YIELD AND WATER USE EFFICIENCY OF DIFFERENT PLANT
POPULATIONS OF DRYLAND CORN AND SORGHUM
by
Rajiv Khosla

Thesis submitted to the Faculty of the
Virginia Polytechnic Institute and State University

in partial fulfillment of the requirements for the degree of

MASTER OF SCIENCE
in

Crop and Soil Environmental Science

APPROVED:
AN/ Voo L.
A LK a/}z’vv\jf" A A
Dr. Naraine Persaud, Chair Dr. Marcus M. Alley

St ao Youga T ol

Dr. Daniel E. Brann Dr. Norris L.Powell

July 31, 1995

Blacksburg, Virginia

Key words:  water use, water use efficiency, dryland, sorghum, corn, plant population.



L




YIELD AND WATER USE EFFICIENCY OF DIFFERENT PLANT
POPULATIONS OF DRYLAND CORN AND SORGHUM
by
Rajiv Khosla
Dr. Naraine Persaud, Chairman.

Crop and Soil Environmental Sciences

(ABSTRACT)

Two field experiments were conducted at the Tidewater Agricultural Research and
Extension Center, in Suffolk, Virginia, during summer 1994, on a Uchee loamy sand
(fine, loamy, siliceous, thermic Arenic Hapludult) with relatively low water holding
capacity. The objective was to determine the effect of plant population on yield,
water use, and water use efficiency, of one cultivar of corn (Zea mays L.) and two
cultivars of sorghum (Sorghum bicolor (L.) Moench). Plant population treatments
for corn were 37, 49, and 62 thousand plants ha -1 of cultivar Pioneer 3140 on a 91-
cm inter-row spacing. For sorghum, treatments were factorial combinations of plant
populations of 54, 109, 158, and 202 thousand plants ha-! and cultivars Dekalb-48
and Southern States 1212 on a 46-cm inter-row spacing. Experimental plots were laid
out in randomized complete blocks with four replications. Soil water measurements
were taken non-destructively at 10-day intervals after planting and at 20-cm intervals
to a depth of 1.7 m in the center of each plot, using a Sentry AP-200 moisture probe.
Overall mean grain yield for corn was 3909 kg ha-l. For sorghum, it was 4800 kg ha-!
for cultivar Dekalb-48 and 4740 kg ha-! for cultivar Southern States-1212. Soil water
measurements showed that soil water stress occurred during tasseling of corn at 75 to
83 days after planting. This stress occurred just prior to the boot stage for sorghum

at 60 to 68 days after planting. Crop water use, averaged over all treatments, was 494
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mm for corn and 424 mm for sorghum. For corn, plant population did not influence
grain yield and crop water use. Water use efficiency ranged from 0.748 to 0.873 kg
m-3. For sorghum, there was no interaction between plant population and cultivar.
Grain and dry matter yield, crop water use, and water use efficiency were similar for
both the cultivars. Significant plant population effects were obtained for both
sorghum cultivars. Grain and dry matter yield were depressed at the lowest plant
population. Water use efficiency for sorghum increased non-linearly with increase in

plant population from 0.944 to 1.354 kg m-3.
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Chapter 1

INTRODUCTION

Corn (Zea mays L.) is a major grain crop in the continental United States
of America. Itis grown in the mid-Western and mid-Atlantic States including Virginia.
Historically, grain corn has ranked second to hay crops in total cropped area in Virginia.
Among the five physiographic regions of Virginia, the Coastal Plain accounts for the
largest share of corn produced in the State. Crops in the Coastal Plain are mostly grown
under dryland conditions and in many cases on soils with relatively low water holding
capacity. Dryland conditions in this context imply the possibility of inadequate rainfall
or soil moisture during portions of the growing season. Droughts in Virginia in the years
1980, 1983, 1986, 1987 and 1989 resulted in severe reductions in crop yields, especially
for crops grown under dryland conditions on soils with low water holding capacity. The
state average corn yield in the drought years ranged from 2800 kg ha! to 3100 kg ha-!
compared to 5600 kg ha-! to 7200 kg ha-! in normal to good years. Consequently, the
cropland harvested for grain corn decreased by almost half, from 247,000 hectares to
138,000 hectares, between 1980 and 1990 (Thornsbury et al. 1993). This decrease
occurred primarily in the Coastal Plain. By 1989, the area cropped to grain corn was
ranked a distant third after hay crops and soybean. It was 71,000 hectares less than the

area cropped to soybean.

Lack of an adequate supply of water for transpiration is the most

important factor limiting the growth and yield of dryland crops. The amount of water
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required by dryland crops in Virginia usually exceeds the amount of rainfall, especially
between the middle and the end of the growing season (Thornsbury et al. 1993).
Optimum yields of dryland crops therefore depend on whether there is an adequate
supply of water stored in the soil to meet the demand during periods of deficit rainfall.
One of the major aims of water management practices in dryland crop production, is to
increase soil water storage and availability. One management option is to adjust the plant
population of dryland crops according to the amount of water available during the
growing season. However, lowering plant populations can reduce the crop yields and
may not be an economically viable management practice. Alternatively, a crop that
requires less water, or has a high water use efficiency, could be grown. Corn has a
relatively high water requirement for its optimal growth, development, and yield. Most
of the dryland corn produced in Virginia is used in animal feeds. Growing an alternative
crop that has similar yield and nutritional value, a lower water requirement, and a higher
water use efficiency compared to corn, can help reduce the drought risk associated with

dryland production of feed grains in Virginia's Coastal Plain.

Sorghum (Sorghum bicolor (L.) Moench) is widely grown in the Great
Plains of the United States and in several other arid and semi-arid regions of the world. It
is adapted to agro-climatic conditions in Virginia but has not been widely grown in the
State. Sorghum is considered to be more drought tolerant than corn and better adapted to
drier climatic conditions. Unlike corn, it has the ability to become semi-dormant during
drought periods and then resume its growth when the soil water supply improves. In
addition, its leaves roll in response to drought stress, thereby exposing less surface area
for transpiration. The surface of sorghum leaves and stalks have a wax covering which

further increases its tolerance to drought stress. It has a relatively low transpiration ratio
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l.e., the amount of water it transpires to produce a unit amount of plant dry matter.
Finally, it has an extensive and exhaustive fibrous root system, that has an absorption
area about twice that of corn (Bennett, et al., 1990). These factors indicate that sorghum
may have a lower water requirement and a higher water use efficiency than corn. Grain
sorghum may also have similar yield potential as corn. In a recent study in Maryland,
Bender et al. (1993) reported a yield of 5145 kg ha~! for sorghum as compared to 4455 kg
ha-! for corn on a Matapax silt loam soil. Sorghum may therefore be a good substitute for
corn in Virginia's Coastal Plain, especially on the more droughty soils with low water
holding capacity. However, before this can be suggested to farmers, further study is
needed to obtain information on yields and water use efficiency of sorghum under dryland
conditions. In addition, similar information is needed for corn in order to make a

comparison of the relative benefits of growing sorghum as an alternative feed grain crop.

To meet this need a field study was conducted to compare the yields and
water use efficiency of different plant populations of corn and sorghum under dryland
conditions, on a soil with a relatively low water holding capacity in the Coastal Plain of-

Virginia. The specific objectives of this study were:

i. to measure the crop water use, and the water use efficiency of dryland corn and
sorghum,

ii. to determine the effect of three plant populations of dryland corn and four plant
populations of dryland sorghum on the grain yield, crop water use, and water use

efficiency,
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iii. to determine the grain yield, crop water use, and water use efficiency of two cultivars

of sorghum.
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Chapter 11

LITERATURE REVIEW

Water Use Efficiency of Dryland Crops

Fresh water is indispensable for the growth of crop plants. About 98% of
the sum total of the earth's water resources is in the oceans (Van der Leeden et al., 1990)
and unsuitable for use in crop production. Crop yields are more dependent on an
adequate supply of fresh water than on any other single factor for plant growth (Kramer,
1983). Rain and snow melt are the only sources for meeting the water requirements of
dryland crops. Only a portion of the total rainfall or snowfall is used by dryland crops.
Most of this portion passes through the plant and is returned to the atmosphere by
transpiration. The portion retained in plant tissues is small compared to the amount of
water transpired. The remainder is either stored in the soil, or is lost by drainage and by

evaporation from the soil surface.

It is difficult to separate the water transpired from soil evaporation losses.
However, the sum of both is relatively easy to measure. It is usually termed as the total
water requirement, evapo-transpiration, or crop water use. The crop water use per unit
of yield is the crop water use efficiency (Hillel, 1980). Only the water transpired
contributes to the growth and yield of dryland crops. Almost all plant physiological

processes are affected directly or indirectly by the supply of water for transpiration.
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Proper functioning of the physiological processes involved in plant growth and
development requires an adequate supply of water to maintain the required turgor in the
tissues. This supply is controlled by the relative rates of absorption of soil water by the
roots and its loss by transpiration (Kramer, 1983). The rate of absorption of soil water
by plant roots depends on the soil water status in the root zone. It has long been
recognized that there is a relationship between the status of water in the soil surrounding
the plant roots and the status of water in the plant tissues (Gardner, 1968). Soil chemical
and physical characteristics not only influence the soil water status but also impose
physical, chemical, and biological limitations on root growth and function, which in turn

affect absorption of soil water (Russell, 1973; Cassell, 1983).

Two important concepts came out of the early studies on soil water status
and plant growth and development. The first was the field capacity concept (Israelson
and West, 1922; Veihmeyer and Hendrickson, 1927). Field capacity, is the soil water
content after cessation of free drainage under gravity. It is also called the water holding
capacity or the maximum retentive capacity of soil, i.e., the maximum amount of water
that a soil can retain against gravity. Water added to a soil above field capacity would
therefore percolate downwards under the influence of gravity until the rate of drainage
becomes negligible. Field capacity depends upon the soil texture and the distribution of
macro-pores (>0.06 mm diameter) and micro-pores (<0.06 mm diameter) in the soil.
Heavy-textured clay soils have a higher field capacity compared to light-textured sandy
soils. At field capacity, the soil water is held largely in the micro-pores of the soil, while
the macro-pores are either empty or only partially filled with water. Field capacity for
most soils corresponds to the soil water content at pressures ranging from -0.01 to -0.03

MPa (Brady, 1990).
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The second concept was the permanent wilting point (Hendrickson and
Veihmeyer, 1945). It gained wide acceptance as the soil water content at which water
absorption by plant roots becomes negligible. At the permanent wilting point, the plant
remains wilted, and will ultimately die, unless water is applied to the soil (Kramer, 1983).
For most crop plants the permanent wilting point is taken as the soil water content at
-1.5 MPa pressure (Gardner, 1986). The concept of permanent wilting point as a soil
constant, has been strongly criticized because it varies among plant species and between
cultivars of the same species (Slayter, 1957). However, since the cell sap of most crop
plants have an osmotic potential in the range of -1.5 to -2.0 MPa, the soil water content
at -1.5 MPa pressure has been accepted as the lower limit for extraction of water by

plants (Kramer, 1983).

The foregoing ideas led to the concept of plant available water as the soil
water held between field capacity and the permanent wilting point. On the basis of their
studies Veihmeyer (1955) concluded that soil water is equally available for plant
transpiration over the entire range of availability, from field capacity to permanent wilting
point. However, it was found later that water availability decreases as the soil water
content decreases between the field capacity and the permanent wilting point (Richards

and Wadleigh, 1952).

Yield is closely related to water transpired, which is closely related to soil
water availability. The potential of a soil to produce a crop, under conditions of adequate
fertility and proper management, is largely determined by the soil's capacity to store and

supply water to the crop (Leeper et al., 1974).
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A considerable amount of work has been carried out, and several
approaches have been used, to determine the response of various grain crops to soil water
status and availability (Salter and Goode, 1967). These studies can be broadly divided
into two groups, namely estimation of crop water use and water use efficiency (Martin et
al., 1976) and identification of the critical growth periods of crops in relation to water
availability and use by plants. The practical aim for all these studies was to suggest soil

and crop management practices suitable for particular regions and/or conditions.

Briggs and Shantz (1912, 1914) measured the water use from planting to
maturity for about 150 kinds of plants at Akron, in eastern Colorado. They found crop
water use efficiencies, expressed as grams of water used per gram of dry matter produced,
ranging from 216 g for millets to 1131 g for the native weed Franseria sp. Earlier works
correlated low crop water use with drought tolerance. However, it was realized later that
the water use of a crop varies with soil and weather conditions (Kramer, 1983). The crop
water use varied from 250 to 400 mm for maize and from 600 to 1000 mm for alfalfa over

a period of 7 years in research carried out in Akron, Colorado (Miller, 1938).

The term critical period, used in relation to water use by crops refers to any
period during which lack of adequate supply of soil water significantly affects the crop
dry matter and/or grain yield. The term critical period is used to describe the stage of
plant development at which the plant appears to be particularly sensitive to the effects of
meteorological factors (Salter and Goode, 1967). A more specific term: "moisture-
sensitive period" (Salter and Goode, 1967) was proposed for a period in the growth and
development of a plant during which the plant is more sensitive to soil water conditions

as compared to other stages of plant development.
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Corn (Zea mays L.) is thought to have originated in America, and is among
the major food grain crops in the world. Because of its importance as a base for human
food, animal feed, and industrial products, the growth, development, and yield of corn
have been extensively studied and researched. Comparatively less study has been done

on factors controlling its water use and water use efficiencies.

Ritchie and Hanway (1982) has developed a set of growth and
developmental stages for corn that are widely accepted. These are listed in the Table 1.
The greatest need for water by corn occurs at the time of silking or shortly thereafter
(Waldren, 1983). Research has shown that lack of water or water stress at the time of
tasseling and silking causes the greatest reduction in the yield. Water stress can reduce
grain yield by 25% when it occurs prior to silking and by 50% when it occurs at silking,
and by 21% when it occurs after silking (Denmead and Shaw, 1960). However, length of
the stress period is also important. Occurrence of water stress to the stage of wilting for
2 days during tasseling or pollination can result in as much as 22% decrease in yield, while
a 6-8 days period of continuous soil water deficit can cause a yield reduction of about

50% (Robins and Dominga, 1953).

The growth, development, and water use of sorghum have been less
studied compared to corn. Historically, grain sorghum has been among the major cereal
crops used for human food. It is thought to have originated in Africa and the Indo-Asian
region (Hartley, 1958; Celarier, 1956). It is one of the world's oldest domesticated crops.
The different growth and development stages of the sorghum crop as given by Vanderlip
(1993) are presented in the Table 2. The greatest need for water by the sorghum crop

occurs at the boot, flowering, and the grain formation stages (Bennett et al., 1990).
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Table 1. Vegetative and reproductive growth stages of corn¥

Vegetative Stages

VE plant emerges from soil
Vi first leaf

V2 second leaf

V3 third leaf
V(n) nth leaf

VT tasseling

Reproductive Stages

R1 silking

R2 blister

R3 milk

R4 dough

R5 dent

R6 physiological maturity

T This system accurately identifies the stages of a corn plant. However, all plants in a given field will not
be in the same stage at the same time. When staging a field of corn, each specific V and R stage is defined
only when 50 percent or more of the plants in the field are in or beyond that stage.

(After Ritchie and Hanway,1982)
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Table 2. Growth stages, their identifying characteristics, and approximate time

intervals between growth stages of sorghumf.

Growth  Approximate Days

Identifying Characteristic

Stage After Emergence*

0 0 Emergence: Coleoptile visible at soil surface.

1 10 Collar of 3rd leaf visible:

2 20 Collar of Sth leaf visible:

3 30 Growing point differentiation: Approximately at 8
leaf stage.

4 40 Final leaf visible in whorl:

S S0 Boot stage: Head extended into flag leaf sheath.

6 60 Half bloom: Half of the plants at some stage of bloom.

7 70 Soft dough: Grain content has a doughy consistency. -

8 85 Hard dough: Grain content is hard.

9 95 Physiological maturity: Maximum dry matter
accumulation.

+ (After Vanderlip, 1993)
* Approximate days required for hybrids of RS 610 maturity grown at Manhattan, Kansas.

Literature Review
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Maximum yields of sorghum crops are obtained when soil water conditions are most
favorable during the boot and the dough stages of growth (Bonnen et al., 1952). However,
soil water stress at any growth stage, especially after growth stage 2 (Table 2) will reduce
the crop yields (Vanderlip, 1993). Research has shown that dryland sorghum yield
increases by more than 10% if supplemental water is provided to maintain an adequate
soil water supply throughout the growing season (Painter and Leamer, 1953). Soil water
stress at the early bloom stage reduced yields by 48%, and by 25% at the soft dough
stage (Hughes et al., 1959). At the boot stage, soil water stress prevents complete
exsertion of the head from the flag leaf sheath (Vanderlip, 1993) and this depresses crop
yield. Droughty conditions before the boot stage resulted in increased hydrocyanic acid
content of the stalks (Nelson, 1953). Maximum crop water use of 0.73 cm per day was
reached during the boot stage (Musick et al., 1963). Bennett et al. (1990) reported crop
water use as high as 1.01 cm per day during the boot stage. The results from various
research studies have suggested that soil water stress has the greatest adverse affect on
sorghum crop yield, when it occurred at the boot or heading stage (Salter and Goode,

1967).

The foregoing ideas show that yield of both corn and sorghum can be
considerably reduced by soil water stress. However, sorghum is considered to be more
tolerant to water stress than corn. Sorghum has a very extensive root system and
depletes water and nutrients at a fast rate from the surface soil. About 70% of the roots
are in the top 15 cm layer of the soil. Under drought conditions the root system grows as
deep as 120-140 cm in the soil profile (Bennett et al., 1990). Research on dryland corn
has showed that 39% of the total root dry matter is in the upper 30 cm of the soil and

70% in the upper 90 cm of the soil (Mayaki et al., 1976).
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Measurement of Water Use Efficiency

Water use efficiency (WUE) is defined as the amount of either total dry

matter or grain produced per unit of crop water used.

WUE = — (1)
WU:

where WUE is the water use efficiency, WU: is the crop water use, and Y is either the
total dry matter or the crop grain yield. Total water loss by evaporation and
transpiration has often been used for estimation of WU: (Teare and Peet, 1983). In order
to estimate WU, several water balance models have been used. Soil water balance has
been likened to a financial statement of income and expenditure. It is an account of all
quantities of water added to, subtracted from, and stored within a given volume of soil
during a given period of time (Hillel, 1982). In a given volume of soil, the difference
between the amount of water added ( Win) and the amount of water lost ( Wour ) during a

certain period of time is the change in the water stored ( AS) for that time period. Thus:
AS = Win—Wour - (2)

When Win is more than Wour, AS is positive, whereas if the Wouwr is more than Win, AS
is negative. By accounting for all the components of Win and Wour, the change in the soil

profile storage can be determined as:

AS=[P+I1+U]-[R+D+E+T] -(3)
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where P is precipitation, [ is irrigation, U is upward capillary rise, R is runoff, D is
drainage, E is direct evaporation from the soil surface, T is transpiration, and AS is
change in soil profile storage. For dryland conditions, rainfall and snowfall are the only
sources of soil water. Where the ground water table is deep it contributes little or no
water to crop water use by the upward capillary rise of water. In many dryland
situations, it is also valid to assume that a negligible amount of water is lost by surface
runoff and deep percolation, (Timmons et al., 1966; Olson, 1971; Unger, 1991). Equation

(3) can then be further simplified as :

AS=P~(E+T) --(4)
or:

E+T=P-AS --(5)

The crop water use WU is usually taken as equal to £+ T for the entire growing period,
from planting to harvest. However, during any period of time, £+ T can be determined
from measurements of the soil water storage and precipitation. Water use ( WU:) for a

given period would therefore be given as:

n
WUt=E+T=)Y Pi—-AS --(6)

{

n
where WUt = E+ T is the total water used over a period of time, Z Pi is the cumulative

!

precipitation during the given time period from the ith to the nth day inclusive, and AS is

the change in the soil profile water storage which can be either negative (loss) or a positive

(gain).
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Change in soil water storage, AS, is determined by measuring soil moisture
content at different depths in the soil profile at the beginning and the end of the given
period. Methods for measuring soil moisture content are described in detail by Klute
(1986). They are broadly classified as direct and indirect methods (Gardner, 1986). In
direct methods, the water in the soil sample is removed either by evaporation, or chemical
reactions. The water thus removed is the amount of soil water present in the sample.
Indirect methods involve measuring certain physical or physico-chemical properties of

soil which vary with water content (Gardner, 1986).

The most common direct method is the gravimetric method (Mishra and
Ahmed, 1990). The water content is determined by weighing soil samples before and after

drying at 105 OC. The water content is given as:

0g = (Ww—Wa)/ Wa - (7)

where 6g is the gravimetric water content of soil on dry soil basis (g/g); Ww is the weight
of the wet soil (g); and Wd is the weight of the dry soil (g). This method is still the most
satisfactory (Gardner, 1986) and the most accurate (Ghildyal and Tripathi, 1987) with a
precision of +0.5% water content. The measurement does not require complicated
equipment and is simple. However, it is very laborious and time consuming as it involves
field sampling, transporting, drying, and repeated weighing. More importantly, this
method cannot measure soil water content in situ. Indirect methods were developed to

overcome this disadvantage.
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Indirect methods include measurement of electrical resistance or electrical
capacitance, neutron scattering, time domain reflectrometry, and gamma ray attenuation.
Each method has its own merits. Measurements based on electrical resistance have not
resulted in unique correlation with water content (Fletcher, 1939; Shaw and Baver, 1940;
Anderson and Edlefson, 1942; de Plater, 1955; Bloodworth and Page, 1957). Maintaining
a uniform flow of electrical current in the soil mass is a major obstacle to the successful

use of electrical resistance methods.

Neutron scattering and gamma ray attenuation methods utilize radioactive
sources, which pose radiation hazards. The source requires shielding which makes the
instrument heavy and cumbersome to carry around in the field. Measurements of the
surface soil (0-25 cm) water content are variable and inaccurate due to escape of the
radioactive decay particles or energy into the atmosphere and away from detector

(Rawlins, 1976; Gardner, 1986).

Because of safety considerations, non-nuclear soil water measurements
based on propagation of electrical fields and electromagnetic waves in the soil have been
developed (Ghildyal and Tripathi, 1987). The capacitance of soil varies with water
content (Gardner, 1986) and the electrical field in the vicinity of a charged capacitor,
changes with the dielectric constant of the material surrounding the capacitor. Most solid
material in a dry soil, has a dielectric constant of about 2 to 4, as compared to the
dielectric constant of water of 78. Any change in the water content of the soil therefore
produces a large change in its dielectric behavior. By developing a correlation with the
water content and the soil dielectric behavior, the soil moisture content can be measured in
situ.
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Plant Population Effects on Yield and Water Use Efficiency of Dryland
Crops

Plant population in relation to crop yield and water use efficiency in
dryland corn and sorghum has been the subject of several studies (Yao and Shaw, 1961,
1964; Bond et al., 1964; Stickler, 1964; Dale and Shaw, 1965; Steiner, 1986). In general,
dryland crop yield and water use efficiency increase with increasing plant population. If
crop water use remains the same with increasing plant populations then water use
efficiency becomes a function of crop yield (Porter et al., 1960; Olson, 1971). When soil
water is not limiting for crop growth and development throughout the growing season,
maximum yields of sorghum are obtained with plant populations of about 250,000 plants
ha-! on a narrow row spacing (Krieg, 1983). However, under average dryland rainfall
conditions, maximum yield occurs at a plant population of about 100,000 plants ha-! on a
narrow row spacing (Krieg, 1983). The plant population for maximum yields depends on
the amount of water available for transpiration under dryland conditions (Tisdale et al.,
1993). Narrow row spacing is advisable to reduce the loss of soil water by evaporation.
Several studies (Ritchie and Burnett, 1971; Hanks et al., 1971; Blum and Nevah, 1976;
ChinChoy and Kanemasu, 1974) have shown the benefit of developing a dense ground

cover as early as possible to minimize soil evaporation.

Crop dry matter accumulation represents the difference between
photosynthesis and respiration. Loomis and Williams (1963) reported that 90% of the
dry weight of the crop plants consist of products of photosynthesis. Change in any
growth factor such as solar radiation or water, or any management practice that increases
this difference between photosynthesis and respiration, will usually increase crop yields

17
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(Waldren, 1983). However, increase in plant population cannot increase the crop yield
indefinitely because of the limited amount of available resources such as nutrients and
water for crop growth. The amount of resources available per plant decreases with

increase in plant population.

Under a given set of growth conditions crop yield and dry matter
production usually increases curvilinearly with increasing plant population to a maximum
value. The shape of a plot of crop yield versus plant population, and the maximum value
of the curve, depend on crop growth factors and management practices. The shape of the
water use efficiency curve would follow the same shape only if the crop water use
remained invariable as plant population increased. Steiner (1986) studied the effects of
low, medium, and high plant populations on yield and water use of dryland sorghum.
Crop yield and water use efficiency increased from the low to medium plant population,
but decreased between the medium and high plant populations. Timmons et al. (1966)
reported steady increase in dryland corn yield and water use efficiency in a study at five
plant populations ranging from 15,000 to 60,000 plants ha"!l. Apparently, the maximum
yield was not attained for this range of plant populations to show the expected decline in
yield beyond a certain level of plant population. High plant populations reduce light
penetration to the lower leaves of the plant canopy and reduce their rate of
photosynthesis. Hybrids of corn having an erect leaf orientation gave higher yields
compared to hybrids with horizontal leaf orientation (Tisdale et al., 1993). This was
attributed to the shading effect of the horizontally oriented upper leaves on the lower

leaves of the plant.
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Chapter II1

MATERIALS AND METHODS

Field Experiments

Two field experiments were conducted during the summer of 1994 at the
Tidewater Agricultural Research and Extension Center (AREC) Suffolk, Virginia. The
plots were laid out on a field having a slope of < 3 percent and consisting of two similar
soil types, namely a Uchee loamy sand (loamy, siliceous, thermic, Arenic Hapludult) and
a Eunola loamy sand (loamy, siliceous, thermic, Aquic Hapludult). Prior to planting, the
experimental area was chisel-plowed to a depth of 20-30 cm. Plots measuring 9.14 by
3.66 m were arranged in a randomized complete block design, with a 7.62 m alley between

the blocks. Blocks were laid out across the slope.

One experiment, using corn as the indicator crop, consisted of three
treatments with four replicates. Treatments consisted of three plant populations: 37, 49
and 62 thousand plants ha-! of cultivar Pioneer 3140, on a 91-cm inter-row spacing with
four rows per plot. The other experiment using sorghum as the indicator crop, consisted
of eight treatments with four replicates. Treatments consisted of factorial combinations
of four plant populations: 54, 109, 158 and 202 thousand plants ha-! and two cultivars of

sorghum, Dekalb-48 and Southern States-1212, on a 46-cm inter-row spacing with eight
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rows per plot. The experiments were adjacent to each other and were separated by two

border rows of corn and four border rows of sorghum.

Sorghum was planted at a seeding rate of 89, 177, 266, and 355 thousand
seeds ha-! with the objective of achieving populations of 74, 148, 222, and 296 thousand
plants ha-!. However, due to poor and variable emergence of the sorghum seedlings, the
target plant populations could not be achieved, and the plants were thinned to the highest
possible population for each treatment. Final plant populations were 54, 109, 158 and

202 thousand plants ha-!.

In order to monitor any rise of the water table, water wells consisting of
slotted, No. 40 schedule, 5-cm diameter, PVC tubing were installed at the highest and the
lowest points of the field. Two water wells were installed at each location. One well was
3.2 m deep and the other was 1.5 m deep from the soil surface. Daily rainfall, and
maximum and minimum temperature were recorded throughout the growing season near
the site of the field experiments. Daily rainfall was recorded by a standard USWB non-
recording rain gauge. Recommended optimum crop management practices were followed.
The details of the field operations during the course of the experiment on the two crops

are given in Table 3.

Fertilizer application was based on the results of soil chemical analyses on
soil samples for plant available nutrients. Phosphorus, potassium, and a part of total
nitrogen were applied pre-plant, while the rest of the total nitrogen was applied in two
split applications, using a Cyclone Handseeder, model 1Al (True Temper,

Shivamanstown, PA). Sulfur, as ammonium sulfate was applied along with the first split
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Table 3. Field operations performed on corn and sorghum experiment.

Operation Corn Sorghum
Date Days After Date Days After
Planting Planting
Pre-plant fertilization Mar 24 -25 Mar 24 -39
Chiseling of the field Apr 18 -1 May 03 0
Planting Apr 19 0 May 03 0
Manual weeding May17-20 29 May17-20 14
Fertilizer application May 18 30 May 18 15
Fertilizer application Jun 24 67 Jun 24 52
Insecticide application May 25 34 May 25 22
Thinning of plants *E *x Jun 21 49

Soil water measurements:

1 Apr 29 11 o o
2 May 13 25 May 13 10
3 May 23 35 May 23 20
4 Jun 02 45 Jun 2 30
5 Jun 07 50 ok *x
6 Jun 14 57 Jun 14 42
7 Jun 22 65 Jun 22 50
8 Jul 01 74 Jul 01 59
9 Jul 13 86 Jul 13 71
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10 Jul 27 100 Jul 27 85
11 Aug 11 115 Aug 11 100
12 *x *x Aug 25 114
13 Sep 13 148 Sep 13 133
Harvesting: Sep 14 149 Sep 14 134

** Data not taken.
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dose of nitrogen. Small amounts of magnesium, manganese, and boron were applied as a
foliar spray. The amounts and the method, and date of application of these fertilizers are
given in Table 4. The insecticide Orethene was applied at a rate of 2.3 kg ha~! as needed

to control sporadic infestation of thrips on the crops.

Soil Characterization

The soil morphological and physical properties for the SO0 m x 40 m block
of land allocated for the experiment were determined. A preliminary survey of the field
was made to identify the boundaries between soil types. About ten borings were done to
a depth of 1 m along a transect in the field using a bucket auger. Two similar soil types
were identified, a Uchee loamy sand and a Eunola loamy sand, comprising about 85% and
15% of the land area respectively. Soil pits were opened to depth of 2 m with a back hoe.
Soil profiles were described and samples were taken from each horizon for laboratory

analysis of physical properties.

A bulk density core sampler was used to take core samples for bulk
density determination from each soil horizon of both soil types. Soil dry bulk density
(Db) is the weight of oven dry soil per unit volume, expressed in g cm=3. The core

samples were dried at 105°C in a forced air oven. Bulk density was calculated as:

W
Do=(=7) - (8)

where Db is the bulk density, Ws is the weight of the oven dry soil, and V is the

volume of the core sample. After measuring the bulk density, the soil from these core
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Table 4. Source, amount, method, and time of application of fertilizer for corn and

sorghum experiments.

Plant Nutrients Amount Fertilizer Grade Method of Time of
Applied Used Application Application
(kg ha'l)
Nitrogen 140 5-10-30 Broadcast Preplant
N) 34-0-0 Split-1 May 25
21-0-0-24 Split-2 Jun 24
Phosphorus 56 5-10-30 Broadcast Preplant
(P205)
Potassium 168 5-10-30 Broadcast Preplant
(K20)
Sulfur 30 21-0-0-24 Broadcast Jun 24
(S)
Magnesium 0.224 MgSO4 Foliar May 18
Mg)
Manganese 0.560 MnSO4 Foliar May 18
(Mn)
Boron 0.560 Solubar® Foliar May 18
B)
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samples were used to determine particle size distribution, particle density, and the

porosity of the soil.

The particle size distribution was measured by the sieving and
sedimentation method (Gee and Bauder, 1986). 10 g of the air dry <2 mm sieved soil
fraction were added to 50 ml of 5 % calgon solution and dispersed by mechanical shaking
for 12 hours. The suspension was then passed through a 45- um mesh sieve to separate
the sand (2.0mm - 0.05mm) fraction. The silt and clay fractions passing through the sieve
were collected in 1000 ml sedimentation cylinder. Further separation of the sand particles
into various sand fractions was done with a nest of sieves having mesh openings of 1, 0.5,
0.25, 0.1, and 0.05 mm. Deionized water was added to the suspension of the silt (0.05
mm - 0.002 mm) and clay fractions (<0.002 mm) to bring the volume to a 1000 ml. After
mixing the contents vigorously, the cylinders were placed in a constant temperature water
bath. Samples were pipetted out from the suspension at appropriate times as determined
from settling velocities estimated by Stoke's equation (Gee and Bauder, 1986). The
pipetted samples were collected in pre-weighed cans, and were dried at 105 OC and
weighed again. Correction was made for the presence of the dispersing agent, Calgon, in
the pipette samples, and the silt and clay fractions in the soil sample were calculated from

the results.

Soil particle density ( Dp) expressed in g cm™3 is the average density of the
solid particles. Particle density was determined by the method given by Blake and Hartge
(1986). Approximately 10 g of air-dried soil sample was transferred into a pre-weighed
25 ml pycnometer. The pycnometer with soil was weighed. It was then completely

filled with distilled water and the mixture was weighed. The contents of the pycnometer
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were discarded and the weight of the pycnometer filled with water only was taken.

Particle density was calculated as:

~ dw(Ws — Wa)
(Ws = Wa) = (Wsw — Wa)

-9)

Dp

where Dp is the particle density, dw is the density of water at the room temperature, Ws
is the weight of pycnometer plus the soil sample corrected to oven-dry condition, Wa is
the weight of pycnometer filled with air, Wsw is the weight of the pycnometer filled with
the soil and water mixture at room temperature, and Ww is the weight of pycnometer

filled with water at the room temperature.

Soil Porosity (7n7) is the ratio of the total volume of voids to the total

volume of soil. It is expressed in % and calculated as:

) Db
n= 10011—(5[;)] -- (10)

where P is the soil porosity, Db is the bulk density of the soil, and Dp is the particle

density of the soil.

Forty surface soil samples from a uniform depth of 0-20 cm were
collected while traversing the 50 m x 40 m experimental block, in a zig-zag manner.
Randomly selected groups of ten of these soil samples were thoroughly mixed together to
obtain 4 composite soil samples. These samples were sent to the Virginia Tech Soil
Testing Laboratory for chemical analysis. Soil pH, organic matter content, and contents

of phosphorus, potassium, calcium, magnesium, zinc, manganese, copper, iron, and boron
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were determined. Soil samples were also taken from identical depths in the horizons of
both soil pits. The two samples from each depth were composited and were analyzed for
the same properties as for the surface samples. Fertilizer applications for nitrogen,
phosphorus, and potassium on the entire experimental block were based on these

analysis.

Soil Water Measurements

Soil water measurements during the growing season were taken at
approximately 10-day intervals throughout the growing season of the corn and sorghum
crops. A non-nuclear, Resonant Frequency Capacitance probe, model Sentry 200-AP,
manufactured by Troxler Electronic Laboratories, Inc. was used to measure soil water
content in situ at nine equal depth intervals from 0-180 cm in the soil profile. The Sentry
200-AP resonant frequency capacitance probe has a sensing unit and two electrodes,
separated by an insulating spacer. When an alternating current is passed through the
electrodes, a high frequency doughnut-shaped electrical field is created around the spacer.
This field is approximately 10 cm in height and about 25 cm in diameter centered around
the probe. The frequency of the field changes with the dielectric constant of the soil. As
the soil volumetric water content increases, the dielectric constant of the soil increases,
capacitance increases and the frequency of the electrical field decreases (Heathman, 1993).

The frequency shift is measured by the sensing unit in the probe (Thomas, 1992).

Each Sentry 200-AP probe is factory calibrated, based on the
measurements taken in dry to saturated sand representing 0% to approximately 35%

volumetric water content. An additional reading is taken in water representing 100%
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volumetric water content (Troxler Electronic Laboratories Inc., 1991). The probe
generates a 'D-value' which represents the frequency difference measured by the sensing
unit (Troxler Electronic Laboratories Inc., 1991). These values are used to calculate the

corresponding soil volumetric water content values using the following equation:

(2= 2,

Fo
M=—3" - (11
7 (11)

where Fo, Fi, and F2 are the calibration coefficients and M represents % volumetric

water content.

Use of the Sentry 200-AP for measuring water content in field soils is not
widely reported. It has several advantages in comparison to other indirect techniques that
are currently available to measure the soil water content in the field. It is a non-nuclear
moisture probe and therefore does not require special training or license to operate and
poses no radiation hazards. It is rapid, each reading requiring only 15 seconds.
Measurements near the surface are also possible since the doughnut shaped electrical field
extends only 5 ¢cm above and below the insulating spacer. The instrument can take
readings to a depth of 100 feet below the soil surface (Troxler Electronic Laboratories
Inc., 1991). Repeated measurements can be taken with little random error (Heathman,
1993). The volume of soil sensed by the electrical field does not change appreciably with
moisture content of the soil or the soil type. It has a high resolution water content
encountered in soils (Bell et al., 1987). However, there are some disadvantages associated
with it as well. The instrument requires re-calibration when used for soil textures other
than pure sand. Calibration requires extensive data collection to obtain a range of
volumetric water contents and corresponding D-values.
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To lower the probe into the soil profile, 2.5-m long Schedule 40 PVC
access tubes, having 5.2 and 6.1 cm inner and outer diameter respectively, were installed
to a depth of 2.2 m in the center of each experimental plot. Holes for installation of the
access tubes for the experimental plots of the corn experiment were made using a special
hand auger supplied by Troxler. For the sorghum plots the holes were made with a
tractor mounted rig which made a hole by hydraulically pushing a hollow metallic tube
into the soil. A similar method has been reported by Heathman (1993). The hollow
metallic tube has an outer diameter of 5.08 cm which is 1.02 ¢cm smaller than the outer
diameter of the access tube. The access tubes were therefore tightly fitted with little air
space between the tube and the soil. Air gaps in between the soil and the PVC access
tube can create anomalous results (Troxler Electronic Laboratories Inc., 1991). Great care
was exercised, in both the auger and mechanical method of installation, to avoid the
introduction of air gaps between the access tube and the soil. Soil moisture readings were
taken at 20-cm increments, to a depth of 1.8 m (Figure 1). Instrument readings, which
consisted of the D-value and volumetric water content, were recorded manually on data

sheets.

To re-calibrate the Sentry AP-200 moisture probe, soil core samples were
taken with depth at eleven equidistant locations along a diagonal transect across the 50 m
x 40 m field. These soil samples were centered on depth increments of 20 cm, from 0 to
1.8 m, in the vicinity of the access tubes (Figure 1). A commercial, double cylinder,
hammer-driven bulk density core sampler was used to take the core samples. The core
samples were centered at the soil depth that exactly corresponded to the depth where
moisture probe readings were simultaneously taken (Figure 1). The soil from the core

samples were transferred to aluminum moisture cans. Masking tape was used to improve
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Figure 1. Soil depths at which the moisture content readings were made with the

Sentry AP-200 probe and at which the soil samples were taken for calibration.
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the seal between the lid and the can to prevent possible moisture loss and accidental
opening during transportation. These samples were used to determine the volumetric soil
water content, dry bulk density, particle density and porosity in the laboratory as
described previously. In order to obtain the lower and the upper extremes of the
calibration curve, moisture probe readings were also taken for 0% and 100% volumetric
moisture content. The 0% moisture readings were obtained with the moisture probe at
least 20 cm above the soil surface in the access tubes. The 100% moisture readings were
obtained by taking readings in an access tube immersed in a barrel of water (Troxler
Electronic Laboratories

Inc., 1991).

Plant Measurements

Plant counts were recorded using a mechanical hand operated counter,
prior to thinning and harvesting. Only main stems, were counted. The data on grain yield
collected at the time of harvesting included the total weight and the moisture content of
the grain samples. The grain yield of corn and sorghum are reported at 14% moisture
content. Therefore, the grain yield data obtained at harvest was adjusted to 14% moisture
content. Harvesting of both corn and sorghum crops were done in two ways: a) micro-
plot harvesting, and b) whole-plot harvesting. For micro-plot harvesting a small
rectangular area measuring 1.82 m by 1 m in size was demarcated in each plot, around the
PVC access tubes. The number of plants and the number of heads per plant were
recorded for each micro-plot and the heads and stover were then hand harvested. This
was done for estimation of grain, stover, and above ground dry matter yield of the two

crops. The plant stover yield was determined by drying the plant stover at 70°C to a
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constant weight. These values were extrapolated to calculate the stover yield per hectare.
The total above ground dry matter yield was obtained by adding the grain yield at 14%

moisture content and the estimated stover yield obtained from the micro-plot data.

Whole-plot harvesting of sorghum was done by a small combine. The four
middle rows of each plot were harvested. In corn, the cobs were hand picked from the
two middle rows of each plot. In both crops the area harvested was 16.7 m2. Whole-plot
harvesting was done to determine the grain yield of the two crops. The moisture content
of the grain at the time of harvesting was determined using a Dickey John GAC II grain

moisture meter.

Data Analysis:

Grain, stover, and total above-ground dry matter yields were divided by
the corresponding plant populations to obtain grain, stover, and total above-ground dry
matter yield per plant. The harvest index for both the crops was calculated as the ratio

between the grain yield and total above ground dry matter content.

Measured soil volumetric water content with depth was used to calculate
the soil water storage in the soil profile for each date of measurement. Water storage in
mm for each depth interval was calculated as the product of volumetric water content and
the depth interval in mm. Profile storage was calculated as the sum of the water storage
over all depth intervals. The difference in the soil profile storage between two dates gave
the change in soil water storage for that period. Rainfall for the same period was

calculated as the difference between the cumulative rainfall at the two dates. The change
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in soil water storage and cumulative precipitation was calculated for the entire growing
period between planting and harvesting for corn and sorghum. The crop water use was
calculated as the difference between the cumulative precipitation for the entire growing

period and the change in the soil water storage for the entire growing period.

Analysis of variance was done as appropriate using the SAS software
package (SAS Institute, 1993) to statistically test for significant effects of the treatments,
and for treatment interactions, on the observed variables in the field experiments. Mean
separation was performed by the LSD procedure if the ANOVA F-statistic indicated
significant effects at the 0.05 probability level (SAS Institute, 1993).
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CHAPTER 1V

RESULTS AND DISCUSSION

Overview of Field Experiments and Experimental Conditions

The field experiments were meticulously planned, implemented, and
monitored. Sorghum was planted 15 days after planting corn. However, for logistical
reasons the harvesting of corn was delayed by about 20 days beyond its maturity so that
both crops were harvested together on September 13, 1994. Field observations made
during the growing period showed signs of soil water stress for both corn and sorghum
crops. This was evident for corn from the growth of adventitious roots at the crown
(basal node) of the plant, and even from 2-5 nodes above the crown. Rolling of leaves and
their erect orientation, was frequently observed for sorghum during the growing season.
Otherwise, the corn and sorghum crops remained healthy during the entire growing
period. There were no major insect pest or disease infestation, other than minor
infestation .of thrips on some plants of corn and sorghum. These were controlled by

insecticide application.

There was a problem of poor emergence of the sorghum seedlings. Seeds
were planted at a rate of 89, 177, 266 and 355 thousand seeds ha~!, which was 120% of
the target plant populations. This seeding rate was based on the cultivar's germination

percentage of 85% as reported on the commercial packaging. Originally, it was projected
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to thin the plots to plant populations of 74, 148, 222, and 296 thousand plants ha-I.
However, counting of the plants 10 days after planting, showed that the emergence was
below the target plant populations. This was probably due to the cool temperature

conditions after planting.

Daily maximum and minimum temperature data taken at the experimental
site throughout the entire 148 days period from planting of corn to harvest are plotted in
Figure 2 and tabulated in Appendix III. The minimum daily temperature data reflects the
night temperature regime. Minimum temperatures for the first 20 days after planting
(DAP) of sorghum are plotted in Figure 3. The average minimum temperature was 9.6
OC. Such low night time temperatures could be detrimental to the emergence and growth
of sorghum seedlings. Visual field checks showed very slow emergence and growth of
sorghum seedlings. Seedling emergence started 5-7 DAP and continued until 20 - 25

DAP. The emergence was not uniform and seedling mortality was between 10 - 15%.

Pinthus and Rosenblum (1961) studied the germination and seedling
emergence of sorghum at low temperatures. They concluded that the minimum
temperature required for germination of sorghum seed is between 8 - 109C. Seedling
growth was slow at 10 9C and emergence took place only after minimum soil temperature
had risen above 10°C. A more recent study by Anda and Pinter (1994) showed that there
was no emergence of sorghum seedlings at soil temperatures below 9°C. Kanemasu, et
al., (1975) considered 100C as the temperature at which there is zero development of
sorghum seedlings. In this study the sorghum seedlings experienced mean night
temperature lows of 9.6°C, and individual daily minimum temperatures as low as 3.70C

(Appendix-III). This night time temperature regime was lower than the minimum
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Leukal and Martin (1943) reported that soil temperature below 18 OC resulted in poor
stands of sorghum. Also, that seed and soil-borne fungi may cause reduction in
germination of sorghum seeds, and that this reduction may increase with the decrease in
soil temperature. The low minimum temperatures in this study also coincided with a dry
spell of 5 to 6 days which could have further reduced sorghum seedling emergence. It has
been shown that more time is required for germination under soil water stress conditions
(Evans and Stickler, 1961). Major et al. (1982) concluded that chilling temperatures does
not seriously affect the final yield or maturity. However, it does delay the panicle

emergence and anthesis.

The lower than the expected seedling establishment can be attributed
primarily to the low night temperatures, especially during the first 21 days after planting.
As a result, the seedling emergence was not uniform for each plant population treatment.
Plant counts were done periodically in the experimental plots until the plant populations
had stabilized. The plots were then thinned to obtain the highest possible plant
population that was uniform across the replications for a given treatment. The resulting
populations were 54, 109, 158 and 202 thousand plants ha-!, instead of the original target

plant populations of 74, 148, 222 and 296 thousands plants ha-1.

The total amounts of rainfall during the growing period from planting to
harvesting of the corn and sorghum crops were 479.6 and 463.4 mm respectively
(Appendix III). The number of days between planting and harvesting were 148 and 134
for corn and sorghum respectively. The average rainfall was therefore 3.24 mm per day

for corn and 3.17 mm per day for sorghum. The rainfall distribution with time is
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presented in Figure 4. There were several dry spells, especially in the first half of the
growing season. There were 97 and 84 dry days with no rain, and 51 and 50 wet days
(days with rainfall 20.3 mm) during the growing periods for corn and sorghum,

respectively.

Two dry spells of 10 and 9 days occurred between 38 and 47 days after
planting (DAP) and between 75 and 83 DAP for corn. These dry spells coincided with
critical growth periods in relation to water use for corn, and to some extent, for sorghum.
The first dry spell in corn occurred during the vegetative phase of the corn which could
have adversely affected the crop dry matter yields. Corn tasseling took place 78 to 80
DAP, during the first week of July, which coincided with the second dry spell. If soil
water supplies are inadequate at tasseling and pollination, corn grain yields can be reduced
by 22-25% (Denmead and Shaw, 1960; Waldren, 1983). Intense water stress close to

wilting for 6-8 days can cause a yield reduction of 50% (Robins and Dominga, 1953).

The dry spells of 10 and 9 days occurred between 26 and 34 DAP and 60
to 68 DAP for sorghum. The sorghum crop, which emerged later than anticipated, had
reached growth stage 2 at the time of first dry spell. At this stage, the growing point is
still under the soil, but the plant is entering its "grand period of growth" (Vanderlip,
1993). However, the ability of sorghum to regulate its vegetative growth under water
stress conditions, and to resume normal growth when returned to favorable conditions
(Bennett et al. 1990) could have prevented the crop from severe yield damage from dry
spell at this stage. Also, there were several rainy days immediately following the first dry

spell (Figure 4).
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The second dry spell of 9 days for sorghum, coincided with the plant
growth stage 4, when the growing point changes from its vegetative phase to the
reproductive phase (Table 2; Vanderlip, 1993). At this stage, moisture stress can prevent
the head from exserting completely from the flag leaf sheath. Incomplete exsertion of the
heads was observed in the sorghum plots. Droughty conditions before the boot stage also

result in increased hydrocyanic acid content of the stems (Nelson, 1953).

Soil Properties

The results of the physical analysis of the Uchee loamy sand (fine, loamy,
siliceous, thermic Arenic Hapludult) and the Eunola loamy sand (loamy, siliceous,
thermic, Aquic Hapludult) are presented in Tables 5, 6 and 7. Detailed descriptions of
the soil profile horizons from which these samples were taken for the Uchee and Eunola

loamy sand are listed in the Appendix I.

There was no marked difference in the physical properties of the two soil
types (Tables 5, 6 and 7). Both soil types have a loamy sand surface texture. The Uchee
loamy sand has a thick upper sandy layer, about 70 cm deep, which is typical to the soils
belonging to the sub-group Arenic Hapludults (Brady, 1990). The Eunola loamy sand has
a relatively thin surface sandy layer, overlying a thick layer of sandy clay loam, with
distinct, prominent, yellowish brown, and red to gray mottles, which is typical of the
soils belonging to the sub-group Aquic Hapludults (Brady, 1990). Both the Uchee and
Eunola soils are moderately well drained. Mottling in the sub-soil horizons of both
soils can be attributed to long term water table fluctuations and/or short term formation

of a perched water table during very wet seasons. Bulk density of the soil
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Table 7. Particle size distribution of the Uchee and Eunola soils of the

experimental field.

-------------- SAND " -c-eeemeeeee ----Total------
Depth VC C M F VF  Sand  Silt Clay
(cm) g kg~ of soil - R
Uchee Soil
0-33 1 11 125 562 101 800 183 17
33-58 0 5 114 479 94 693 262 45
58-69 0 8 102 467 86 663 247 90
69-102 4 6 107 378 70 565 165 270
102-122 3 7 110 357 52 530 132 339
122-137 4 20 146 285 38 493 126 382
137-163 0 5 45 374 44 469 99 432
Eunola Soil
0-33 3 19 153 484 92 751 213 36
33-46 0 13 124 413 68 618 315 67
46-58 2 14 123 381 57 577 293 130
58-89 4 200 155 418 58 655 197 149
89-132 6 38 191 403 62 699 152 148
132-203 8 21 166 454 47 696 76 228
**VC: Very Coarse, C: Coarse, M: Medium, F: Fine, VF: Very Fine
44
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(Table 5) increases sharply at 33 cm depth in both the Uchee and Eunola soils, indicating
a more compacted layer underneath the top soil. This may be the result of machine-
traffic. However, the soil profile examination showed that roots had penetrated below
this layer. Particle size distributions (Table 7) of both the Uchee and Eunola soil types

show an increase in clay content with soil depth, especially below 60 to 70 cm.

Results of the chemical analyses of the profile soil samples (Table 8) show
accumulation of potassium, calcium, and magnesium in the sub-surface horizons. This
can be attributed to the increase in the clay content in the soil with depth (Table 5 and 6).
These nutrients are relatively mobile, especially in sandy soils, and therefore tend to leach
downwards and become adsorbed onto the clay surfaces in the sub-soil horizons (Tisdale
et al., 1993). Crops with extensive and fairly deep root systems, such as corn and
sorghum, can extract these nutrients from the sub-soil. Other nutrients such as zinc,

copper, and iron were distributed uniformly in the soil profile (Table 8).

Results of the chemical analyses of the 4 composite surface soil samples
were within reasonable soil spatial variability (Table 9). The pH range of 6.1 - 6.2 was
suitable for growth of both corn and sorghum (Tisdale et al., 1993). The soil test report
suggested "no crop response to lime at soil pH of 6.0 or more" Therefore no liming
material was applied. Liming for improved nutrient availability and yield is usually

required when the surface soil pH is below 5.7 (Bennett et al., 1990).
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Table 8. Results of chemical analysis of soil samples taken at several depths in

the experimental field.

Soil
Sample PH P K Ca Mg OM. Zn Mn Cu Fe B
Depth
) — kg ha~l---emeeeeee- el ——— mg kg 1--meamommeeme -

0-25 6.1 56 64 484 43 1.0 0.9 42 04 21.7 0.1

25-53 59 7 9% 390 45 0.7 05 40 03 128 0.1

53-91 5.2 1 148 820 104 0.6 04 02 02 8.4 0.1

91-114 4.8 1 108 618 114 0.6 04 0.1 0.2 7.3 0.1

114-152 44 1 61 672 69 0.6 04 0.1 0.2 5.1 0.1

Note: Boron was determined by double acid extraction procedure.
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Table 9. Results of chemical analysis of 4 composite soil samples taken from the

0-20 cm depth in the experimental field, and the fertilizer recommendations for

corn and sorghum based on these results.

Soil
Sample pH P K Ca Mg OM. Zn Mn Cu Fe B
---------------- QT pe— ---%o--- e 1110 € T
1 6.1 65 66 537 48 1.0 0.9 2.2 0.4 11.9 0.2
2 6.2 54 66 618 48 1.0 1.0 2.5 0.4 13.1 0.1
3 6.1 72 63 645 46 1.0 0.9 2.7 0.3 13.5 0.1
4 6.2 63 84 698 67 1.1 1.4 5.0 0.3 16.3 0.2
Recommendation for
Corn and Sorghum Lime Nitrogen P205 K>0
kg ha-! -
None 140-170 28-45 67
47
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Field Calibration of the Sentry 200-AP Resonant Frequency

Capacitance Probe

The field calibration curve for the Sentry 200-AP resonant frequency
capacitance probe was based on 110 pairs of values of the instrument readout (D-values)
and measured soil volumetric water content varying from 0-100% soil moisture conditions
(Appendix II). The following curve was fitted to the 110 data pairs using Marquardt's

non-linear least squares algorithm (SAS Institute, 1993).

D=Foexp(F1*M)+F2  -—(12)

where D is the Sentry AP-200 probe readout, M is the measured percent soil volumetric
water content, and Fo, F1 and F2 are the factory calibration coefficients. The fitted
curve along with the data pairs are plotted in Figure 5. The Sentry 200-AP moisture
probe is supplied with factory calibration coefficients based on the measurements taken
in homogenous dry to saturated sand (Troxler Electronics Laboratories Inc., 1991). The
factory calibration coefficients and the field calibration coefficients obtained in this study

are as follows:

Factory calibration coefficients:

Fo=-1863.4; F1=-0.05157; F2=46274
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Field calibration coefficients:
Fo =-2209.6; F1=-0.05502; F2=4459.8

Equation-(12) was rearranged to facilitate calculation of the percent soil volumetric water

content M as:

ln[(D—Fz)
M=—-to 3

Figure 6 shows two curves of D versus M calculated using the observed D-values in the
above equation. One curve was generated using the factory calibration coefficients, and
the other using the field calibration coefficients that were fitted as already described.
Also shown are the field measured % volumetric water content corresponding to these D-
values. The soil moisture content values obtained using factory calibration coefficients
were on the average 31.3% lower than the measured soil volumetric water content values
(Appendix II). The total sum of squares of the differences between the measured
values and the calculated values using the factory calibration coefficients was much
higher than the corresponding total using the field calibration coefficients developed in
this study. The factory coefficients were therefore replaced with the fitted field
calibration coefficients to determine volumetric water contents in the soil profile with the

Sentry 200-AP probe.
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Effect of plant population on grain yield and dry matter production

The overall mean corn grain yield was 3908 kg ha-! (Table 10). This yield
is comparable to dryland corn yield in Virginia's Coastal Plain when soil water is limiting.
The analysis of variance (ANOVA) showed that corn plant population had no significant
effect on the grain, stover, and total above ground dry matter yield (Table 10). The
difference between two corn plant population treatments was about 12,000 plants ha-!.
This difference was apparently not high enough to show significant differences in the

grain yield.

Stickler and Laude, (1960) and Shubeck and Lawrensen (1964) have
reported similar results in their studies on dryland corn. They found no influence on corn
grain yield by increasing plant populations from 20,000 to 39,000 plants ha~! and from
35,000 to 45,000 plants ha~!. Timmons et al., (1966) in a similar study on dryland corn
have reported that grain yield decreased when plant populations were increased from
15,000 to 30,000 plants ha-! and soil moisture was inadequate. Olson (1971) found that
the grain yields of dryland corn decreased with increasing plant population from 45,000
to 70,000 plants ha-! during a limited rainfall season. However, with the same plant
populations, the grain yield increased during better growing seasons. Stickler (1964) in a
study with dryland corn in Kansas reported that 40,000 plants ha-! produced better

yields than 60,000 plants ha-!.

Evidently corn grain yield responds differently to increasing plant
population depending on soil water stress conditions. As discussed previously, the corn

crop suffered two dry spells between 38 and 47 and between 75 - 83 days after planting.
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The dry spell occurred between 75 - 83 days coincided with the tasseling period of corn.
The maximum need for water by corn occurs from 60 - 100 DAP, i.e., from the tasseling
to the grain filling growth stages (Denmead and Shaw, 1960). The crop water use during
this period can be as high as 12 mm per day (Aldrich et al., 1975). Denmead and Shaw
(1960) and Waldren (1983) reported that transpiration during the tasseling to grain filling

stages constitutes about 80% of the crop water use for corn.

Figure 7 shows the degree of saturation with depth in the soil profile at 65
days after planting of corn. The degree of saturation expressed in percentage, was
calculated as the portion of soil porosity filled with water at specified depth intervals.
The porosity was calculated from the bulk density and particle density measurements
made during calibration of the Sentry AP-200 as discussed in Chapter 3. There was a
short dry spell of 5 days from 62 to 66 days after planting. The soil water data collected
at 65 DAP would be the best representative of the soil water storage status during the
long dry spell of 9 days from 75 to 83 DAP. Other dates on which soil water data were
collected, coincided with heavy rainfall days and therefore would not approximate the soil
water storage status during the dry spell. As shown in Figure 7 the top 0-40 cm layer of
the soil profile was very dry at 65 days after planting of corn. This indicates that the
crop was likely stressed during the critical tasseling period. In studies with dryland corn,
grain yield reductions of 25% (Denmead and Shaw, 1960) and 35% (Miller and Duley,
1925) were obtained when soil water stress occurred at the time of tasseling.
Robins and Dominga, (1953) reported a grain yield reduction by 22% when soil water
stress occurred for two days during tasseling. Soil water stress at tasseling probably

accounts for the below average grain yields for corn in this experiment (Table 10).

Results and Discussion 54



‘OF1¢€ 199U0old JeAnnd w10l jo

sunued a9jje sAep g9 e d1joad [10s Iy} ur YIdIp YIIM uorL.IN)ES JO JIFIP UBIW [[BIIAQ °L dINTL]

(wd) yydap rog

0LI 0GI 0¢l Oltl 06 0L 0S 0¢ 0l
[ + F ; + b “ “ 0
T 0¢ -
(¢
i1
T 07 g
\- 'OJ
. 10 &
=
£
J— TO08 &
\\In\!\\.\\\l.l \mw
= . = Jﬁ 001 s
T 0CI

Results and Discussion



Evidence for this is also provided by the crop harvest index (Table 11) of 0.24 to 0.27,
which is much lower than a typical harvest index of 0.45 or more for corn with adequate
soil water supply for crop growth (Waldren, 1983). Figure 8 shows the relationship
between grain, and stover yield per plant for corn crop that decreased at a decreasing rate

with increasing plant population.

For the sorghum experiment, the overall grain yields were 4799 and 4740
kg ha-1 for cultivars Dekalb 48 and Southern States 1212 respectively. Grain yield for
the four plant populations ranged from 3988 to 5705 and 4052 to 5453 kg ha-! for the
cultivars Dekalb 48 and Southern States 1212 respectively. Grain yield for both the
sorghum cultivars were similar and were generally higher than those for corn. There were
no significant differences between the two cultivars and no significant interaction of plant
population and cultivars on sorghum grain yield and yield components. Sorghum grain,
stover, and the total above-ground dry matter yield were significantly different among
plant population treatments (Table 12). The significant difference in the grain yield
occurred only at the highest plant population treatment for both sorghum cultivars (Table
12). However, the trend in the crop yield response to increasing plant population tended
to be different for the two cultivars. Grain, stover and the total above ground dry matter
yield for sorghum cultivar Dekalb 48 tended to increase steadily with increase in plant
population (Table 12). Sorghum cultivar Southern States 1212 appeared to have reached

a maximum yield at 158,000 plants ha-1.

Results and Discussion 56



Table 11. Harvest index, grain, stover, and total above ground dry matter yield per
plant for corn cultivar Pioneer 3140 on a loamy sand at the Tidewater Research

Station, Suffolk, VA.

Plant Population Harvest Index Grain Stover Total Dry matter

plants ha"! --- g plantl e
37,000 0.27 103 278 381
49,000 0.24 74 233 307
62,000 0.26 69 190 259
Mean 0.26 82 234 316

Note: Grain yields are reported at 14% moisture content.
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Figure 9 show that the grain and stover yield per plant for the two
cultivars of sorghum decreased at a decreasing rate with increasing plant population. The
results on the harvest index of the two cultivars of sorghum did not show any consistent
trend (Table 13). The harvest index values ranging from 0.32-0.39 are lower than the
values ranging frqm 0.40-0.59 reported by Unger, (1991) for dryland sorghum. This
result also suggests the possibility that soil water stress could have affected sorghum
grain yields. This was also evident from the growth of sorghum tillers observed in the

field.

The results obtained in this experiment for dryland sorghum yield are
consistent with several previous studies (Musick et al.; 1963; Timmons et al., 1966;
Olson, 1971; Steiner, 1986; Unger, 1991). The grain, stover, and total above ground dry
matter yield of the two sorghum cultivars were not significantly different. However,

different trends in response to plant population suggest that they may be different.

The dry spell discussed above for corn, coincided with the period 60-68
days after planting for the sorghum experiment. Figures 10 show the degree of saturation
with depth in the soil profile at 71 days after planting of the sorghum cultivars Dekalb 48
and Southern States 1212 respectively. 71 days after planting date was chosen because
that was the closest date to the dry spell when the soil water data was collected, and
therefore would be the best reflect the soil water storage status immediately after the dry
spell. The dry spell was broken by a 4.3 mm rainfall at 69 days after planting. However,
the top 0-50 cm of the soil profile was still very dry at 71 days after planting of sorghum.
Sorghum under such soil water stress conditions becomes somewhat semi-dormant and

would resume its growth when conditions are favorable. However, this results in the
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Table 13. Harvest index, grain, stover, and total above ground dry matter yield per

plant for the sorghum cultivars DK 48, and SS 1212, on a loamy sand at the

Tidewater Research Station, Suffolk, VA.

Plant Population Harvest Index Grain Stover Total Dry matter
plants ha-! - --g plant~!
Sorghum Dekalb 48
54,000 0.387 74 116 190
109,000 0.321 42 89 130
158,000 0.335 31 62 93
202,000 0.369 28 48 76
Mean 0.353 44 79 122
Sorghum Cultivar SS 1212
54,000 0.387 75 118 194
109,000 0.383 43 69 111
158,000 0.359 34 50 96
202,000 0.379 24 48 62
Mean 0.377 44 71 116
Note: Grain yields are reported at 14% moisture content.
62
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senescence of lower leaves at a faster rate and this could affect the grain and the total dry

matter yield.

Effect of plant population on crop water use

The overall mean crop water use for the corn and sorghum experiments
was 494 and 424 mm respectively (Tables 10 and 12). This gives an average daily crop
water use of 3.33 mm per day for corn as compared to 3.16 mm per day for sorghum.
The overall mean water use of the two cultivars of sorghum, Dekalb 48 and Southern
States 1212, were 419 and 430 mm, respectively. Olson, (1971) in a similar study on
yield and water use by different plant populations of dryland corn and grain sorghum,
reported crop water use of corn ranging from 293 to 448 mm for plant populations of 35,
45 and 70 thousand plants ha"!. The range of water use reported by Olson (1971) is
significantly lower than that obtained in this experiment. This could be because of the
longer duration of the growing season of 148 days for corn, caused by the delay in
harvesting. Harvesting of corn at its proper maturity time would have given the overall
mean crop water use of 452 mm. However, the range of crop water use reported by
Olson (1971) is still lower because Olson used a narrower row spacing of 51 cm
compared to 92 cm in this study. Narrow row spacing has a pronounced effect on the
crop water use by reducing the loss of soil water by evaporation (Timmons et al., 1966)
and because of a higher relative humidity in the vicinity of the plants. Several other
studies (Ritchie and Burnett, 1971; Hanks et al., 1971; Blum and Nevah, 1976; and
ChinChoy and Kanemasu, 1974) have shown the benefit of ground cover in minimizing

soil evaporation.
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Olson (1971) reported crop water use of dryland sorghum ranging from
296 to 450 mm. The water use values of this experiment fall close to the upper end of
this range. Porter et al. (1960) reported crop water use of sorghum ranging from 520 mm
to 591 mm. These values are higher compared to those in this experiment, probably
because soil water was made available throughout the growing season by supplemental
irrigation (Porter et al., 1960). Unger, (1991) in a study at Bushland, TX, reported crop
water use for 8 cultivars of dryland sorghum, ranging from 339 mm to 458 mm. These

values compare well to those obtained in this experiment.

Crop water use of dryland corn and sorghum is variable and clearly
depends on numerous factors including plant population. There were no significant
differences in the mean crop water use for the three plant populations of corn cultivar
Pioneer 3140 (Table 10) and there was no significant interaction between cultivar and
plant population on crop water use. For each cultivar, there was also no significant effect

of plant population on the crop water use (Table 12).

These results are consistent with several other previous studies (Porter et
al., 1960; Tanner et al., 1960; Olsen, 1971; and Unger, 1991). Transpiration increases
for higher plant populations, but at the same time soil evaporation decreases due to
shading and interception of solar radiation (Tanner et al., 1960; and Steiner, 1986). The
soil temperature and light intensity at the soil surface is usually significantly lower at high
plant densities (Stickler and Laude, 1960). Denser plant stands also increase shading on
the nearby plants. Shading reduces the temperature of the leaves and the amount of water

transpired. Conversely, as plant population decreases, transpiration and light
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interception decreases and soil evaporation increases. As a result, the crop water use

tends not to be significantly different between plant populations (Aldrich et al., 1975).

The crop water use for each soil water measurement interval was divided
by the number of days in the interval to obtain a mean daily crop water use. These crop
water use values were averaged over all treatments to obtain an overall mean daily crop
water use for the interval. These overall mean daily crop water use values are plotted in
Figure 11 along with the mean daily rainfall for each interval against the midpoint of each
interval in days after planting. Under adequate supply of soil water a typical daily crop
water use curve for corn will be sigmoidal with a maximum between 60 to 100 DAP
(Denmead and Shaw, 1959). However, under dryland conditions daily crop water use
will fluctuate with the water availability to the crops as illustrated in Figure 11. In this
study, the peak mean daily crop water use of corn occurred during the interval of 90 to
100 DAP, which coincides with the grain filling stage. The mean daily crop water use
during this stage by the crop was about 10 mm per day (Figure 11). Aldrich, et al.,
(1975) reported peak water requirement for corn as high as 12 mm per day, from tasseling
to grain filling stage. Tasseling of corn in this study took place in between 78 - 80 DAP,
which coincided with a dry spell of 9 days (Figure 4). Corn during this stage probably
suffered water stress conditions. Figure 11 shows that the mean daily crop water use
values during the dry spell ranged from 2 - 4 mm, as compared to the reported values of
daily crop water use of about 8 to 12 mm per day with adequate supply of soil water
(Aldrich, et al., 1975). After the grain filling stage, transpiration of crops typically

decreases and therefore daily water use would tend to decrease as shown in the Figure 11.
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Similar results on mean daily crop water use at various time intervals
during the growing period are presented in Figures 12 and 13 for the sorghum cultivars
Dekalb 48 and Southern States 1212 respectively. The results were similar for the two
cultivars and showed a similar pattern as that for corn. Daily crop water use was less
than 1 mm per day between 60-70 DAP. At this stage reported values of mean daily
crop water use are between 3 to 5 mm with good supply of soil water (Bennett, et al.,
1990). This stress could have adversely affect the grain and dry matter yield of
sorghum. Bennett et al. (1990) also obtained a similar pattern of daily crop water use by
dryland sorghum as shown in Figures 12 and 13. He obtained peak daily water use
values of 10.1 mm at 45-70 DAP, at the boot, early bloom, and grain filling stages. These
values are comparable to value of 9 mm obtained in this study. However, the peak mean
daily crop water use occurred between 75-85 DAP in this study, probably because of the

delay in the emergence of the sorghum seedlings.

Panicle differentiation is a critical growth period for sorghum. Moisture
stress during early panicle development is reported to reduce the number of grains per
panicle (Lewis et al., 1974; Krieg, 1975) which would result in lower grain yields. Soil
water stress after this period reduces the weight of the individual grains. Under non-
stressed conditions dry matter accumulation by the grain is largely a function of the
photosynthates produced by the flag leaves and the upper four leaves (Fisher and Wilson,
1971). However, under soil water stress conditions, translocation of the limited amount
of photosynthates produced is partitioned differently among the root, stover, and grain.
The partitioning tends to be preferential for roots in order to maintain nutrients and water
absorption. Less photosynthates go into stover development and the least into the grains

(Krieg, 1983). Soil water stress during the grain filling stage, therefore reduces the weight
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of the individual grains. It can also reduce the total duration of the grain filling stage.
Eastin (1972) reported that the grain filling period for numerous hybrids of sorghum
grown under dryland conditions in Nebraska, was reduced by approximately 20%, which

caused a grain yield reduction of 25%.

Effect of plant population on crop water use efficiency:

Water use efficiency (WUE) is calculated as the ratio of grain yield and the
crop water use. The water use efficiency tended to increase with increased plant
populations of both corn and sorghum (Tables 10 and 12). For corn, the WUE was not
significantly different among plant populations (Table 10). This is expected because
WUE depends upon the corn grain yield and crop water use, and both were not

significantly affected by plant populations.

For sorghum, the WUE of both cultivars also tended to increase with
increasing plant populations. There was no significant interaction between cultivar and
plant population on water use efficiency. The WUE of the lowest plant population of
both sorghum cultivars was significantly different from the higher plant populations
(Table 12) because their yield differed significantly at the highest and the lowest plant

populations.

Results of the total and the average daily crop water use at various
intervals discussed above for corn (Table 10) and for both cultivars for sorghum (Table
12) showed that water use is not consistently influenced by the plant population. This

would be expected if increase in transpiration with increasing plant population was offset
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by decrease in soil evaporation. Higher plant populations should however accumulate
more photosynthates for translocation during the grain filling stage. If more grain is
produced then WUE would tend to increase with increasing plant population. The two
sorghum cultivars showed different trends in WUE. For cultivar Southern States 1212,
WUE increased with increased plant population and then declined at the highest plant
population (Table 12). This cultivar may have reached its maximum yield potential under
given dryland conditions at the plant population level close to 160,000 plant ha-!. The
WUE for the cultivar Dekalb 48, increased with increasing plant population without
similar indication of a maximum value (Table 12). However, the increasing trend in the
WUE was not sequential for all the plant populations. The WUE decreased for the third

plant population treatment of 158,000 plants ha™!.

In the sorghum experiment the plant population treatments were kept as
close as possible in the ratio of 1:2:3:4 relative to the lowest plant population (Table 12).
For both sorghum cultivars, the grain yield per plant decreased at a decreasing rate with
increase in plant population (Table 13 and Figure 9). However, the water use efficiency
increased at a decreasing rate with increase in plant population (Table 12 and Figure 14).
This implies that crop water use per plant decreased at a faster rate than grain yield per

plant over the range of plant populations used in this study.

Water Use Efficiency ( WUE) results of this experiment are comparable
with the WUE values of several previous studies. Olson (1971) reported WUE of corn
ranging from 0.361 to 0.959 kg m=3 and WUE of sorghum ranging from 0.859 to 1.608 kg
m-3. Musick, et al. (1963) reported WUE of sorghum ranging from 1.36 to 1.61 kg m~3

under irrigated conditions. Steiner (1986) reported WUE of sorghum ranging 0.830 to
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1.28 kg m=3 and Unger (1991) reported WUE of sorghum ranging from 0.93 to 1.48 kg
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Chapter V

SUMMARY AND CONCLUSION

Drought or lack of water is the most important factor limiting the growth
and yield of crops grown under dryland agro-ecological conditions. Yield of dryland
crops in Virginia's Coastal Plain are often reduced by soil water stress, especially on soils
with relatively low water holding capacity. Several droughts in Virginia since 1980 have
resulted in a steady decline in the area cropped to dryland corn (Zea mays L.) especially
on soils of the Coastal Plain with relatively low water holding capacity. This led to
ongoing investigations on the feasibility of growing dryland sorghum (Sorghum bicolor

(L.) Moench) as an alternative feed grain crop because of its drought tolerance.

Two field experiments were conducted on a Uchee loamy sand (fine,
loamy, siliceous, thermic Arenic Hapludult) with relatively low water holding capacity.
The objective was to determine the effect of plant population on yield, water use, and
water use efficiency, for one cultivar of corn and two cultivars of sorghum. Plant
population treatments for corn were at 37, 49, and 62, thousand plants ha~! of cultivar
Pioneer 3140 on a 92-cm inter-row spacing. For sorghum, treatments were factorial
combinations of plant populations of 54, 109, 158, and 202 thousand plants ha-! and
cultivars Dekalb-48 and Southern States-1212 on a 46-cm inter-row spacing. Soil water
measurements were taken every 20 cm intervals to a depth of 1.7-m, at 10-days intervals

after planting, using Sentry AP-200 moisture probe. Plots were 9.1 m by 3.65 m in area
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and were laid out in randomized complete blocks with four replications. Data on grain

yield and dry matter yield were taken at harvest.

The results showed that:

i. Overall mean grain yield for the corn experiment was 3909 kg ha-!. For sorghum
it was 4800 kg ha-! for cultivar Dekalb-48 and 4740 kg ha! for cultivar Southern States-
1212. These overall mean yields were lower than would be expected if there were no soil
water stress during the growing period. Results of soil moisture measurements showed
that there was soil water stress during the growing period. This stress occurred at 75 to
83 days after planting of corn and at 60 to 68 days after planting of sorghum. These
periods coincided with the tasseling stage for corn and just prior to boot stage for

sorghum. Soil water stress at these growth stages are known to depress yields of these

Crops.

il The grain, stover, and total above ground dry matter yield of corn, tended to
increase with increase in plant populations. However, the increase was not significantly

different (P>0.05) at the given plant populations.

1ii. The grain, stover, and total above ground dry matter yield of sorghum, increased
with increase in plant population. Increases were significantly different (P<0.05)
between the lowest and the highest plant populations. Cultivar had no effect on these

variables and there was no significant interaction between cultivar and plant population.
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iv. The grain, stover, and the total above ground dry matter yield per plant for both corn

and sorghum decreased at a decreasing rate with increase in plant population.

V. The crop water use for corn, averaged over all treatments, was 494 mm.
Corresponding values were 419 mm for sorghum cultivar DK48 and 424 mm for SS1212.
Neither plant population nor cultivar significantly influenced crop water use in the two

experiments.

Vi. The grain water use efficiency of both corn and the two cultivars of sorghum
tended to increase at decreasing rate with increase in plant population. Overall mean
water use efficiency for sorghum cultivar DK48 was 1.146 kg m=3, slightly better than

1.099 kg m3, for cultivar SS1212.
The majority of the results obtained in this study are consistent with

similar previous research. The results indicate that sorghum has a better yield potential

than corn under dryland conditions on soils with relatively low water holding capacity.
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APPENDIX -1

Description of the soil profile horizons for the two associated soil types in the

experimental field

1. Uchee loamy sand (fine, loamy, siliceous, thermic Arenic Hapludult)

Ap 0-33 cm; Yellowish brown (10YR 5/4) loamy sand; weak fine granular structure;

very friable; non-sticky, non-plastic; abrupt and smooth boundary.

E 33-58 cm; Pale brown (10YR 6/3) loamy sand; weak fine granular structure; very

friable; non-sticky, non-plastic; gradual wavy boundary.

BE 58-69 cm; Pale brown (10YR 6/3) with coarse or medium distinct yellowish
brown (10YR 5/4) sandy loam; weak moderate granular structure; friable; slightly sticky,

non-plastic; gradual smooth boundary.

Btl  69-102 cm; Yellowish brown (10YR 5/6) with common fine distinct mottles
colored brown (10YR 5/3), light brownish gray (10YR 6/2) and strong brown (7.5YR 5/8)
sandy clay loam; moderate medium sub-angular blocky structure; friable; sticky, plastic;

gradual smooth boundary.

Bt2  102-122 cm; Mottled and streaked yellowish brown (10YR 5/8) with mottles
colored gray (10YR 6/1) strong brown (7.5YR 5/6) yellowish red (SYR 5/6) dark red
(2.5YR 4/8) sandy clay; moderate medium sub-angular blocky structure; firm; sticky,

plastic; gradual wavy boundary.
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Bt3 122-137 cm; Mottled and streaked gray (10YR 6/1) with mottles colored
yellowish red (SYR 4/8) reddish brown (5YR 4/4) dark gray (SYR 4/1) clay; massive

structure; firm; sticky, plastic; gradual wavy boundary.

BC 137-163 c¢m; Mottled and streaked gray (10YR 6/1) with mottles colored
yellowish red (5YR 4/8) reddish brown (SYR 4/4) dark gray (5YR 4/1) stratified sandy
clay and sandy clay loam; massive structure, firm; sticky, plastic; gradual wavy

boundary.

2. Eunola loamy sand (loamy, siliceous, thermic, Aquic Hapludult)

Ap 0-33 cm; Dark grayish brown (10YR 4/2) loamy sand; weak fine granular

structure; very friable; non-sticky, non-plastic; clear smooth boundary.

E 33-46 cm; Pale brown (10YR 6/3) loamy sand; weak medium granular structure;

friable; non-sticky, non-plastic; smooth boundary.

BE 46-58 cm; Light yellowish brown (10YR 6/4) with very pale brown mottles
(10YR 7/4) sandy loam; weak moderate sub-angular blocky structure; friable; sticky,

plastic; clear wavy boundary.

Bt 58-89 cm; Yellowish brown (10YR 5/6) with few fine mottles colored light
yellowish brown (10YR 6/4) sandy clay loam; moderate medium sub-angular blocky

structure; friable; sticky, plastic; clear wavy boundary.

Appendix-1 86



Be 89-132cm; yellowish brown (10YR 5/4) with common medium distinct mottles
colored light yellowish brown (10YR 6/4) and light brownish gray (10YR 6/2) sandy clay
loam; weak coarse sub-angular blocky, compact structure; friable; slightly sticky, slightly

plastic; clear wavy boundary.

Cg 132-203 cm; Gray (10YR 6/1) with common medium and prominent yellowish red
mottles (SYR 4/6) sandy loam; compact structure; firm in place but when broken slightly

sticky and slightly plastic; no boundary.
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APPENDIX - II

Comparison of measured volumetric soil water content (M) and those calculated

using the factory calibration coefficients and the field calibration coefficients

obtained in this study.

M (%) M(%)
Calculated using  Calculated using
Sentry AP-200, M (%) factory calibrated field calibrated
D-Values Field measured coefficients coefficients
Aj Bj Ci Dj
3684 12.4 12.2 19.0
3861 17.1 17.2 23.73
4064 23.1 23.2 31.2
3939 25.5 19.3 26.4
4254 32.3 31.2 43.1
4171 36.8 273 36.9
4237 35.6 30.3 41.7
4052 29.1 22.8 30.7
3909 24.8 18.5 25.2
3290 9.0 6.5 11.6
3623 13.2 12.1 17.6
3873 23.1 17.5 24.1
4011 25.8 21.4 28.9
4108 27.1 24.8 334
4133 37.8 25.7 34.7
4074 36.4 23.5 31.7
4143 37.2 26.1 35.3
4307 36.8 34.2 48.5
88
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3335
3465
3676
3938
3999
4037
4237
4139
4396
3342
3706
3876
3845
3961
3989
4004
4050
4171
3243
3501
3749
3875
3915
4025
4051
4071
4161
3274
3454
3532
3719
3703
3800
3903
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8.7
15.2
20.0
27.8
31.1
32.8
31.5
36.5
443
16.0
17.3
25.1
36.1
39.7
45.7
48.2
229
17.1
8.9
12.4
18.5
20.2
25.8
25.6
27.0
27.6
27.8
9.4
14.2
13.2
24.7
26.7
30.8
309

7.1
9.1
13.0
19.3
21.1
223
32.9
23.1
40.4
7.2
13.7
17.6
16.8
19.9
20.8
21.2
227
273
5.8
9.8
14.6
17.6
18.6
21.9
22.7
23.4
26.8
6.2
9.0
10.3
13.9
13.6
15.7
18.3

12.3
14.5
18.8
26.2
28.5
30.
41.7
35.1
64.4
12.4
19.5
24.2
23.2
27.0
28.1
28.7
30.6
36.9
10.8
15.2
20.6
24.7
254
29.5
30.6
31.6
36.4
11.3
14.3
15.7
19.8
19.5
21.9
25.0
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3917
3715
3162
3438
3450
3604
3746
3998
3039
3413
3676
3750
3853
3802
3117
3359
3455
3554
3821
4016
3065
3376
3560
3549
3607
3818
3296
3589
3726
3780
3891
4010
3397
3470
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28.4
29.2
9.2
13.5
14.5
20.4
21.9
28.1
6.8
12.6
225
25.7
33.7
29.9
8.2
14.6
18.1
20.2
243
37.8
6.4
12.4
212
18.5
223
27.5
14.3
19.4
20.6
21.1
21.4
24.6
13.2
17.8

18.7
13.9
4.7
8.7
8.9
11.6
14.5
21.0
3.1
8.3
13.0
14.6
17.0
15.8
4.1
7.5
9.0
10.7
16.2
21.6
34
7.7
10.8
10.6
11.7
16.2
6.5
11.3
14.1
15.3
18.0
21.4
8.0
9.2

25.5
19.7
9.7
14.0
14.2
17.2
20.5
284
8.0
13.6
18.8
20.6
23.5
22.0
9.0
12.6
14.3
16.2
22.5
29.2
8.4
12.9
16.3
16.1
17.3
225
11.6
16.9
20.0
214
24.6
28.9
13.3
14.6
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3702 24.8 13.6 19.4

3751 253 14.6 20.6
3707 30.9 13.7 19.6
3852 27.9 17.0 23.5

Mean difference between the 110 measured moisture content values and corresponding
values calculated using the factory calibrated coefficients

= 1—[&]=0.3131 or31.3%

> Bi

Mean difference between the 110 measured moisture content values and corresponding

values calculated using the field calibrated coefficients

= 1—[&:]=0.0207 or2.1%
> Bi
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APPENDIX - III

Daily rainfall and maximum and minimum temperature during the growing
period for the corn and sorghum field experiments. Corn was planted on April 19,

1994 and sorghum on May 3, 1994. Harvesting date was September 13, 1994, for

both the crops.
Cumulative Minimum Maximum
Date Rainfall rainfall temperature temperature
(mm) (mm) oC oC
19-Apr 0.0 0.0 4.8 25.5
20-Apr 0.0 0.0 11.7 30.9
21-Apr 0.0 0.0 12.6 26.4
22-Apr 0.0 0.0 8.6 21.5
23-Apr 2.0 2.0 4.8 13.0
24-Apr 0.0 2.0 3.3 17.8
25-Apr 0.0 2.0 4.1 28.8
26-Apr 0.0 2.0 11.1 314
27-Apr 0.0 2.0 10.9 33.1
28-Apr 0.0 2.0 17.0 32.1
29-Apr 0.0 2.0 14.7 29.6
30-Apr 0.0 2.0 14.6 30.9
1-May 11.7 13.7 17.3 31.0
2-May 2.5 16.2 53 279
3-May 0.0 16.2 6.6 18.5
4-May 7.9 24.1 3.8 20.9
5-May 23.0 47.1 11.7 15.5
6-May 6.1 53.2 12.4 16.7
7-May 0.3 53.5 9.1 23.9
8-May 0.0 535 14.2 26.6
9-May 7.4 60.9 9.3 20.3
10-May 0.0 60.9 8.1 23.2
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11-May
12-May
13-May
14-May
15-May
16-May
17-May
18-May
19-May
20-May
21-May
22-May
23-May
24-May
25-May
26-May
27-May
28-May
29-May
30-May
31-May
1-Jun
2-Jun
3-Jun
4-Jun
5-Jun
6-Jun
7-Jun
8-Jun
9-Jun
10-Jun
11-Jun
12-Jun
13-Jun
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0.0
0.0
0.0
0.0
0.0
0.0
6.1
0.0
0.0
0.3
0.0
0.0
0.0
0.0
0.0
0.0
26.6
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
13.5
0.0
3.9
0.0
0.0
5.1
0.0

60.9
60.9
60.9
60.9
60.9
60.9
67.0
67.0
67.0
67.3
67.3
67.3
67.3
67.3
67.3
67.3
93.9
93.9
93.9
93.9
93.9
93.9
93.9
93.9
93.9
93.9
93.9
107.4
107.4
111.3
111.3
111.3
116.4
116.4

9.2
6.7
13.0
6.4
7.6
14.6
15.5
10.6
10.9
9.0
9.4
8.4
6.6
9.9
17.6
17.6
19.5
9.6
72
8.8
13.2
14.8
18.1
17.9
14.7
11.9
14.8
19.6
225
18.6
18.1
18.1
18.4
20.5

222
25.4
28.1
21.7
26.6
30.7
27.7
203
18.8
14.9
13.8
19.1
24.8
32.5
32.6
322
31.4
20.6
22.5
26.9
27.7
26.9
32.7
28.2
26.2
28.6
30.1
31.2
30.2
27.1
259
26.2
24.8
30.8
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14-Jun
15-Jun
16-Jun
17-Jun
18-Jun
19-Jun
20-Jun
21-Jun
22-Jun
23-Jun
24-Jun
25-Jun
26-Jun
27-Jun
28-Jun
29-Jun
30-Jun
1-Jul
2-Jul
3-Jul
4-Jul
5-Jul
6-Jul
7-Jul
8-Jul
9-Jul
10-Jul
11-Jul
12-Jul
13-Jul
14-Jul
15-Jul
16-Jul
17-Jul
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0.0
0.0
0.0
27.5
14.0
0.0
0.0
0.0
0.3
0.0
0.6
1.1
0.0
0.0
3.9
0.0
5.1
0.6
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
43
0.0
0.0
0.0
0.0
0.0
16.6

116.4
116.4
116.4
143.9
157.9
157.9
157.9
157.9
158.2
158.2
158.8
159.9
159.9
159.9
163.8
163.8
168.9
169.5
169.5
169.5
169.5
169.5
169.5
169.5
169.5
169.5
169.5
173.8
173.8
173.8
173.8
173.8
173.8
196.4

20.8
22.6
22.3
21.6
22.1
21.0
21.6
22.2
21.7
222
22.1
24.1
21.3
20.4
20.4
19.6
20.9
20.5
19.2
20.3
20.8
223
229
213
23.2
234
239
222
22.6
221
23.6
23.9
23.9
22.8

33.2
34.9
35.8
329
30.4
32.1
333
33.4
33.2
32.8
33.9
32.4
32.1
31.9
30.9
31.1
30.2
29.6
31.4
325
33.1
33.3
33.6
355
35.1
353
37.0
36.6
30.5
32.4
33.6
35.1
36.7
354
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18-Jul

19-Jul

20-Jul

21-Jul

22-Jul

23-Jul

24-Jul

25-Jul

26-Jul

27-Jul

28-Jul

29-Jul

30-Jul

31-Jul

1-Aug

2-Aug

3-Aug

4-Aug

5-Aug

6-Aug

7-Aug

8-Aug

9-Aug

10-Aug
11-Aug
12-Aug
13-Aug
14-Aug
15-Aug
16-Aug
17-Aug
18-Aug
19-Aug
20-Aug

Appendix-111

0.3
1.3
87.8
0.0
13.2
0.0
7.6
0.0
0.3
5.0
1.2
222
27.5
2.2
0.0
0.0
3.8
0.6
0.3
20.7
0.0
0.0
0.0
0.0
0.0
0.0
203
0.3
0.0
35.8
7.1
8.7
0.0
0.0

190.7
192.0
279.8
279.8
293.0
293.0
300.6
300.6
300.9
305.9
307.1
3293
356.8
359.0
359.0
359.0
362.8
363.4
363.7
384.4
384.4
384.4
384.4
384.4
384.4
384.4
404.7
405.0
405.0
440.8
447.9
456.6
456.6
456.6

21.5
225
22.5
23.9
23.7
242
23.5
233
22.8
22.6
22.0
21.8
22.7
22.6
221
21.2
22.1
22.8
22,5
20.6
15.1
13.8
14.5
12.7
15.2
18.7
21.5
23.8
24.6
193
18.0
23.0
22.9
20.0

333
32.4
30.2
31.2
31.4
30.5
29.8
312
31.8
30.9
32.4
32.1
21.5
249
25.7
27.9
31.2
32.0
31.6
32.6
323
24.9
26.7
295
30.3
27.5
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21-Aug
22-Aug
23-Aug
24-Aug
25-Aug
26-Aug
27-Aug
28-Aug
29-Aug
30-Aug
31-Aug
1-Sep
2-Sep
3-Sep
4-Sep
5-Sep
6-Sep
7-Sep
8-Sep
9-Sep
10-Sep
11-Sep
12-Sep
13-Sep

Summary:

0.0
2.1
0.8
0.0
0.3
0.0
1.8
0.0
0.0
0.0
0.0
0.0
0.0
6.1
11.3
0.3
0.0
0.0
0.0
0.0
0.3
0.0
0.0
0.0

456.6
458.7
459.5
459.5
459.8
459.8
461.6
461.6
461.6
461.6
461.6
461.6
461.6
467.7
479
479.3
479.3
479.3
479.3
479.3
479.6
479.6
479.6
479.6

19.5
214
18.7
14.6
12.7
11.7
17.1
17.3
18.7
21.8
15.9
14.1
22.1
16.9
16.1
13.0
11.0
13.2
15.6
14.3
14.5
14.7
12.8
11.1

Corn

Mean maximum temperature (°C) over growing period: 28.8

Mean minimum temperature (°C) over growing period: 29.0"
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Sorghum

.17.0
T

17.7

0

K

31.2
31.8
28.3
253
24.9
27.4
30.7
30.7
31.9
31.9
27.4
31.0
30.5
22.0
21.6
22.5
24.8
26.4
27.8
26.9
29.2
294
26.2
26.0
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Rainfall distribution:

Number of days with rainfall amount in specified

Interval of rainfall interval
amount Corn Sorghum-----------
(mm)
>0-5 26 25
>5-10 13 13
>10-15 4 4
>15-20 1 1
>20-25 4 4
>25-30 3 3
>30-35 0 0
>35-40 1 1
>80-90 1 1
Number of rainy days 33 52
Total rainfall (mm) 479.6 463.4
Growing period (days) 148 134
Average rainfall per rainy
day (mm) 9.05 8.91
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