPKS 36.2 bcd 4.5 bcde 1.87 defghij

20 ml-high NPKS 20.2 i 2.8 e 1.43 j
40 ml-high NPKS 32.2 bcdefgh 3.3 de 2.13 bcdefghi

* Numbers in the same column followed by different letter are
significantly different at 5% level.
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the check. The 40 ml/m water alone treatment showed the highest

ERI and improved it more than 100% over the check, and 20 ml/m

water only treatment improved ERI 58% over the check.

Results from % emergence and ERI indicated that injection of

40 ml/m water alone into the seed-zone gave the greatest stand

establishment by reducing water stress effect. The 20 ml/m water

only was also effective and improved stand establishment over the

check. But combination of 20 ml/m water with high NPKS resulted in

the lowest stand establishment probably due to the osmotic effect.

Shoot length has been associated with stand establishment and

has been shown to be a good indicator of seedling vigor. Effects

on seedling height were similar to results of seedling emergence.

The 40 ml/m water alone treatment gave the tallest seedlings and

combination of 20 ml/m water with high NPKS treatment gave the

shortest seedling (Table 13). ERI was positively correlated with

seedling height (R2 = 0.68, P = 0.01).

There was a significant difference between two water regimes,

in seedling emergence, ERI and seedling height. Average mean of

all treatments which received 40 ml/m water resulted in greater

seedling emergence of 37.8%, in higher ERI value of 2.4 and in

taller seedling of 5.2 cm than seedling emergence of 26.6%, ERI

value of 1.8 and seedling height of 4.3 cm respectively for those

other treatments which received 20 ml/m water.

Plant Development

Culm number, plant emergence and plant height measured on
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25 March 1981 are presented in Table 14. There was no significant

difference in culms/m
2
or plant height among treatments.

Effects of water and fertilizer injection on plant emergence

(final) indicated that both 20 and 40 ml/m water alone treatments

improved plant emergence 16 and 32% over the check respectively.

The 40 ml/m water alone treatment resulted in the highest emergence

of 86%. There was a significant difference between the two water

regime. Average mean of all treatments which received 40 ml/m water

resulted in significantly higher plant emergence value of 77.4%

than the plant emergence value of 67.5% for treatments which

received 20 ml/m water.

Plant dry matter accumulation, leaf area index (LAI) and

specific leaf weight (SLW) measured on 25 March 1981 are presented

in Table 15. These data showed that values of plant dry matter

significantly increased due to water and nutrients injection. Both

20 and 40 ml/m water alone treatments, with 57.4 and 75.6 g/m
2

dry

matter, respectively, improved plant dry matter 100% over the check.

But 40 ml/m water resulted in the greatest dry matter. Most of the

treatments which received 40 ml/m water plus fertilizer, such as

low N and low NP, resulted in significantly higher dry matter than

that of the check. The combination of 20 ml/m water with high NPKS

treatment showed the lowest dry matter.

Emergence rate index was positively correlated with plant dry

matter (R2 = 0.79, P = 0.01).

Effects of water and fertilizer injection on LAI were similar

to results of plant dry matter. After germination, LAI increases
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Table 14. The effect of injection of water and water plus liquid
fertilizer on culms/m2, plant emergence and plant height
of winter wheat grown in field, measured on 25 March
1981.

Treatments culms/m2
Plant

Emergence
Plant
Height

(%) (cm)

Check 185
NS

65 efghi
*

39
NS

20 ml/m water 211 76 bcd 47
40 ml/m water 439 86 a 52

20 ml-low N 379 74 bcde 48
40 ml-low N 426 80 abc 46

20 ml-high N 351 66 efghi 45
40 ml-high N 327 72 cdef 46

20 ml-low NP 315 75 bcde 45
40 ml-low NP 388 82 ab 49

20 ml-high NP 288 72 cdefg 45
40 ml-high NP 446 76 bcd 50

20 ml-low NPII 215 69 defgh 44
40 ml-low NPII 207 75 bcd 37

20 ml-high NPII 345 63 ghi 48
40 ml-high NPII 282 76 bcd 47

20 ml-low NPK 380 65 efghi 49
40 ml-low NPK 223 79 abc 39

20 ml-high NPK 334 63 hi 53
40 ml-high NPK 363 75 bcd 51

20 ml-low NPS 256 65 efghi 43
40 ml-low NPS 325 78 abc 46

20 ml-high NPS 269 62 hi 46
40 ml-high NPS 456 74 bcde 48

20 ml-low NPKS 284 64 fghi 38
40 ml-low NPKS 401 76 bcd 52

20 ml-high NPKS 257 60 i 46
40 ml-high NPKS 409 72 cdef 48

* Numbers in the same column followed by different letter are
significantly different at 1% level.

NS, Not significant.
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Table 15. The effect of injection of water and water plus liquid
fertilizers on plant dry weight, leaf area index (LAI)
and specific leaf weight of winter wheat grown in field,
measured on 25 March 1981.

Treatments
Plant

dry matter LAI
Specific
leaf weight

(g/m2) (g/m2)

Check
*

26.9 ef 0.37 f 9.2
NS

7

20 ml/m water 57.4 abcde 0.90 abcdef 69.4
40 ml/m water 75.6 a 1.19 a 69.0

20 ml-low N 49.1 abcdef 0.71 abcdef 70.3
40 ml-low N 61.5 abc 1.12 abc 66.2

20 ml-high N 43.2 bcdef 0.56 bcdef 80.0
40 ml-high N 53.5 abcde 0.64 abcdef 104.3

20 ml-low NP 49.5 abcdef 0.81 abcdef 70.6
40 ml-low NP 72.8 ab 1.14 ab 62.0

20 ml-high NP 43.6 bcdef 0.74 abcdef 63.7
40 ml-high NP 54.4 abcde 1.00 abcde 83.7

20 ml-low NPII 46.3 abcdef 0.78 abcdef 73.4
40 ml-low NPII 61.4 abc 1.07 abcd 53.4

20 ml-high NPII 32.7 cdef 0.60 bcdef 110.3
40 ml-high NPII 49.1 abcdef 0.81 abcdef 69.8

20 ml-low NPK 43.6 bcdef 0.71 abcdef 70.8
40 ml-low NPK 61.2 abcd 0.90 abcdef 60.5

20 ml-high NPK 32.8 cdef 0.59 bcdef 98.8
40 ml-high NPK 54.4 abcde 0.81 abcdef 93.9

20 ml-low NPS 26.4 ef 0.47 ef 96.1
40 ml-low NPS 56.6 abcde 0.78 abcdef 85.6

20 ml-high NPS 20.6 f 0.32 f 82.6
40 ml-high NPS 35.4 cdef 0.54 cdef 68.2

20 ml-low NPKS 30.0 def 0.53 def 56.5
40 ml-low NPKS 56.1 abcde 0.78 abcdef 75.1

20 ml-high NPKS 18.7 f 0.32 f 70.2
40 ml-high NPKS 38.5 cdef 0.53 def 76.6

* Numbers in the same column followed by different letter are
significantly different at 1% level.

NS, Not significant.
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very slowly at first, over a fairly long period, then follows a

period of rapid expansion. As LAI increased (40 ml/m water alone

treatment), light absorption and thereby dry matter production

increased. A decrease in water and high concentration (check,

20 ml/m water plus high NPS and NPKS treatments) reduced leaf area,

which thereby decreased dry matter production.

No significant differences in specific leaf weight among

treatments were found due to water and nutrient injection.

Plant analysis has been used as a basis for predicting the

response to fertilizer and as a tool for diagnosing soil fertility

problems. Soil analysis data (Appendix Table 1) showed approximately

high N, P, and K for plant growth. Wheat plant analysis for total

N, P and K sampled at early boot stage (25 March 1981) indicated

that no significant difference in leaf N and K content were found

among treatments due to injected water and nutrients. However, leaf

P content values increased significantly (Table 16). The 20 and

40 mlJm water alone injected improved P content 9 and 22% over the

check. The P content showed a maximum of 0.65% in the 40 ml-low

NP treatment and a minimum of 0.44% in the 20 ml-high NPKS treatment.

Soil moisture affects nutrient transport to root surface by affec-

ting the rate of diffusion and the mass flow of water to the root.

The higher rate of water, 40 ml/m, probably increased the diffusion

coefficient of phosphorus and also enabled the crop to develop a

more extensive root system which thereby resulted in higher P uptake.

The lower water rate, 20 ml/m, combined with high nutrients level

showed lower P uptake. It may be because of high soil osmotic
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Table 16. The effect of injection of water and water plus liquid
fertilizers on leaf nitrogen, phosphorous ana potassium
content of winter wheat grown in field, sampled on 25
March 1981.

Treatments

0
A,

Check 3.38
NS

.46 cd
*

3.16
NS

20 ml/m water 3.34 .50 bcd 3.01
40 ml/m water 3.52 .56 abcd 3.12

20 ml-low N 3.19 .43 d 3.30
40 ml-low N 3.73 .48 bcd 2.83

20 ml-high N 3.57 .51 abcd 3.17
40 ml-high N 3.78 .48 bcd 3.02

20 ml-low NP 3.64 .52 abcd 3.77
40 ml-low NP 3.88 .65 a 2.96

20 ml-high NP 3.24 .49 bcd 2.96
40 ml-high NP 3.76 .62 ab 2.96

20 ml-low NPII 4.13 .59 abc 3.48
40 ml-low NPII 3.92 .61 ab 3.27

20 ml-high NPII 3.97 .50 bcd 3.19
40 ml-high NPII 3.98 .60 ab 3.19

20 ml-low NPK 4.37 .55 abcd 3.44
40 ml-low NPK 3.36 .59 abc 3.45

20 ml-high NPK 3.39 .51 abcd 3.01
40 ml-high NPK 3.46 .59 abc 3.14

20 ml-low NPS 3.64 .53 abcd 3.58
40 ml-low NPS 3.82 .55 abcd 3.48

20 ml-high NPS 3.57 .45 cd 3.55
40 ml-high NPS 3.74 .53 abcd 2.95

20 ml-low NPKS 3.67 .50 bcd 3.77
40 ml-low NPKS 4.08 .52 abcd 3.07

20 ml-high NPKS 3.56 .44 d 3.36
40 ml-high NPKS 4.11 .51 abcd 2.94

*Numbers in the same column followed by different letter are
significantly different at 1% level.

NS, Not significant.
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potential which resulted from high concentration of fertilizers.

There was a significant difference between the two water water

rates in plant emergence, plant dry matter, LAI and leaf P content.

Average mean of all treatments which received 40 ml/m water

resulted in greater plant emergence of 77.4%, in more plant dry

matter of 56.2 g/m2, in higher LAI value of 0.87 and in greater leaf

P content of 0.56% than plant emergence of 67.5%, plant dry matter

of 38.0 g/m
2

, LAI value of 0.62 and leaf P content of 0.50%

respectively for those other treatments which received 20 ml/m

water.

Components of Yield and Grain Yield

Components of yield and grain yield measured on 20 July 1981

are presented in Table 17. No significant difference in spikes/m2

were found among treatments due to water and nutrients injection.

Both 20 and 40 ml/m water only treatments improved kernels/spike

7 and 25% respectively over the check. The 40 ml/m water only

resulted in a maximum of 34 kernels/spike. Most of the treatments

that received 40 ml/m water plus some fertilizers showed higher

kernels/spike than that of the check. The 20 ml/m water plus high

NPS treatment resulted in the lowest kernels/spike.

The 40 ml/m water alone treatment improved kernel weight 11%

over the check and resulted in a maximum of 53.5 mg kernel weight.

Some combination of 40 ml/m water with fertilizer such as 40 ml-low

NP and 40 ml-low N treatments with 52.7 and 51.7 mg improved kernel

weight 9 and 7% over the check respectively.
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Table 17. The effect of injection of water and water plus liquid
fertilizers on components of yield and grain yield of
winter wheat grown in field, measured on 20 July 1981.

Treatments Spikes/m
2

Kernels/
spike

Kernel
Weight Grain Yield

Check
NS

185.5
*

27.2 cdefg

(mg)

48.2 bcde

(Kg/ha)

2667 cde

20 ml/m water 197.7 29.0 bcdefg 49.0 abcde 2770 bcde
40 ml/m water 276.5 34.0 a 53.5 a 3659 a

20 ml-low N 205.5 28.2 bcdefg 50.0 abcd 2981 abcde
40 ml-low N 250.2 31.7 abcd 51.7 abc 3225 abc

20 ml-high N 175.7 27.0 defg 49.0 abcde 2724 bcde
40 ml-high N 240.0 31.0 abcde 50.7 abcd 2993 abcde

20 ml-low NP 216.0 31.2 abcde 49.2 abcde 2865 abcde
40 ml-low NP 256.0 32.7 ab 52.7 ab 3475 ab

20 ml-high NP 213.7 26.0 fg 48.0 bcde 2363 de
40 ml-high NP 236.0 30.5 abcdef 49.7 abcd 3214 abc

20 ml-low NPII 189.0 29.7 abcdef 49.0 abcde 2307 e
40 ml-low NPII 223.2 32.0 abc 52.5 ab 3236 abc

20 ml-high NPII 205.0 26.7 efg 45.7 de 2561 cde
40 ml-high NPII 184.7 29.0 bcdefg 49.2 abcde 2893 abcde

20 ml-low NPK 200.2 29.0 bcdefg 48.0 bcde 2516 cde
40 ml-low NPK 231.7 31.2 abcde 51.0 abc 3108 abcde

20 ml-high NPK 190.0 27.0 defg 47.0 cde 2926 abcde
40 ml-high NPK 218.5 30.2 abcdef 50.2 abcd 2904 abcde

20 ml-low NPS 195.2 26.7 efg 44.2 e 3111 abcd
40 ml-low NPS 249.2 29.2 abcdefg 49.5 abcd 3190 abc

20 ml-high NPS 226.5 24.7 g 48.2 bcde 1430 f
40 ml-high NPS 226.7 27.7 cdefg 49.0 abcde 3113 abcd

20 ml-low NPKS 205.0 26.7 efg 48.0 bcde 2689 bcde
40 ml-low NPKS 241.5 30.5 abcdef 51.7 abc 2982 abcde

20 ml-high NPKS 190.2 28.5 bcdefg 48.5 abcde 1397 f
40 ml-high NPKS 213.2 29.5 abcdefg 49.0 abcde 3046 abcde

* Numbers in the same column followed by different letter are
significantly different at 1% level.

NS, Not significant.
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Both 20 and 40 ml/m water alone treatments improved grain yield

4 and 37% over the check. The 40 ml/m water resulted in a maximum

of 3669 Kg grain yield. Most of plots received 40 ml/m water plus

some fertilizer gave higher grain yield than that of the check.

Combination of 20 ml/m water with high NPS and NPKS treatments

resulted in the lowest grain yield.

There was a significant difference between water regimes, in

kernels/spike, kernel weight and grain yield. Average mean of all

treatments which received 40 ml/m water resulted in greater kernels/

spike value of 30.7, in higher kernel weight of 50.8 mg and in more

grain yield of 3157 Kg/ha than kernels/spike value of 27.7, kernel

weight of 48.0 mg and grain yield of 2511 Kg/ha respectively for

those treatments which received 20 ml/m water.

Emergence rate index was positively correlated with grain yield

(R2 = 0.53, P = 0.01).

The number of spikes per unit area is a function of plant

density, tillering and tiller survival. It is influenced by genotype

and is amenable to manipulation through agronomic practices. Kernel

number and kernel weight are functions of physiological processes

of growth and development. Grain yield is made up of components

whose development is separated to some degree during the ontogeny

of the plant.

Conclusions

1. In general both water injection rates, 20 and 40 ml/m resulted

in more emergence, a higher emergence rate index, more rapid
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plant development and higher yield compared to the check. Thus

it is clear that water was effective in promoting plant

development in a wide variety of environments (i.e. various

fertilizer concentrations). Thus the primary lesson to be

learned from these studies is that water injection has promise.

2. The 40 ml/m water alone treatment gave the best stand establish-

ment, plant dry matter, LAI, kernels/spike, kernel weight, and

grain yield. It was better than most treatments in affecting

those plant traits. The lowest fertilizer treatments did not

significantly suppress plant response when added to the 40 ml/m

treatment, but neither did it bestow any benefit.

3. Although fertilizers may have had some compensating effect

on yield and other plant factors, none of the starter fertilizer

treatments showed as good results as water alone in this field

study. Therefore, no further studies on fertilizer injections

were undertaken.

Variation among field plots resulted from large trial needed

for great number of treatments may have increased the variability

of data and decreased the effectiveness of the injection method.

Also interpretation of data were complicated due both to nutrients

interaction and large number of treatments.
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FIELD STUDY 1981-82
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FIELD STUDY 1981-82

Three rates of water 20, 40 and 60 ml/m were tested and

compared to the check. Two different conditions fallowed and non-

fallowed soils were compared to each other.

Materials and Methods

At seeding, the soil moisture content was determined as 8.5

and 8.0 percent for the fallowed and non-fallowed soil, respectively.

Thus, the soil conditions were more moist than previous years.

These were equivalent to a soil water potential as -6 and -8 bars

(from the moisture retention curve of the Walla Walla silt loam

Fig. 1). Three water injection treatments of 20, 40, and 60 ml/m

were arranged in randomized block design (40 x 22 m) in fallow and

non-fallow trials with four replications. Stephens, a soft winter

wheat cultivar was used.

The field trials were planted 9 October 1981.

Data collection. Seed-zone gravimetric water content and seed

water uptake (imbibition) were determined at 0, 6, 12, 24 and 48

hours following planting on 9, 10 and 11 October. Soil samples

were taken by a soil probe from a 5 to 15 cm depth of soil, then

weighed and oven dried at 105°C for 1 day. Seed samples were

recovered from the soil then by sieving through No. 5, 7 and 9-

mesh screens. Seed samples were weighed and dried at 60°C for 2

days in a forced-air oven. Soil and seed samples were taken randomly

from 1 m in the four inside rows of each plot. Emergence, emergence

rate index, height, leaf area and dry matter were determined at
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weekly intervals over a period of 5 weeks following planting date.

Dry weight and leaf area data from these samples were used for

growth analysis. Calculations of the growth analysis parameters

were made using the techniques given by Radford (1967). Formulae

used in this study are considered here.

The formula used for calculation of crop growth rate (CGR) was:

CGR
(t2 - t1)
w2 wl

where w = total dry matter, t = time, and subscripts 1 and 2 indicate

first and second harvest respectively at times t (week).

Since the increase in leaf area and dry matter from week to

week took place exponentially, formulae used for calculation of

relative growth rate (RGR) and net assimilation rate (NAR) were:

logew2 - logewl
RGR

(t2 - t1)

w2

Al
NAR = (logeA2 - 109eAl) A2 - Al

where w = total dry matter, A = total leaf area, e = the base of

natural logarithms, and subscripts 1 and 2 indicate first and second

harvest.

Results and Discussion

The three water injection treatments affected seed-zone water

content and seed water uptake (imbibition) differently over the



71

two water potentials -6 bars (fallowed) and -8 bars (non-fallowed).

All treatments resulted in significantly higher seed-zone moisture

content than that of the check in both fallowed and non-fallowed

soils (Table 18). Treatment means for seed-zone water content

increased with increased rate of water injection, resulting in

improvements of 23, 33, 46% over that of the check of fallowed soil,

and of 25, 34 and 50% over that of the check of non-fallowed soil

respectively, immediately following water injection (0 hr). At 6

hours after planting mean values of seed-zone moisture content was

still improved 13, 24, and 38% over that of the check in fallowed

soil and 16, 24, and 41% over that of the check of non-fallowed

soils for 20, 40, and 60 ml/m water injections respectively. At 12,

24, and 48 hours after planting mean values of seed-zone moisture

contents of the three water injection treatments were significantly

higher than that of the check. They were improved 9, 19, and 32%

over the check for fallowed, and 9, 17, and 33% over the check for

non-fallowed, respectively, at 12 hours after planting. Also they

were improved 8, 13, and 25% over that of the check of fallowed, and

6, 11, and 27% over that of the check of non-fallowed, respectively,

at 24 hours after planting. And finally, they were still improved

7, 11, and 21% over that of the check of fallowed, and 5, 9, and 21%

over that of the check of non-fallowed, respectively, at 48 hours

after planting. Thus water injection into the seed-zone, stayed

around long enough to be detectable even at 48 hours after planting.

However there was a continuing decline in seed-zone moisture content

from the time of injection onward. At 48 hcurs after planting, the



Table 18. The effect of water injection on seed-zone water content of winter wheat at two soil
water potentials.

Time (hr) following water injection

Treatment 0 6 12 24 48

% seed-zone moisture content

-6 bars (fallowed)

*
Check 8.50 d 8.40 d 8.30 d 8.19 d 8.09 c
20 ml/m water 10.48 c 9.50 c 9.05 c 8.85 c 8.65 b
40 ml/m water 11.31 b 10.41 b 9.84 b 9.25 b 8.95 b
60 ml/m water 12.39 a 11.59 a 10.95 a 10.24 a 9.75 a

-8 bars (non-fallowed)

Check 8.02 d 7.91 d 7.80 d 7.70 d 7.60 d
20 ml/m water 10.04 c 9.15 c 8.48 c 8.15 c 8.01 c
40 ml/m water 10.78 b 9.84 b 9.10 b 8.55 b 8.25 b
60 ml/m water 12.07 a 11.14 a 10.35 a 9.75 a 9.21 a

* Numbers in the same column followed by the different letter for each water potential are
significantly different at the 1% level.
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reduction was greatest in the non-fallowed plot even though it

showed the highest improvement in seed-zone moisture content by

water injection treatments immediately after planting.

All treatments resulted in significantly higher seed water

uptake (imbibition) than that of the check (Table 19). Treatment

means for imbibition increased with increased rate of water injection

resulting in improvements of 7.5, 16.5, and 21.5% over that of the

check of fallowed, and of 8.5, 17.2, and 27.6% over that of the

check of non-fallowed at 6 hours following planting for the three

water injection rates (20, 40, and 60 ml/m) respectively. The 60

ml/m treatment in the drier soil (non-fallowed) resulted in the

greatest increase (27.6%) in imbibition. Imbibition responses to

all water injection treatments were higher for non-fallowed than for

fallowed soil.

Imbibition was positively correlated with seed-zone water

content at 6, 12, 24, and 48 hours following planting in both

fallowed and non-fallowed soils (Table 20). Imbibition was higher

at any time following planting in fallowed than in non-fallowed with

the same seed-zone moisture content (Fig. 4). This could have been

due to the fact that, as a seed takes up water, the soil in the seed-

soil contact zone become drier. Water will then move from the bulk

soil toward the seed-soil contact zone to replace the imbibed water.

In the less drier soil, the conductivity of the bulk soil would have

been greater. Therefore the replenishment of the imbibed water may

have been greater in the fallowed soil, even when the seed-zone

water content appeared to have been the same.



Table 19. The effect of water injection on seed water uptake (imbibition) as percent of seed dry
weight of winter wheat at two soil water potentials.

Time (hr) following water injection

Treatment 0 6 12 24 48

% seed water

-6 bars (fallowed)

*
Check 12.91 21.47 d 30.99 d 38.00 d 42.85 d
20 ml/m water 12.91 23.09 c 33.63 c 41.00 c 46.95 c
40 ml/m water 12.91 25.02 b 35.94 ab 43.50 b 50.00 b
60 ml/m water 12.91 26.11 a 37.15 a 45.50 a 52.50 a

-8 bars (non-fallowed)

Check 12.91 19.74 d 29.46 d 34.10 d 35.75 d
20 ml/m water 12.91 21.47 c 32.93 c 38.06 c 40.05 c
40 ml/m water 12.91 23.13 b 33.93 b 41.00 b 43.45 b
60 ml/m water 12.91 25.18 a 35.91 a 43.50 a 46.50 a

* Numbers in the same column followed by the different letter for each water potential are
significantly different at the 1% level.



Table 20. Regression equations for predicting seed water uptake (imbibition) from seed-zone
moisture content obtained from average means of all 4 treatments of winter wheat,
where y = seed water uptake (%) and x = seed-zone water content ( %).

Source of samples
Regression
equation

6 hours following planting
12 hours following planting
24 hours following planting
48 hours following planting

6 hours following planting
12 hours following planting
24 hours following planting
48 hours following planting

Fallowed

y = 8.93 + 1.50X
y = 12.30 + 2.32X
y = 8.49 + 3.67X
y = -3.52 + 5.82X

Non-fallowed

y = 5.23 + 1.80X
y = 11.15 + 2.44X
y = 2.58 + 4.28X
y + 6.35X

R
2

F

0.98 90.10 (0.025)*
0.94 29.71 (0.05)
0.94 33.90 (.05)
0.97 31.50 (.05)

0.99 376.19 (.005)
0.94 31.21 (0.05)
0.87 13.32 (0.10)

0.88 15.01 (0.10)

* Level of significance.
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Both seed-zone moisture content and seed water uptake (imbibi-

tion) were significantly higher in fallowed than in non-fallowed

soil (Fig. 5). The difference was probably due to higher moisture

in the soil profile of the fallowed soil which resulted in a higher

water potential (-6 bars) and consequently greater imbibition.

All water injection treatments resulted in significantly better

emergence, seedling height, seedling weight, and seedling leaf area

than that of the checks both in the fallowed and non-fallowed soils

(Table 21, 22, 23, and 24). There was no significant difference,

however, among water treatments for emergence, seedling height,

weight, and leaf area among water injection treatments in the

fallowed soil at 2, 3, 4, and 5 weeks after planting. All the three

water treatments provided sufficient water for emergence to occur in

the relatively wet fallowed soil. Nevertheless the lowest water

injection rate (20 ml/m) improved emergence, seedling height, weight,

and leaf area 45, 49, 48, and 53% over that of check (Table 22).

It indicates that 20 mlJm water injection is quite enough for improve-

ment of emergence and seedling growth at -6 bars soil water potential

(fallowed). It also shows, of course, that these processes are

limited by water availability, even at -6 bars.

There was a differential in water injection treatment response

for emergence and seedling growth in non-fallowed soil (-8 bars) at

2, 3, 4, and 5 weeks after planting (Tables 21, 22, 23, and 24).

The highest water injection rate (60 ml/m) resulted in significantly

better emergence, LA, height and dry weight than that of those two

other water injection rates in the non-fallowed soil at 2, 3, 4 and
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Table 21. The effect of water injection on stand and seedling growth
of winter wheat at 2 weeks after planting.

Treatment Emergence LA Height Dry Weight

( % )
(cm2/m2)

Fallowed

(cm)
(mg/m2)

*
Check 40.7 b 5.5 b 1.14 b 98 b
20 ml/m water 62.0 a 12.1 a 2.39 a 213 a
40 ml/m water 64.7 a 12.9 a 2.53 a 235 a
60 ml/m water 67.0 a 13.7 a 2.68 a 241 a

Non-fallowed

Check 30.0 c 3.4 c .73 c 52 c
20 ml/m water 42.5 b 6.0 b 1.15 b 103 b
40 ml/m water 51.0 b 7.5 b 1.34 b 142 ab
60 ml/m water 65.0 a 11.3 a 2.01 a 191 a

* Numbers in the same column followed by the different letter for
each study are significantly different at the 1% level.
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Table 22. The effect of water injection on stand and seedling growth
of winter wheat at 3 weeks after planting.

Treatment Emergence LA Height Dry Weight

(%)
(cm2/m2)

(cm)
(mg/m2)

*

Fallowed

Check 54.7 b 78 b 4.94 b 557 b
20 ml/m water 79.2 a 116 a 7.36 a 853 a
40 ml/m water 83.2 a 123 a 7.84 a 946 a

60 ml/m water 87.7 a 128 a 8.55 a 984 a

Non-fallowed

Check 45.5 d 42 c 3.71 c 235 d

20 ml/m water 58.2 c 53 bc 4.29 bc 366 c

40 ml/m water 69.5 ab 59 ab 4.73 b 464 ab

60 ml/m water 79.2 a 67 a 5.71 a 539 a

* Numbers in the same column followed by the different letter for
each study are significantly different at the 1% level.
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Table 23. The effect of water injection on stand and seedling growth
of winter wheat at 4 weeks after planting.

Treatment Emergence LA Height Dry Weight

( % )
(cm2/m2)

Fallowed

(cm)
(mg/m2)

*
Check 65.0 b 180 b 7.63 b 1378 b
20 ml/m water 84.7 a 250 a 9.39 a 1859 a
40 ml/m water 89.5 a 260 a 9.33 a 1889 a
60 ml/m water 94.2 a 274 a 10.13 a 1947 a

Non-fallowed

Check 59.7 c 77 c 6.33 c 730 b
20 ml/m water 70.5 bc 85 c 7.08 bc 820 b
40 ml/m water 81.2 ab 103 ab 7.70 ab 895 ab
60 ml/m water 87.5 a 115 a 8.20 a 1050 a

* Numbers in the same column followed by the different letter for
each study are significantly different at the 1% level.
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Table 24. The effect of water injection on stand and seedling
growth of winter wheat at 5 weeks after planting.

Treatment Emergence LA Height Dry Weight

(%)

*

(cm2/m2)

Fallowed

(cm)
(mg/m2)

Check 72 b 364 b 9.81 b 3522 c
20 ml/m water 88 a 494 a 11.33 a 4047 b
40 ml/m water 92 a 523 a 11.57 a 4102 a
60 ml/m water 95 a 527 a 11.75 a 4157 a

Non-fallowed

Check 66 c 141 c 8.00 c 1342 d
20 ml/m water 74 c 160 c 8.93 b 1537 c
40 ml/m water 83 ab 206 b 9.21 b 1729 b
60 ml/m water 89 a 254 a 10.10 a 1890 a

* Numbers in the same column followed by the different letter for
each study are significantly different at the 1% level.
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5 weeks after planting.

Two weeks following planting, both the 20 and 40 ml/m water

injected plots almost equally improved emergence, LA, height and

dry weight over the check (Table 21). Three weeks after planting

40 ml/m water treatment resulted in higher emergence, LA, height

and dry weight than that of the 20 ml/m water treatment (Table 22).

Five weeks after planting the lowest water injection rate, 20 ml/m,

showed emergence and LA similar to that of the check, but 40 ml/m

water injection increased emergence and LA substantially, improving

them 26 and 45%, respectively, over that of the check.

Water injection treatment differences on emergence, LA, height

and dry weight persisted 5 weeks, even at -6 bars soil water

potential. One would expect the effect to be seen only in much

drier soil (-10 to -12 bars). In the unusually wet year of 1981,

one might expect the effect would be temporary. However, the fact

that enhanced imbibition led to more rapid emergence, and the

difference in stand persisted, may indicate that the potential

benefit of water injection extends over a wide range of soil moisture

potentials.

Low soil moisture will increase the length of the period

required for seedling establishment and consequently the seedbed is

subjected to longer periods of exposure to the desiccating conditions

of the environment. Under such conditions, the low rate of water

injection may not be adequate to carry the seed through to estab-

lishment.

Means of all treatments showed that a significantly higher
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seedling emergence and seedling growth occurred in the fallowed soil

compared to non-fallowed (Table 25). Probably this was caused by

previous initial soil moisture content and imbibition.

The emergence rate was affected by the treatments in both

fallowed (-6 bars) and non-fallowed (-8 bars) soils. All water

injection treatments resulted in significantly higher emergence rates

than that of the check (Table 26). Treatment means for emergence

rate index (ERI) increased with increased rate of water injection

resulting in improvements of 33, 39, and 46% over than that of the

check of the fallowed soil and of 21, 40, and 58% over than that of

the check of the non-fallowed soil. The lower water potential of

the non-fallowed soil prolonged the time of emergence, so that it

resulted in a significantly lower ERI (4.64) than that of the

fallowed soil (5.40). The ERI was positively correlated with

seedling height, seedling weight and seedling leaf area in the

fallowed and non-fallowed soils (Table 27). Allan et al. (1962),

and Kittock and Law (1968) showed results similar to these. The

regression equations for predicting seedling height, weight and

leaf area from emergence are given in Table 27 and the relationship

between emergence and seedling growth is shown in Figure 6 for both

fallowed and non-fallowed soils.

If added moisture affects germination and emergence, then the

crop growth should be enhanced. To evaluate this more clearly,

crop growth rates, net assimilation rate and relative growth rates

of the plants in the different treatments were measured during the

fall of 1981.



Table 25. Comparison of fallowed and non-fallowed soil for emergence and seedling growth at different
times obtained from means of all 4 treatments of winter wheat.

weeks
after

planting Emergence Height LA Dry Matter

(%) (cm) (cm2/m2)
(mg/m2)

*
Fallowed 58.6 a 2.18 a 11 a 197 a

2

Non-fallowed 47.1 b 1.31 b 7 b 122 b

Fallowed 76.2 a 7.17 a 111 a 835 a
3

Non-fallowed 63.1 b 4.61 b 55 b 401 b

Fallowed 83.3 a 9.12 a 241 a 1768 a
4

Non-fallowed 74.7 b 7.33 b 95 b 874 b

Fallowed 86.9 a 11.11 a 477 a 3957 a
5

Non-fallowed 78.1 b 9.06 b 190 b 1624 b

* Numbers in the same week followed by the different letter are significantly different at the 1% level.
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Table 26. The effect of water injection on emergence rate index (ERI)
of winter wheat in fallowed and non-fallowed soils.

Treatments

Emergence rate index

Fallowed Non-fallowed

*
Check 4.16 c 3.57 d

20 ml/m water 5.54 b 4.33 c

40 ml/m water 5.80 ab 4.99 b

60 ml/m water 6.09 a 5.67 a

* Numbers in the same column followed by the different letter are
significantly different at the 1% level.
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Table 27. Regression equations for predicting height, dry weight,
and leaf area from emergence index rate (ERI) obtained
from means of 4 weeks samples of winter wheat, where
y = factor indicated and x = ERI.

Source of
Samples Regression Equation R

2
F

Height (cm) y =
Dry weight (mg) y =
Leaf area (cm) y =

Height (cm) y =
Dry weight (mg) y =
Leaf area (me) y =

Fallowed

0.78 + 1.23X 0.99 784.50 (0.005)*
409.48 + 237.07X 0.99 252.64 (0.005)
-17.75 + 42.26X 0.99 309.86 (0.005)

Non-fallowed

1.68 + 0.84X 0.98 161.16 (0.01)
32.97 + 155.76X 0.99 13261.24 (0.005)
16.07 + 22.28X 0.97 81.83 (0.025)

* Level of significance.
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Values of crop growth rate (CGR), net assimilation rate (NAR),

and relative growth rate (RGR) during three time intervals are given

in Table 28. These data indicate that CGR values increased with

water injection and increased in time. Generally, the lowest CGR

values were found during the early seedling growth (second to

third week following planting). The maximum CGR values were found

during the fourth and fifth week following planting. In the

fallowed soil all water injection treatments resulted in higher CGR

than that of check. Apparently, the seedlings in the water injected

plots responded to more favorable environmental conditions by

increasing the production of seedling dry matter. The same phenomenon

can be seen in comparing the soils. The CGR was greater in the

fallowed than in the non-fallowed soils.

NAR at a given time represents the increase in whole plant dry

matter per unit leaf area per unit of time and is a physiological

index closely connected with the photosynthetic activity of the

leaves (Evans, 1972). The data indicate that values of NAR were

highest during early seedling growth and decreased during subsequent

growth stages.

Values of the relative growth rate (RGR) also are presented in

Table 28. The greatest RGR values were found in second to third

week following planting and generally declined thereafter as the

growth progressed. The effects of water injection appeared to show

higher RGR values than that of check in fallowed and non-fallowed

soils.

These results show that the difference in seedling growth rates



Table 28. Crop growth rate (CGR), net assimilation rate (NAR), and relative growth rate (RGR) of
winter wheat in fallowed and non-fallowed soils during three time intervals.

CGR NAR RGR

Fallowed Non-fallowed Fallowed Non-fallowed Fallowed Non-fallowed

Treatments mg cm
-2

week
-1

mg cm
-2

week
-1

mg mg
-1

week
-1

Check 1141 b* 430
NS NS

10.5 b 8.6 1.19 b 1.08 b

20 ml/m water 1278 a 477 8.6 a 8.2 0.98 a 0.90 ab

40 ml/m water 1289 a 529 8.5 a 7.9 0.95 a 0.84 a

60 ml/m water 1305 a 566 8.4 a 7.1 0.95 a 0.77 a

Interval
t

2-3 638 c 279 c 14.9 b 11.9 b 1.48 b 1.25 b

3-4 933 b 472 b 6.4 a 6.6 a 0.76 a 0.82 a

4-5 2188 a 750 a 5.6 a 5.5 a 0.82 a 0.62 a

Numbers in the same column followed by the different letter for each study are significantly
different at 5% level.

NS
Results not significantly different.

t Time interval:weeks following planting.
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was due to the soil moisture content. Generally, the water injection

treatments accumulated greater amounts of dry matter and leaf area

and had higher CGR than did the checks in both the fallowed and non-

fallowed soils. Values of NAR and RGR were highest during the

early seedling growth and decreased as growth progressed.

Conclusions

Several observations were made from this study. In general

all three water injections rates (20, 40 and 60 ml/m) improved seed

water uptake (imbibition), emergence, rate of emergence, and

seedling growth, over that of check in both fallowed and non-

fallowed soils. Treatment means for seed-zone moisture content and

seed water content increased with increased rate of water injection.

The lowest water injection rate, 20 ml/m, had the potential to insure

that seeds are surrounded by moist soil and resulted in greater

emergence and seedling growth than that of the check, in the fallowed

soil (-6 bars). The lower water potential of the non-fallowed (-8

bars) soil permitted less seed water uptake, thereby decreasing

emergence, rate of emergence, and seedling growth, compared to the

fallowed soil. A higher water injection rate, 40 ml/m, was needed

in the -8 bar soil to improve stand establishment and seedling growth

over that of the check. Shoot length has been shown to be a good

indicator of seedling vigor and has been associated with stand

establishment. Emergence rate index was positively correlated

with seedling height, seedling dry weight and leaf area. Water

injection treatments were more effective in improving moisture
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content, imbibition, emergence, rate of emergence, and seedling

growth in the drier non-fallowed soil than in the fallowed soil.

All water injection treatments resulted in higher CGR than that

of the check in the fallowed soil. Generally, the lowest CGR and

the highest NAR and RGR values were found during the early seedling

growth. CGR increased but NAR and RGR decreased as growth progressed.

The CGR was greater in the fallowed than in the non-fallowed soil.

The results of this study indicate a potential for water

injection at planting as a means of improving winter wheat stand

establishment, especially at lower soil water potentials.
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OVERALL CONCLUSIONS

Under conditions of limited moisture supply in a wheat-fallow

production system, obtaining adequate stands of wheat seed is

complicated by a low seed-zone water content. In such dry soils,

water injection with the seed has the potential to insure that each

seed is surrounded by moist soil and is provided with a reserve of

moisture to carry the seedling through to establishment. Injection

of water increased seed-zone moisture content and the water stayed

in near the seed long enough to permit more rapid germination and

resulted in the highest stand establishment, plant development and

yield under different soil water potentials. The 20 ml/m row water

injected into the seed-zone was enough to improve stands, and plant

growth under -6 bars, but 40 ml was needed under -8 and -9 bars.

Under -11 and -15 bars tension still higher rates of water injection

(50 and 60 ml/m row) were needed for optimum emergence (80%).

Several researchers have shown that nutrients can become

limiting to seedling establishment in dry soil. In this study,

however, none of the starter fertilizer treatments gave higher

results than water alone. Higher rates of water injection with low

concentration of fertilizer such ammonium phosphate (combinations

of 40, 50, and 60 ml/m water with 1 to 5 ml/m 10-34-0) gave equally

high results with the water only treatments, but all higher concen-

tration of fertilizer caused suppression of germination.

Cultivars did not differ in stand establishment and plant

growth due to water and fertilizer injection.
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The results of this investigation indicate a potential for

water injection at planting especially in drier soils. Adding

water to soil increased germination and emergence rate and seedling

vigor in both growth chamber and field experiments over a range of

soil moistures from -15 to -6 bars. An effect was anticipated on

the drier soils but it was a surprise to find significant effects

on seedling emergence, leaf area, height and dry weight in a soil

as moist as -6 bars at planting.

A major question for practical application of this research is

how practical is it to add sufficient water to get a position impact.

In the soil as dry as -6 bars 20 ml/m row gave a significant response

in germination, seedling vigor (one year test only). At a row

spacing of 33 cm, 20 ml/m would equal an injection of 600 1/ha (55

gal/A). Thus, the results of these studies suggest the practicality

of further field testing of these concepts.
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Appendix Table 1. Soil analysis for the Walla Walla silt loam soil of Sherman Agricultural Experiment
Station, Moro, Eastern Oregon.

Soil Depth (cm)

Soil property 0-15 15-30 30-60 60-90 90-120 120-150 150-180

Total Nitrogen % 0.06 0.06 0.05 0.04 0.03 0.02 0.02

Sulfate sulfur (ppm) 1.97 1.20 1.36 1.56 1.64 2.89 2.65

Phosphorus (ppm) 25 22 13 11 8 3 4

Extractable cations

Potassium (ppm) 429 410 285 246 215 164 109

pH 6.3 6.4 7.9 8.1 8.4 8.6 9.0



Appendix Table 2. Average monthly precipitation and temperature data in 1978-79, 1979-80, and 1980-81
crop year and long term averages at Sherman Experiment Station, Moro, Eastern Oregon.

Month

Rainfall Temperature

78-79
crop year

(mm)

79-80
crop year

(m)

80-81

crop year

(mm)

10 year
average

(mm)

78-79
crop year

(°C)

79-80
crop year

(°C)

80-81
crop year

(°C)

10 year
average

(°C)

Sept. 8.38 13.46 10.67 10.4 14.00 16.72 14.0 15.0

Oct. .25 65.79 20.07 19.8 9.72 11.50 9.39 7.4

Nov. 20.07 56.64 43.94 46.2 .17 1.17 4.39 4.4

Dec. 17.53 16.51 74.93 49.3 -1.17 2.22 2.89 .5

Jan. 40.39 86.61 30.99 36.3 -9.28 -4.06 1.17 0.0

Feb. 39.12 46.48 38.61 23.1 .89 .56 1.94 3.3

Mar. 25.15 23.88 16.51 20.6 6.11 4.44 5.83 5.0

Apr. 26.92 22.61 10.41 19.1 8.28 9.67 7.83 7.8

May 7.11 32.26 26.92 16.8 13.17 11.78 11.44 11.7

June 2.54 34.80 29.21 14.5 16.44 13.67 13.78 16.7

July 1.78 4.06 5.08 3.3 20.61 19.56 18.22 20.0

Aug. 28.45 2.79 0.00 11.0 19.33 17.33 20.72 19.47

Annual 217.69 405.89 307.34 270.4 8.19 8.71 9.30 9.44

°o
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Appendix Table 3. Fallow precipitation at the Sherman Experiment Station,
Moro, Eastern Oregon based on 65 years (1912-1976).

cumulative precipitation
Fallow (Sept-Aug) probability

(mm) (%)

Dry Fallow 206-261 21.5

Normal Fallow 262-370 60.0

Wet Fallow 371-429 18.5



Appendix Table 4. Mean square values from analysis of variance for % emergence of winter wheat
cultivars at different rates of adding water to two soil water potential levels
in the 1979 Growth Chamber study.

Source of variation df

Mean Square Value

% emergence at -11 bars % emergence at -15 bars

40 ml/m row
water added

50 ml/m row
water added

60 ml/m row
water added

Replication (Rep.) 3 12.708* .757 1.267

Cultivar (Cult.) 1 .125 1.220 .100

Rep. X Cult. 3 1.208 .493 6.567

Fertilizer (Fert.) 3 4736.458** 7248.961** 6536.600**

Cult. X Fert. 3 .458 .539 .600

Error 18 1.514 2.500 1.000

Total 31

LSD 1.770 2.211 1.398

* **
' Represent significant at the 5 and 1% levels of probability.



Appendix Table 5. Mean square values from analysis of variance for emergence rate index (ERI) of winter
wheat cultivars at different rates of adding water to soil water potential levels in
the 1979 growth chamber study.

Source of variation df

Mean Square Value

ERI at 11 bars ERI at 15 bars

40 ml/m row
water added

50 ml/m row
water added

60 ml/m row
water added

Replication (Rep.) 3 .0004 .00016 .01829

Cultivar (Cult.) 1 .00025 .00015 .00484

Rep. X Cult. 3 .00049 .00116 .13315

Fertilizer (Fert.) 3 49.09154** 76.83483** 71.22694**

Cult. X Fert. 3 .00011 .00029 .00216

Error 18 .00127 .00039 .02005

Total 31

LSD
Fert. .05135 .02762 .19804

**
Represent significant at the 1% level of probability.



Appendix Table 6. Mean square values from analysis of variance for % seedling emergence, seedling
height, % plant emergence, plant dry matter, leaf area index (LAI) and emergence
rate index (ERI) of winter wheat cultivars in the 1979-80 field study.

Source of variation df

Mean Square Value

% Seedling
Emergence

Seedling
Height

% Plant
Emergence

Plant
Dry Matter LAI ERI

Replication (Rep.) 3 34.542 4.143 5.799 1.551 .00005 .021

Cultivar (Cult.) 1 12.128 .236 5.561 1.527 .00003 .037

Rep. X Cult. 3 19.844 .606 1.160 .599 .00003 .017

Fertilizer (Fert.) 3 184.798** 14.367** 1866.208** 1.930** .00031** 5.636

Cult. X Fert. 3 10.755 .080 .231 .084 .00001 .007

Error 18 7.723 .197 6.026 .0757 .00001 .029

Total 31

LSD
Fert.

3.998 .639 3.532 .395 .00479 .249

**
Represent significant at the 1% level of probability.



Appendix Table 7. Mean square values from analysis of variance for components of yield and grain
yield of winter wheat cultivars in the 1979-80 field study.

Mean Square Value

Source of variation df Spikes/m2 Kernels/spike Kernel weight Grain yield

Replication (Rep.) 3 624.703 9.698 3.531 1432766.7

Cultivar (Cult.) 1 8201.633 2329.031*** 3100.781*** 2603190

Rep. X Cult. 3 2551.385 28.531 1.447 365566.67

Fertilizer (Fert.) 3 5798.224* 68.948** 21.198*** 548203.33*

Cult. X Fert. 3 1665.062 855.906*** 4.614*** 271443.33

Error 18 1685.071 14.670 .767 145261.67

Total 31

LSD
Fert.

43.123 4.887 1.260 400.379

* ** ***
" Represent significant at the 5, 2.5 and 1% levels of probability.



Appendix Table 8. Mean square values from analysis of variance for regression of seedling height,
plant dry matter and grain yield in the 1979-80 field study.

Mean Square Value

Source of variation df Seedling height Plant dry matter Grain Yield

Regression 1 5.225** .645* 205016.94***

Residual 2 .077 .038 284.215

* ** ***
2 f Represent significant at the 5, 2.5 and 1% levels of probability.



Appendix Table 9. Mean square values from analysis of variance for % emergence of winter wheat in the
1980 growth chamber experiments.

Source of variation df

Mean Square Value

N

experiment
NP

experiment
NPII

experiment
NPK

experiment
NPS

experiment
NP KS

experiment

Replication (Rep.) 3 1.521 .305 2.723 6.972* 3.188* 4.466

Water 1 2867.522** 2670.083** 2852.087** 2790.75** 2867.522** 2715.022**

Rep. X Water 3 .743 .305 .471 .750 .187 2.854

Fertilizer (Fert.) 5 1094.121** 1176.700** 1082.034** 1145.500** 1135.371** 1088.471**

Water X Fert. 5 106.021** 117.633** 135.183** 153.500** 123.471 128.971**

Error 30 1.349 1.789 2.664 3.211 2.354 2.343

Total 47

LSD
Fert.

1.596 1.839 2.244 2.463 2.109 2.105

* **
' Represent significant at the 5 and 1% levels of probability.



Appendix Table 10. Mean square values from analysis of variance for emergence rate index (ERI) of
winter wheat in the 1980 growth chamber experiments.

Source of variation df

Mean Square Value

N

experiment
NP

experiment
NPII

experiment
NPK

experiment
NPS

experiment
NPKS

experiment

Replication (Rep.) 3 .00022 .00112 .0429 .19383** .05999* .00802

Water 1 8.32500** 8.13456** 9.38104** 7.80854** 8.10985** 8.92691**

Rep. X Water 3 .00027 .00023 .07142 .00267 .00370 .03750

Fertilizer (Fert.) 5 14.634** 15.12409** 13.93704** 15.70077** 16.21393** 15.07671**

Water X Fert. 5 .325 .32609** .38717** .46947** .28873 .44874

Error 30 .00024 .00097 .02428 .02503 .03246 .03405

Total 47

LSD
Fert.

.02151 .04284 .21425 .21754 .24774 .25371

* **
' Represent significant at the 5 and 1% levels of probability.



Appendix Table 11. Mean square values from analysis of varianc for % seedling emergence, seedling
height, emergence rate index (ERI), culms/m, % plant emergence and plant height
of winter wheat in the 1980-81 field study.

Source of variation df

Mean Square Value

% Seedling
Emergence

Seedling
Height ERI Culms/m

2
Plant

Emergence
Plant
Height

Replication 3 2723.520** 29.870** 9.398** 29670.201
NS

2529.691** 104.281
NS

Treatment 26 234.296** 3.742* .781** 20617.147
NS

184.182** 70.894
N5

Error 78 34.153 1.786 .124 16419.565 22.717 44.294

Total 107

LSD
Treatment

10.992 2.258 .662 8.965 7.864

Ns * **
" Represent not significant, and significant at the 2.5 and 1% levels of probability.



Appendix Table 12. Mean square values from analysis of variance for plant dry matter, leaf area
index (LAI), specific leaf weight (SLW); and % leaf nitrogen (N), phosphorous
(P) and potassium (K) content of winter wheat in the 1980-81 field study.

Source of variation df

Mean Square Value

Plant dry
matter LAI SLW %N %P %K

Replication 3 9937.083** 2.978** 1914.314
NS

1.771
NS

.059** .305
NS

Treatment 26 894.477** .239** 52.716
NS

.350
NS

.013** .269
NS

Error 78 276.186 .097 2581.964 .429 .006 .190

Total 107

LSD
Treatment

31.258 .586 .142

NS
'

** Represent not significant and significant at the 1% level of probability.



Appendix Table 13. Mean square values from analysis of variance for components of yield and grain
yield of winter wheat in the 1980-81 field study.

Source of variation df

Mean Square Value

Spikes/m2 Kernels/spike Kernel weight Grain yield

Replication

Treatment

Error

Total

LSD
Treatment

3

26

78

107

25496.758
NS

NS
2563.786

1992.712

276.704
NS

20.25**

6.492

4.792

474.002**

16.930**

7.782

5.248

2840830.000**

388978.080**

182137.760

802.724

NS," Represent not significant and significant at the 1% level of probability.



Appendix Table 14. Mean square values from analysis of variance for regression of seedling height,
plant dry matter and grain yield in the 1980-81 field study.

Mean Square Value

Source of variation df Seedling height Plant dry matter Grain yield

Regression 1 13.451** 4583.263** 3607459.800**

Residual 25 .259 48.946 128278.560

**
Represent significant at the 1% level of probability.



Appendix Table 15. Mean square values from analysis of variance for % seed-zone moisture content of
injection of three water rates to two soil water potentials at different time in
the 1981-82 field study.

Source of variation df

% seed-zone moisture content at different
time (hr) following water injection

0

MS
6

MS

12

MS
24
MS

48
MS

-6 bars (fallowed)

Replication 3 .049 .031 .041 .008 .003

Treatment 3 10.822** 7.341** 5.136** 2.957** 1.926**

Error 9 .059 .060 .062 .028 .025

Total 15

LSD
Treatment

.561 .565 .571 .384 .366

-8 bars (non-fallowed)

Replication 3 .078 .146 .098 .036 .026

Treatment 3 11.448** 7.272** 4.701** 3.095** 1.859**

Error 9 .015 .016 .026 .013 .008

Total 15

LSD
Treatment

.285 .291 .376 .259 .202

**
Represent significant at the 1% level of probability.



Appendix Table 16. Mean square values from analysis of variance for % seed water uptake (imbibition)
of winter wheat at different time under two soil water potential levels in the
1981-82 field study.

Imbibition at different time (hr) following water injection

6 12 24 48
Source of variation df MS MS MS MS

-6 bars (fallowed)

Replication 3 2.591*
NS

.727 4.372** 9.966**

Treatment 3 16.901** 29.556** 42.000** 85.269**

Error 9 .428 .426 .258 .201

Total 15

LSD
Treatment

1.503 1.499 1.168 1.031

-8 bars (non-fallowed)

Replication 2.039** 2.046** 6.087** 4.509**

Treatment 23.579** 29.623** 65.372** 69.136**

Error .068 .018 .350 .072

Total

LSD
Treatment

.598 .313 1.360 .618

S,*
'

**
Represent not significant and significant at the 5 and 1% level of probability.



Appendix Table 17. Mean square values from analysis of variance for regression of imbibition at
different time under to soil water potential levels in the 1981-82 field study.

Mean Square Value

Source of variation df 6 hr 12 hr 24 hr 48 hr

-6 bars (fallowed)

Regression 1 12.421*** 20.755** 29.744** 48.757**

Residual 2 .137 .698 .877 1.547

-8 bars (non-fallowed)

Regression 1 17.586**** 20.926** 42.632* 56.431*

Residual 2 .046 .670 3.201 3.760

* ** *** ****
3 Represent significant at the 10, 5, 2.5 and 1% levels of probability.



Appendix Table 18. Mean square values from analysis of variance for % emergence, leaf area (LA),
height and dry weight of winter wheat 5 weeks following planting under two soil
water potential levels in the 1981-82 field study.

Mean Square Value

Source of variation df % Emergence LA Height Dry weight

-6 bars (fallowed)

Replication 3 9.563 238.968 .023 753.000

Treatment 3 405.730** 23696.772** 3.128** 34410.000**

Error 9 18.117 1556.298 .304 3816.000

Total 15

LSO
Treatment 9.782 90.659 1.266 141.968

-8 bars (non-fallowed)

Replication 3 13.895 72.581 .104 3201.25

Treatment 3 420.229** 10178.108** 2.993** 224750.25**

Error 9 13.118 156.816 .069 2302.271

Total 15

LSD
Treatment 8.323 28.778 .606 110.267

**
Represent significant at the 1% level of probability.



Appendix Table 19. Mean square values from analysis of variance for emergence rate index (ERI) under
two soil water potential levels in the 1981-82 field study.

Mean Square Value

Source of variation df -6 bars (fallowed) -8 bars (non-fallowed)

Replication 3 .102 .057

Treatment 3 2.939** 3.242**

Error 9 .069 .030

Total 15

LSD
Treatment

.606 .399

**
Represent significant at the 1% level of probability.



Appendix Table 20. Mean square values from analysis of variance for regression of seedling height, dry
weight and leaf area, obtained from average means of 4 weeks samples of winter
wheat under two soil water potential levels in the 1981-82 field study.

Source of variation df

Mean Square Value

Height Dry Weight Leaf Area

-6 bars (fallowed)

Regression 1 3.301** 123270.13** 3916.112**

Residual 2 .004 487.93 12.638

-8 bars (non-fallowed)

Regression 1 1.713** 58820.218** 1203.453*

Residual 2 .011 4.435 14.706

* **
' Represent significant at the 2.5 and 1% levels of probability.



Appendix Table 21. Mean square values from analysis of variance for crop growth rate (CGR), net
assimilation rate (NAR), and relative growth rate (RGR) of winter wheat under
two soil water potential levels in the 1981-82 field study.

Mean Square Value

Source of variation df CGR NAR RGR

-6 bars (fallowed)

Time 2 2711139.700** 104.959** .644**

Treatment 3 17116.013** 3.086** .041**

Error 6 3153.660 .164 .003

Total 11

LSD
Treatment

112.201 1.228 .169

-8 bars (non-fallowed)

Time 2 224830.61** 47.362** .412**

Treatment 3 10586.947
NS

1.242
NS

.055*

Error 6 3902.689 .739 .016

Total 11

LSD
Treatment

.201

* **
' Represent significant at the 5 and 1% levels of probability.


