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INTRODUCT ION

Research on root development has been relatively scarce due to sam-
pling difficulty. Most of the root research studies have been conducted
in the greenhouse, rhizotron, and growth chamber. Investigators have
differed in their reports on root depth and distribution and dry matter
accumulation in relation to physiological development stages using the same
crop plants. The differences arose mainly because of variations in soil,
crop, soll moisture status, climatic.factors, and cropping practices. In
most cases information obtained were inadequate and inconclusive for
describing rate of development or rooting potential.

If we can establish a relationship between top growth of crops and
their rooting system, we could predict soil water depletion in the profile
with some certainty from above ground measurements. Progressive roet depth
and distribution combined with estimates of evapotranspiration and
available soll water are necessary for reliable prediction of irrigation
water needs and irrigation scheduling.

Reports on crop root studies indicated that dry matter accumulation
and ion uptake were definitei& related to soil water content. As roots
absorb water, soil water tension is increased and water movement in the soil
occurs., The presence of water in the soil is essential for translocation
of plant nutrients to the roots. When available soil water is limiting,
there is usually a reduction in dry matter accumulations and/or crop yield.
Irrigation timing is therefore an important decision process for restoring
available soil water for effective crop production, since nutrient ions
must move from the soil to the absorption site of the root surface for

plant uptake. Rooting volume becomes an important aspect in determining



water intake. In corn rbot studies, water uptake and root elongation
decreased as moisture content per unit tension decreased (Peters, 1957).
Grain sorghum was found to accumulate more root dry matter in the upper
32cm of soil than soybeans under supplemental sprinkler irrigation (Teare
et al., 1973).

The purpose of this research was to correlate root depth and distribu-
tion of soybeans with morphological parameters of the tops at specific
physiological stages under irrigated and nonirrigated conditions and to
investigate root depth and distribution of soybeans, corn, and grain
sorghum in relation to some soil water parameters (available soil water,

soil water potential and hydraulic gradients) in the root zone.
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RELATIVE GROWTH RATE OF SOYBEAN TOPS AND
ROOTS IN RELATION TO SOIL WATER
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RELATIVE GROWTH RATE OF SOYBEAN TOP§ AND
ROOTS IN RELATION TO SOIL WATERL

W.C. Mayaki, I.D. Teare, and L.R. Stonezj

ABSTRACT

Relative growth rate of soybean [Glycine max (L.) Merr., cv.
'williams'] tops and roots were measured in relation to physiological stage
under two soil water regimes. Correlating root depth and distribution in
a barrier free soil with physiological development of the tops will aid in
estimating the timing and amount of irrigation water required. Plant
height and tap root depth were measured at the time roots were sampled.
Soil samples (centered on the crop row) 75cm wide, 7.5cm thick and 180cm
deep (partitioned into 1l5cm increments) were collected and roots washed
free using 35 mesh screen. Dry matter for the tops and roots was obtained
by oven drying the plant sample at 100C. Soil water measurements were made
using neutron moderation and gravimetric sampling.

Soybean tap roots reached a depth of 160cm in both irrigated and non-
irrigated plots. Root length increased at a greater rate than plant

height. Above ground dry matter accumulated at a greater rate in the

Additional index words: Available soil water, Leaf area index, Soil water

potential.
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irrigated than nonirrigated soybeans. Approximately 897 of root dry matter
was concentrated in the upper 0-15 cm of the irrigated soil profile during
the early vegetative stage (V0-V3) compared with 85% in the upper 1l5cm of
the nonirrigated profile. At physiological maturity (R10), 67% of the
soybeans root dry matter was in the 0-15cm layer, 89Z% in the 0-90cm layer
and 99% in the upper 0-150cm layer, 83% in the 0-90cm layer, and 99% in

the 0-150cm increment of the nonirrigated soil profile. In nonirrigated
soybeans the root depth/top height ratio was constant at approximately 2:1
throughout the season. The irrigated ratio was 2:1 up to initiation of

pod development after which the ratio decreased sharply to approximately
1.4:1. The coefficient of determination (Rz) values for plant height
versus raot depth were 0.994 and 0.987 for the irrigated and nonirrigated
soybeans, respectively. Irrigated and nonirrigated soybean root dry matter

versus top dry matter had R2 values of 0.969 and 0.924, respectively.



INTRODUCTION

Reports of root development have been limited due to sampling diffi-
culty. Most root studies have been conducted in the greenhouse, rhizotron,
or growth chamber (Muzik and Whitworth, 1962; Rogers, 1969; Taylor, 1971).
Field root research has been conducted primarily on corn and cotton. Foth
at Michigan (1962) made 8 observations throughout the corn growing season
and found a definite association between root growth stage and top growth
stage. Raper and Barber (1970a) compared soybean varieties in field root
distribution studies using core and monolith techniques to sample the 0 to
80cm soil depth., Raper (1970) used the dry matter and nutrient accumula-
tions of tops to examine the physiological effectiveness of the rooting
system, but the 80cm depth was insufficient to allow evaluation of the root
depth potentials.

Investigators have differed somewhat in their findingé on root
development in the same crop probably because of differences in soil upon
which the crop was grown (Mitchell and Russell, 1971; Portas, 1973).

Taylor and Gardner (1963) related root penetration of soil to soil strength
in their study of cotton and peanut rooting systems. In corn, Foth (1962)
reported that root weight declined after the initiation of seed develop-
ment. Borst and Thatcher (1931) observed a similar phenomena in soybean
roots., However, Mitchell and Russell (1971) reported ﬁhat root weight in
soybeans increased until the vegetative portion of the tops ceased increas-
ing in dry matter then root dry matter decreased. Borst and Thatcher (1931)
reported that under favorable soil conditions the soybean tap root attained
a depth of 152cm, while Raper and Barber (1970a) observed that lateral

roots of soybeans sometimes attained a greater depth than the tap root.
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This research was directed at correlating root depth and distribution
in the field with morphological parameters (plant height, leaf area index,
top dry matter) of the soybean tops at specific physiological stages. If
meaningful relationships between root depth in a barrier free soil and
specific morphological parameters could be determined, rooting depth could
be estimated from above-ground observations enabling more accurate predic-

tion of irrigation requirements.
MATERIALS AND METHODS

The study area was on the Ashland Agronomy Research Farm l4km south of
Manhattan, Kansas. The soil is a Muir silt locam developed from alluvium,
The texture is silt loam to the lécm depth; silty clay loam from l4cm
through 50cm; silty clay from 50cm through 8lem; and silt loam below 8lcm.
The soil profile has slight plowpan features in the lidcm to 22cm layer and
clay accumulation in the 50cm to 8lcm layer, but is relatively free from
root-restricting features.

Soybeans [Glycine max (L.) Merr., cv. 'Williams'] were planted on
May 13 in rows 75cm apart and 12.2m long. The soybeans were thinned to a
final population of 26 plants per meter. Soybean development was described
according to the physiological stage as described by Hanway and Thompson
(1971). There were slight differences in time of physiological stage
between irrigated and nonirrigated soybeans until after stage R10. The
nonirrigated soybeans reached harvest maturity (R11) 3 to 4 days before
the irrigated soybeans.

Four plots 12 rows wide and 12.2m long were used; two irrigated and
two nonirrigated., The irrigated plots received a total of 28cm water

distributed near stages R&, R5.5, and R7. Water was applied by furrow
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using metered 15cm diameter aluminum gated pipe. Soil water was determined
in the 15 to 150cm soil profile at 1l5cm intervals using neutron moderation
and in the top 1l5cm layer by gravimetric sampling. One access tube was
placed in the center of each of the four plots. Soil water desorption
curves were used in estimating mean soil water potential in the root zone.
Available soil water in the root zone was estimated using -15 bars soil
water potential as the lower limit of availability.

Plant samples were obtained for dry weight, leaf area, node count, and
plant height measurements at the time of root sampling. The leaf area

3/

was measured using a leaf area meter.=~ Soil volumes (centered on the crop
row) 75cm wide, 7.5cm thick, and 180cm deep (partitioned into 1l5cm
increments), were collected and roots washed free using 35 mesh screen.
Two complete samples were taken in each of the four plots; yielding four
samples for the irrigated and four samples for the nonirrigated treatments.
The roots were sampled twice a week at stages VO-R5, once a week at R5.5-R9
and an 18 day interval between R9 and R10. Root dry weight was determined
by oven drying at 100C.

Seed yield and lodging data (1 represents all plants standing erect

and 5 represents no plants standing erect) were obtained from 3m strips of

the two center rows in each plot.
RESULTS AND DISCUSSION

Available soil water (ASW) in the soybean root zone, mean soil water

potential (ys) in the root zone, and water received (irrigation and rainfall)

éjAutomatic Area Meter, Model AAM-5 by Hayashi Denko Co., Ltd.,
Tokyo, Japan. :



are plotted against physiological and chronological age in Fig. 1. Avail-
able soil water increased during the season because of increasing root zone
depth. The seasonal water use (neglecting flux into or ouf of the root
zone) was 60.7cm in the irrigated soybeans and 37.9cm in the nonirrigated.
Hydraulic gradient data taken using mercury manometer tensiometers showed
an upward gradient in both irrigated and nonirrigated soybeans after
approximately July 1, indicating actual evapotranspiration was greater than

profile water use values would indicate.
DESCRIPTION OF ROOTING SYSTEM

In view of the qualitative analysis of soybean root lateral distribu-
tion by Raper and Barber (1970a), we employed a quantitative analysis of
the root biomass with depth. Plant height of the soybeans grown under
irrigation increased at a greater rate than under nonirrigated conditions
(Fig. 2). The rooting depth of soybeans increased rapidly after stage V3
(Fig. 2) and continued until approximately mid-July when the rate of root
extension decreased slightly. Root depth difference between irrigated and
nonirrigated soybeans was appfeciable from mid-July through mid-August,
reaching a maximum of approximately 12em with the irrigated roots being
deeper. The 160cm depth was reached in both treatments at R9.3 (27 Aug.).
The nonirrigated soyBeans likely benefited from the mid-August rainfall
causing increased root growth.

About 89%Z of the root dry matter (DM) was concentrated in the upper
0-15cm at the late vegetative growth stage (V3) in the irrigated soybeans
compared with 85% in the nonirrigated (Fig. 3). At physiological maturity
(R10) 67% of tﬁe root DM was in the upper 0-15cm, 89% in the 0-90cm and

99% in the 0-150cm increment for the irrigated soybeans compared with 517%
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of the root DM in the upper 0-15cm, 83% in the 0-90, and 99% in the 0-150cm
increment for the nonirrigated soybeans. The root dry matter in the
45-90cm layer for the nonirrigated soybeans exceeded that for the irrigated
between R4 and R9 (23 July-27 Aug.). This was a reflection of the dry
period between June 15 and July 23, when the nonirrigated roots accumulated
greater DM in the 45-90cm depths. After R7 the root DM below the 90cm of
nonirrigated soybeans also was greater than that of the irrigated soybeans.
The total root DM was similar in the nonirrigated and irrigated plots
during the early and late stages of plant growth (Fig. 4). During July and

most of August the irrigated roots DM exceeded nonirrigated root DM.
DESCRIPTION OF THE TOP GROWTH

The early stages (VO-V3) were characterized by slow length (Fig. 2)
and dry matter (Fig. 4) increase of both roots and tops. The early top
growth rates were approximately 0.64cm/day for the irrigated and .57cm/day
for the nonirrigated. The average growth rate for the irrigated tops
between R4 and R5.5 was about 1.38cm/day and 0.96cm/day for the nonirri-
gated tops. Seasonal average growth rate (VO-R10) was 1.0lcm/day for the
irrigated tops compared with 0.73cm/day for the nonirrigated tops.

Total DM accumulation of tops was partitioned into leaves, stems ‘and
pods (Fig. 5). Leaf DM for the irrigated tops peaked August 19 (R9). At
that time leaves were 25.7% of the top DM; stems, 51.1%; and pods 23.2%.
In the nonirrigated tops leaf DM peaked August 27 (R9.3), and the leaves
were 23.2% of the top DM; stems, 28.5%; and pods, 38.3%. The pod and bean
DM was about equal to that of stem and leaves combined at R10 for the
irrigated tOps'while in the nonirrigated plots pod and bean DM was 1.5

times DM for the stems and leaves combined. The total dry matter
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accumulation for the irrigated plots was 1.67 times that for the nonirri-
gated plots.

Leaf area index (LAI) (Fig. 6) increased gradually until V2 then
increased rapidly to a peak at R7.4 for the nonirrigated and R9 for the
irrigated soybeans. The LAI peak for the irrigated plots lagged behind the
nonirrigated by about 7 days. Irrigated soybeans attained a maximum LAI of
7.7 compared to 4.8 for the nonirrigated. After R9.3 the LAI decreased
rapidly in both treatments due to leaf senescence, but the top DM continued
to increase because of dry matter accumulation in the pods and beans.
Canopy closure did not occur in the nonirrigated plots, and physiological
maturity was reached 3-4 days earlier than in the irrigated plots.

Pod development started at the same time in both treatments, but grew
faster in fhe irrigated plots. Lodging factors were 1.8 in the irrigated
compared to 1.0 in the nonirrigated soybeans, suggesting increased DM
accumulation and height combined to cause lodging of soybeans with
essentially the same sized root system. The average bean yields were
2661kg/ha and 2396kg/ha for irrigated and nonirrigated soybeans, respec-
tively. The yield difference was significant at the 15% level. The
weights and standard deviations of 100 seeds per treatment were 17.45g+0,65,
and 18.35gt0.25 for irrigated and nonirrigated soybeans, respectively.

This showed higher yields from the irrigated soybeans came from a greater
number of seeds. Pod counts at maturity (R10) showed 45 pods/plant in the

irrigated plots and 35 pods/plant in the nonirrigated plots.
RELATIONSHIP OF THE ROOTING SYSTEM WITH THE TOP GROWTH

In the study of drought resistance (30 day period after emergence), of

soybeans Read and Bartlett (1972) repofted that root relative growth rate
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(RGR, on a DM basis) increased with decreasing ys, and that shoot RGR (also
on a DM basis) decreased with decreasing ys. We found a similar relation-
ship between RGR and ys in our soybean root study. Root RGR at R5.1-R9.3
(5 Jul~27 Aug.)was inversely related to ys while top RGR was directly
related to ys. Root DM accumulated at the rate of 3.5g/g/day x 10-2 in the
irrigated soybeans compared to 6.3g/g/day x 1(1'-2 in nonirrigated. The tops
increased at the rate of 8.5g/g/day x 0 gy irrigated compared to 5.9g/g/
day x 10-2 in nonirrigated soybeans. Nakayama and van Bavel (1963)
expressed root RGR in inches per day in their study of P32 uptake by
irrigated sorghum. They reported RGR of 2 to 5cm/day for 3 month old
sorghum. In both studies (Read and Bartlett, 1972; Nakayama and van Bavel,
1963), the RGR expressed was not specified for a particular physiological
stage. At R5.1-R9.3 (7 May-27 Aug.), we observed vertical taproot RGR of
1.56 and 1.63cm/day in irrigated and nonirrigated soybeans, respectively.
The corresponding top RGR was 1.45 and .77cm/day.

Regression analysis between root depth and plant height (Fig. 7)
showed a better fit with quadratic regression for irrigated soybeans while
linear regression best described the nonirrigated soybeans. The root
depth/top height ratio was constant at approximately 2:1 throughout the
season in nonirrigated soybeans. The ratio was 2:1 for much of the season
in irrigated soybeans but decreased sharply in late season. Determination
coefficients between root depth and plant height were 0.994 and 0.987 with
standard error of 4.863 and 6.409 for irrigated and nonirrigated soybeans,
respectively. The high determination coefficient between soybeans plant
height and root depth suggested the possibility of predicting root depth;
useful in estiﬁatiug irrigation requirements for soybeans. However, it

should be emphasized that plant growth characteristics may change with soil
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types, nutrient status of the soil, plant species, climatic factors, and
cropping practices.

Regression analysis between root and top DM for both treatments
(Fig. 8) showed a better fit with quadratic regression. Determination
coefficients between root and top DM were .969 and .924 with standard

errors of 1.019 and 1.403 for the irrigated and nonirrigated soybeans,

respectively.
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ROOT GROWTH OF SOYBEANS, CORN, AND GRAINl§ORGHUM
IN RELATION TO IRRIGATION PRACTICES—

W.C. Mayaki, L.R. Stone, and I.D. Tearegl

ABSTRACT

Root depth and distribution were investigated under irrigated and
nonirrigated conditions for soybeans [Glycine max (L.) Merr., cv.
'Williams'], corn [Zea mays (L.), cv. 'Prairie Valley 825'] and grain

sorghum [Sorghum bicolor (L.) Moench, cv. 'Pioneer 846']. The irrigated

plots received a total of 30cm of water in 3 applications using furrow
irrigation. Soil cores 6.7cm in diameter were taken in the crop row, 1/4
row, and 1/2 row for each crop at maturity. All crops of the treatments
studied had roots in the 150-180cm zone except irrigated corn. Total root
weight measured was 2.66g, 1.91g, and 4.19g in irrigated; 2.64g, 1l.42g,
and 2,86g in nonirrigated soybeans, corn, and grain sorghum, respectively.
In irrigated crops, approximately 71Z, 64% and 86% of the root dry matter
was in the upper 30cm for soybeans, corn, and grain sorghum, respectively.
In the nonirrigated crops, approximately 67%, 70% and 79% of the root dry

matter was in the upper 30cm for soybeans, corn, and grain sorghum,

Additional index words: Hydraulic gradient, Soil water content, Soil

water ﬁotential, Available soil water.
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respectively. Seasonal water use under irrigated conditions (neglecting
flux into or dut of the root zone) was 60.7cm, 62.9cm, and 49.6cm in
soybeans, corn and grain sorghum, respectively. Seasonal ﬁater use was
approximately 38cm for all three crops under nonirrigated conditioms.
Hydraulic gradients in the 130-150cm layer were between O and -1 during the
season for all irrigated conditioms. Hydraulic gradients decreased to -18
during August in nonirrigated soybeans. In nonirrigated corn hydraulic

gradients decreased to -2 and remained there until late in the season.
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INTRODUCTION

‘Soil water depletion and irrigation water application are necessarily
tied to root depth and distribution. A knowledge of progressive root
distribution is therefore useful in more efficient use of irrigation
water, Combining the estimates of evapotranspiration and available soil
water with root growth patterns gives a better estimate of water require-
ment (Jensen et al,, 1969).

Root penetration is influenced by factors affecting root growth
pressure, root anchorage and soil strength (Taylor and Gardner, 1963). As
plant roots absorb soil water, water tension in the soil increases in the
immediate proximity of the roots (Gingrich and Russell, 1957). 1In corn
root studies, water uptake and root elongation decreased as moisture
content per unit tension decreased (Peters, 1957).

Under supplemental sprinkler irrigation Teare et al. (1973) found
about 51% of sorghum roots in the upper 0-32cm depth and about 45% of
soybean roots in the upper 0-32cm depth at the end of the season. Kafkafi
et al. (1965) reported that P32 absorption by dryland sorghum was related
to its water consumption. Raper and Barber (1970b) showed that ion uptake
in soybeans was related to root size. Studies on corn root development
indicate that both root dry matter (DM) and ion uptake were linearly cor-
related with soil moisture content (Mederski and Wilson, 1960). Reikosky
gg_gl.'(1972) showed that the increase in daily water use by the soybeans
was reflected by the increased water uptake per unit root length and
increase in the length of roots.

The purpose of this study was to évaluate root depth and distribution

of irrigated and nonirrigated soybeans, corm, and grain sorghum.
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MATERIALS AND METHODS

‘Root systems were studied for irrigated and nonirrigated conditions
on the Ashland Agronomy Farm l4km south of Manhattan, Kansas. The soil is
Muir silt loam which developed from alluvium, Crops studied were soybeans
[Glycine max (L.) Merr., cv. 'Williams'], corn [Zea mays (L.), cv. 'Prairie

Valley 825'], and grain sorghum [Sorghum bicolor (L.) Moench, cv. 'Pioneer

846']. The two water treatments were replicated three times for each of
the three crops. Each plot consisted of ten rows spaced 75cm apart and
12.2m long. Soybeans and corn were planted on May 13, and grain sorghum on
May 21. Final plant populations were 357,000, 63,000, and 218,000 plants
per hectare for soybeans, corn, and grain sorghum, respectively.

Physiological stages were recorded as described by Hanway and Thompson
(1971), Hanway (1966), and Vanderlip (1972) for soybeans, corn, and grain
sorghum, respectively. A total of 30cm water were applied in three
irrigations to each crop at specific physiological stages. Soybeans were
irrigated at R4, R5.5 and R7; corn at 14 leaf stage, silk emergence, and
blister stage; and grain sorghum at boot stage, half-bloom, and soft dough
stage., Water was applied using furrows and gated pipe.

Soll cores 6.7cm in diameter were taken late in the season (Sept.
9-12) in the crop row, 1/4 row, and 1/2 row to 180cm soil depth. The 0 to
180cm depth was sectioned into 30cm increments. The cores were then
washed"through 35 mesh screen (.71lmm opening), and the roots oven dried at
100C, Plant samples were taken for leaf area measurementsgl at various

times in the season. So0il water content was determined using neutron

QIAutomatic Area Meter, Model AAM-5 by Hayashi Denko Co., Ltd.,
Tokyo, Japan.
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moderation and gravimetric sampling. Soil water potential was estimated
using soil water desorption curves. Mercury-manometer tensiometers were
installed at 130 and 150cm and used to calculate the hydraulic gradient.
One tensiometer battery was placed in each plot.

Seed yield and soybean lodging data (1 represents all plants standing
erect and 5 represents no plants standing erect) were obtained from the

two center rows of each plot.
RESULTS AND DISCUSSION

Description of Rooting Systems:

Root dry matter (DM) at physiological maturity is presented in Fig. 1
for soybeans, corn, and grain sorghum. The values are the total root
weight in ;he 30cm increments for in row, 1/4 row, and 1/2 row soil cores,
averaged for the three replicates. The in-row, 1/4 row, and 1/2 row
values are listed in Table 1.

Total root DM of soybeans for irrigated and nonirrigated plots
(physiological stage R10) (Fig. 1) was about the same; however, the
distribution in relation to depth showed that approximately 71%Z of the
irrigated roots DM was concentrated in the upper 30cm, 91% in the 0-90cm,
and 99.6% in the 0-150cm increments. In nonirrigated soybeans, 67% of the
root DM was found in the upper 30cm, 83% in the 0-90cm and 97% in the
0-150cm increments. Roots were deeper in the nonirrigated plots and there
was a higher root DM accumulation between 30-180cm for the nonirrigated
plots than for the irrigated indicating that water uptake from the lower
depths was more significant in the nonirrigated soybeans. Observations
indicated that the nonirrigated soybean lateral roots (roots originating

from the main axis) were more proliferated (greater number of small roots)
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Table 1. Average root dry matter g/1.06dm3 of soil for soybeans, corn and
grain sorghum under irrigated and nonirrigated conditionms.
Irrigated Nonirrigated
Soil Soil
depth (cm) R 1/4R 1/2R Total depth (cm) R 1/4R 1/2R Total
Soybeans
0-30 1.64 .21 .05 1.90 0-30 1.45 .18 14 1,77
30-60 A2 11 .04 .27 30-60 .07 .03 .07 .17
60_90 115 008 003 -26 60"90 -14 009 .03 l26
90-120 .07 .03 .02 .12 90-120 .07 .09 .07 . 24
120-150 .06 .03 .01 .10 120-150 .08 .03 .02 .12
150-180 .00 .01 .00 .01 150-180 .07 .01 .00 .08
Total 2,04 W47 .15 2,66 Total 1.88 43 .33 2.64
Corn
0-30 1.07 .08 07 1.22 0-30 «36 .14 .05 .55
30-60 -15 .05 010 |30 30_60 .06 uog -09 .24
60-90 .08 106 008 -22 60'90 .08 006 -07 021
90-120 .05 .05 .05 «15 90-120 .09 .13 .12 .34
120-150 .01 .00 .00 .01 120-150 .03 .02 .02 .07
150-180 .00 .00 .00 .00 150-180 00 .01 .00 .01
Total 1.36 .24 .30 1.91 Total 62 44,35 1.42
Grain sorghum
0-30 3.38 14 .08 3.60 0-30 2,03 .09 14 2,26
30-60 .06 .08 .08 .22 30-60 .04 .07 .06 17
60-90 -04 006 108 u18 60"90 006 -06 -05 017
120-150 .03 .02 .02 .07 120-150 .03 .02 .02 .07
150-180 .01 .02 .00 .03 150-180 .01 .02 01 .04
Total 3.53 .35 .31 4,19 Total 2.24 .32 .30 2.86
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which was reflected by a higher root weight in 1/2 row samples in the
nonirrigated plots compared to the irrigated. Root weight in row for the
irrigated plots exceeded that for the nonirrigated. No réots were
measured in the 1/2 row between the 150-180cm increment for either treat-
ment, nor in the same depth increment in row for the irrigated plots.

Soil cores were taken in corn at stage 10 (physiological maturity,

9 Sept.). The total root dry matter accumulation during the season in the
upper 150cm was 1.91g for the irrigated corn compared to 1.42g for the
nonirrigated. The root DM distribution (Fig. 1) shows that in irrigated
corn about 64% of the root DM was in the upper 30cm, 92% in the 0-90cm
increment and 99.6% in the 0-150cm increment. In the nonirrigated corn
39% of the total root DM was in the upper 30cm, 70% in the 0-90cm incre-
ment, and 99% in the 0-150cm increment. There was a higher root weight in
the 90-150cm in the nonirrigated corn than in the irrigated. Field
observation showed a greater root proliferation in the nonirrigated than
in the irrigated treatment. In-row root weight was greater for irrigated
plots than for nonirrigated. Root weights in the 1/4 row and 1/2 row were
greater in the nonirrigated than irrigated plots (Table 1). No roots were
measured for irrigated corn in the 150-180cm depth, and only .0lg measured
for the nonirrigated corn.

Soil cores were taken in grain sorghum at stage 9 (physiological
maturity) 105 days after emergence. In both the irrigated and the non-
irrigated treatments root DM was found in the 150-180cm depth. The total
root DM measured was 4.19g and 2.86g for the irrigated and nonirrigated
gsorghum, respectively (Fig. 1). 1In the irrigated grain sorghum, approxi-
mately 867 of the total root weight was concentrated in the upper 30cm,

95% in the 0-90cm and 99% in the 0-150cm increment. In the nonirrigated
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plots about 79% was found in the upper 30cm, 91% in the 0-90cm and 99Z in
the 0-150cm increment. The total root DM in row was 3.53g for the irrigated
compared with 2,24g for the nonirrigated plots, but was about the same in
1/4 row and 1/2 row for the two treatments. No roots were found in 1/2

row in the 150-180cm depth increment for the irrigated plots.

Comparison Between Crops:

Root depth and distribution were studied and results compared between
soybeans, corn, and grain sorghum. Only grain sorghum roots reached the
150-180cm zone in both irrigated and nonirrigated plots. The nonirrigated
soybean roots extended into the 150-180cm zone compared to the 120-150cm
zone in the irrigated, and nonirrigated corn roots extended more intc the
120-150cm zone than the irrigated corn roots. Grain sorghum accumulated
higher root DM in both irrigated and nonirrigated than either corn or
soybeans. The total root weight for grain sorghum was aboﬁt 2 times that
for corn in the corresponding treatment (Table 1). However, irrigated
grain sorghum had the greatest proportion of its root DM in the 0-30cm
increment. Total root DM in the nonirrigated grain sorghum and irrigated
and nonirrigated soybeans was about the same.

Available soil water (ASW) in the 0-150cm soil profile, mean soil
water potentials (Ys) in the profile, and water received are shown versus
date in Fig. 2. Data points after irrigation are not connected for ASW and
ys, because no observations were made immediately following irrigation.
During the period June 15 through July 23 the only measurable rainfall was
1.0cm on July 3. About 40 days in June and July the air temperature
éxceeded 32C, and reached a maximum of 41C on July 21. During those 40

days, afternoon relative humidity ranged between 20 and 40%. This period
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coincided with physiological stages V3-R5.5 in soybeans, and stages 2-5 for
corn and grain sorghum., The total water used by irrigated crops during the
season (disregarding soil water flux into or out of the root zone) was
60.7cm, 62.9cm, and 49,6cm by soybeans, corn, and grain sorghum, respec-
tively. 1In the nonirrigated crops water use during the season was 37.9¢cm,
37.8cm, and 37.3cm by soybeans, corn, and grain sorghum, respectively.

Teare et al. (1973) found seasonal evapotranspiration of about 6cm
greater in soybeans than in grain sorghum, and that grain sorghum was about
3 times as efficient in water use as soybeans. In the same study, grain
sorghum reduced water loss through stomata closure and conserved more soil
water than soybeans. Soil water content at the beginning and at the end of
the season is shown in Fig, 3. The higher soil water content near the
surface late in the season was due to late season rainfall (Fig. 2).

The hydraulic gradient in the 130-150cm depth increment are presented
in Fig. 4 for soybeans, corn, and grain sorghum. A negative gradient
indicates upward water movement and a positive gradient indicates downward
water movement. In the irrigated soybeans the hydraulic gradient did not
fluctuate greatly and remained near zero (although it was negative after
July 22). In nonirrigated soybeans, the gradient decreased to -18 during
August, Data were discontinued after August 19 because the limit of
tensiometer reliability had been reached (Perrier and Evans, 1961). 1In
the irrigated corn, similar hydraulic gradients were obtained as in irri-
gated soybeans. In nonirrigated corn the gradients decreased to approxi-
mately -2 and remained there until late in the sedson. The hydraulic
gradient droppéd to approximately -1 in irrigated grain sorghum between
July 17 and August 16, The grain sorghum received 3 irrigations in a

relatively short time in late July and early August; the irrigation coupled
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with August rainfall (Fig. 2) restored the soil water and changed the
hydraulic gradient to a positive value after August 16. In the nonirri-
gated grain sorghum, tensiometer failure precluded the taking of data

after July 26.

Top Growth Parameters:

Comparison of top growth parameters (averages for the three replica-
tions) between irrigated and nonirrigated crops is presented in Table 2.
It was of general interest to compare visible above-ground parameters
between treatments. In soybeans the irrigated plants were about 32cm
taller, more branched, had slightly higher number of nodes/plant, higher
leaf area index (LAI), and higher number of pods/plant than the nonirri-
gated plants. The grain yield in the irrigated soybeans was 2661kg/ha
compared to 2396kg/ha in the nonirrigated which was not significant at
5% level of probability.

The irrigated corn plots, again, exceeded the nonirrigated plots in
height and LAI, but, the number of nodes/plant was about the same (13
nodes/plant). Irrigated corn height was about 39cm above the nonirrigated.
Grain yield in the irrigated corn was 9178kg/ha compared to 2882kg/ha for
nonirrigated. This 3 fold difference was significant at the 5% level of
probability.

Irrigated grain sorghum had slightly higher values in LAI than the
nonirrigated sorghum. The irrigated plants were about 8cm taller than the
nonirrigated plants. The differences were slight because of the inherent
nature of the sorghum material to continue development when water was

évailable (August rains). Grain yield in the irrigated sorghum
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Table 2, Descriptive above ground plant parameters measured under irri-
gated and nonirrigated conditions for soybeans, corn and grain

sorghum.
Irrigated Nonirrigated
Growth Plant = =
stage parameter X 5 X S
Soybeans
R10
9/5/74 Height (cm) 113.9 1543 81.6 1.9
" Pods/pl. 44.6 2.6 35.2 5.5
¥ Nodes/pl. 30.0 4.8 25.5 2.6
" Branch/pl. 2.1 .6 1.0 A
LAI (max.) 3.3 2.9
Bean yield (kg/ha) 2661 187 2396 103
Corn
Stage 10
9/3/74 Height (cm) 222.4 3.0 183.3 8.6
" Nodes/pl. 13.3 5 13.5 b
LAI (max.) b.b 3.3
Seed yield (kg/ha) 9178 431 2882 1380
Grain sorghum
Stage 10
9/3/74 Height (cm) 98.9 4.4 91.1 2.5
# Nodes/pl. 3.1 «3 13.6 .9
7/26/74 LAI (max.) 5.3 5.0

Grain yield (kg/ha) 6837 297 6795 341
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was 6837kg/ha compared to 6795kg/ha in the nonirrigated which was not
significant at 5% probability level,

Soybeans and grain sorghum have the tendency to resist unfavorable
weather conditions and low available soil water, The resistance of soy-
beans to drought is due to the plant's ability to develop thicker cuticles
in the leaf, deposit hemicellulose in the old cells thereby decreasing
water need, and develop a large root system (Clement, 1937; Clark and
Levitt, 1956; Read and Bartlett, 1972). A resistance to drought is
apparently not as prominent in corn as in soybeans and grain sorghum. The
low rainfall period coincided with the tasseling and silking stages and
caused a severe yield reduction (6296kg/ha) in nonirrigated compared to

irrigated corm.
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Table I-C. Soybean pod and bean yield/562cm2 of soll surface.

Pods and beans (g) sample n=4
Nonirrigated Irrigated
Date X s X s
7/30/74 +39 « 37 .68 .21
8/12 3.20 3.01 5.03 1.53
8/19 11.01 4.79 18.15 1.77
8/27 20.81 5.91 33.78 4.30
9/14 32.81 5.67 44,97 11.42
Bean yield kg/ha n=2
2323 + 103 2528 = 145
2396~/ 2661/

*
—!Average bean yield (3 plots) from Dr. L.R. Stone's plots.

Table I-D. Soybean plant height and girth at the middle and base of stem
114 days after emergence (R9.5).

Irrigated Nonirrigated
Height Basal Middle Height Basal Middle
Date (cm) girth (cm) girth (cm) (cm) girth (em) girth (cm)
9/9/74 112.5 1.05 0.63 83.0 0.76 0.55
121.2 0.82 0.62 86.2  0.90 1 0.55
117.5  1.17 0.66 65.5 0.62 0.52
113.5 1.09 0.68 77.6 0.84 0.52
109.1 118 0.65 68.8 0.69 0.57
X 114.8 1.05 0.65 76.2 0.76 0.54

s 4.7 0.14 0.02 8.909 0.11 0.02
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Table I-E. Soybeans: maturity date, lodging factor, pods and bean, and
seed samples measured at R10.

Maturity Lodging Wt. of 100 Sample

Plot date factor seedling (g) wt. (g)
41 266 1.0 18.6 1009
40 274 1.8 18.1 1159
21 266 1.0 18.1 1049
20 272 1.8 16.8 1040

Table I-F. Irrigation water and schedule.

Date Stage Water (in.) Water (cm)
6/28 R4 4 | 10.0
7/17 R5.5 4 10.0
8/8 R7 3 7.5

Total 11 27.5
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APPENDIX II

Table II-Al. Soybean root DM from core samples 6.7cm in diameter taken at
Rg—Rg -5 .

Nonirrigated Irrigated

Depth (cm) R 1/4R 1/2R DM (g) Depth (cm) R 1/4R 1/2R DM (g)

Plot 2 Plot 4
0-30 1.29 .21 W11 l.61 0-30 1.86 .15 .05 2.06
30-60 .05 .03 14 .22 30-60 .04 .03 .08 .15
60-90 .09 .10 .03 i2d 60-90 .15 .13 .03 .31
90-120 .07 .08 .07 22 90-120 - .09 .05 .01 .15
120-150 .20 02 .00 .22 120-150 .10 .05 .01 .16
150-180 .12 .01 .00 .13 150-180 .01 .03 .00 .04
1.82 0.45 0.35 2,62 2.25 0.44 0,18 2,87

Plot 22 Plot 23
0-30 - 1.72 .27 .17 2.16 0-30 1.39 .07 .09 1.55
30-60 .05 .05 .06 .16 30-60 .22 .20 .04 46
60-90 .10 .09 .02 21 60-90 .11 .06 .03 .20
90-120 .04 .17 .08 .29 90-120 .09 .02 .01 12
120-150 .02 .02 .02 .06 120-150 .03 .00 .02 .05
150-180 .00 .01 .00 ,01 150-180 .00 .00 .00 .00
1,93 .61 .35 2,89 1.84 .35 .19 2,38

Plot 38 Plot 39
0-30 1.35 .07 .14 1.56 0-30 1.67 .40 .02 2,09
30-60 .10 .02 .01 .13 30-60 .10 .09 01 .20
60-90 .23 .07 .04 34 60-90 .20 .06 .02 28
90-120 .11 .02 .07 .20 90-120 .03 .02 .03 .08
120-150 .01 .04 .03 .08 120-150 .04 .03 .00 .07
150-180 .08 .01 .00 .09 150-180 .00 .01 .00 .01

1.88 .23 .29 2.40 2,04 .61 .08 2.73
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Table II-A2. Corn root DM from core samples 6.7cm in diameter taken at
stages 9-10.
Nonirrigated Irrigated
Depth (cm) R 1/4rR 1/2R DM (g) Depth (cm) R 1/4R 1/2R DM (g)
Plot 6 Plot 7
0-30 147 l06 107 .60 0-30 185 -ll 015 1011
30-60 .07 13 sl5 .35 30-60 .05 .06 .23 .34
60-90 14 01 .05 .20 60-90 .03 .09 17 .29
90-120 A5 .11 .08 .34 90-120 .01 .08 .10 .19
120-150 .01 .02 .00 .03 120-150 .00 .00 .01 .01
150-180 .00 .00 .01 .01 150-180 .01 .00 .00 .01
« 84 .33 .36 1.53 .95 .34 .66 1.95
Plot 16 Plot 26
0-30 21 .17 .05 .43 0-30 1.24 .07 .02 1.33
30-60 06 .09 .05 .20 30-60 .22 .04 .06 .32
60-90 .08 .06 .05 .19 60-90 .19 .05 .05 .29
90-120 .06 .03 .09 .18 90-120 .10 .02 .02 14
120-150 .06 01 .01 .08 120-150 .01 .00 .00 .01
150-180 .01 .00 .00 .01 150-180 .00 .00 .00 .00
48 .36 .25 1.09 1.76 .18 .15 2.09
Plot 46 Plot 36

0-30 .39 «19 .04 .62 0-30 1.13 .06 03 1.22
30-60 .05 .04 .07 .16 30-60 .19 .03 .02 24
60-90 03 .11 .12 .26 60-90 .03 .05 .01 .09
90~-120 06 .26 .19 a1 ~90-120 04 .04 .02 .10
120-150 .02 .04 .03 .09 120-150 .01 .01 .005 .03
150-180 .00 .00 .00 .00 150-180 .00 .00 .00 .00
.55 .64 S 2,22 1.40 .19 .09 1.68
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Table II-A3. Grain sorghum root DM from core samples 6.7cm in diameter at
stages 9-10.

Nonirrigated Irrigated

Depth (cm) R 1/4R 1/2R DM (g) Depth (cm) R 1/4R 1/2R DM (g)

Plot 28 Plot 13
0-30 1.74 .12 .13  1.99 - 0-30 2.96 A4 .10 3.20
30-60 .03 .04 04 .11 30-60 .12 o i) .08 .32
60-90 .01 .03 .03 .07 60-90 .06 .06 .09 .21
90-120 .02 .10 .02 .14 90-120 .01 04 .05 .10
120-150 .02 .03 .02 .07 120-150 .04 01 .01 .06
150-180 .01 .01 .01 .03 150-180 .00 .00 .00 .00
1.83 .33 25 2,41 3.19 .37 .33 3.89

Plot 48 Plot 31
0-30 3.07 .05 .07 3.19 0-30 4,47 .11 .07 4,65
30-60 .03 .09 .06 .18 30-60 .03 .03 .09 .15
60-90 .07 .10 .10 .27 60-90 .03 .06 .09 .18
90-120 .02 .01 .01 .04 90-120 .01 .04 .03 .08
120-150 .01 .02 .00 .03 120-150 .01 .01 .01 .03
150-180 .00 .01 .00 .01 150-180 .01 .01 ., 00 .02
3,20 .28 24 3.72 4.56 .26 .29 5,11

Plot 50 Plot 49
0-30 1.27 .10 +23  1.60 0-30 2.71 .16 07 2,94
30-60 .06 .09 .07 .22 30-60 .03 .08 .07 .18
60-90 .09 06 .02 .17 60-90 .03 .06 .06 .15
90-120 .16 .06 04 + 26 90-120 .01 .02 .07 .10
120-150 04 .03 .04 .11 120-150 .03 .05 .04 .12
150-180 .02 .05 .02 09 150-180 ,02 .04 .01 07

T er 39 42 2.45 783 41 .32  3.56
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Table II-Bl. Soybean plént parameters taken at physiological maturity

(R10).
Irrigated Nonirrigated
Plant Plant No. No. No. Plant No. No. No.
no. ht. (cm) pods nodes branch ht. (cm) pods mnodes branch
Plot 4 Plot 2
1 119 54 22 0 87 34 25 1
2 152 29 21 2 82 36 25 1
3 117 46 24 2 81 31 26 2
4 133 54 26 6 73 14 17 0
5 133 50 25 3 81 35 24 1
6 129 52 29 7 77 37 33 2
7 138 14 20 0 77 32 26 1
8 132 71 29 3 81 35 24 2
9 142 70 27 5 72 21 20 0
10 118 19 21 0 82 46 33 1
X 131.3 45.9 24,4 2.8 79.3. 32.1 25.3 1.1
Plot 23 Plot 22
1 113 33 22 0 97 39 23 1
2 110 55 48 3 97 45 31 1
3 90 33 27 1 76 32 22 1
4 111 61 40 3 90 40 26 1
5 96 28 22 0 75 43 37 3
6 98 61 42 3 86 31 21 0
7 96 32 30 2 74 44 29 1
8 109 42 32 1 74 73 45 2
9 92 21 19 0 78 38 25 1
10 100 50 43 3 80 30 23 2
X 101.5 41.6  32.5 1.6 82,5 41.5 28.2 1.3
Plot 39 Plot 38
1 116 47 30 2 97 31 20 0
2 102 30 22 0 93 31 19 0
3 99 29 22 0 69 12 14 0
4 108 48 33 2 80 27 19 0
5 95 84 77 7 96 35 26 1
6 114 43 23 0 90 33 21 0
7 106 26 20 0 69 22 20 1
8 114 41 25 1 80 27 23 1
9 110 75 54 6 68 35 28 1
10 124 45 24 1 86 66 41 2
X 108.8 46.3  33.0 1.9 82.8 31.9 23,1 0.6
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Table II-B2. Corn plant parameters taken at physiological maturity

(stage 10).
Irrigated Nonirrigated
Ht. to Ht. to last Ht. to Ht. to last
Plant tassel node No. Plant tassell node No.
no. (cm) (cm) nodes no. {cm) (cm) nodes
Plot 7 Plot 6
1l 237 205 14 1 194 162 13
2 207 180 13 2 199 168 15
3 242 215 14 3 193 162 13
4 242 197 13 4 186 153 13
5 220 186 14 5 193 167 14
6 215 180 14 6 192 163 14
7 223 190 14 7 154 131 13
8 221 178 12 8 211 168 14
9 237 205 14 9 209 166 14
10 200 160 12 10 196 165 13
X 224.4 189.6 13.4 X 192.7 160.5 13.6
Plot 26 Plot 16
1 212 169 12 1 175 136 13
2 214 177 13 2 158 123 14
3 219 176 11 3 207 165 14
4 206 178 12 4 190 147 13
5 208 166 13 5 168 153 13
6 221 180 14 6 192 152 13
7 232 191 13 7 165 133 15
8 214 178 14 8 185 148 15
9 223 183 13 9 134 98 14
10 245 200 13 10 208 172 14
X 21.9 179.8 12,8 X 181.2 142.7 13.8
Plot 36 Plot 46
1 222 176 12 1 203 159 14
2 224 - 192 14 2 194 154 15
3 224 196 14 3 165 135 14
4 231 185 13 4 174 138 13
5 231 191 13 5 186 155 13
6 243 214 16 6 189 149 13
7 235 206 14 7 152 117 10
8 221 177 13 8 171 132 12
9 223 190 14 9 177 140 14
10 185 147 14 10 148 116 12
X 223.9 187.4 13.7 X 175.9 116.0 13.0
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Table II-B3. Grain sorghum plant parameters taken at physiological
maturity (stage 10).

Irrigated Nonirrigated
He. Ht. to Ht. Ht. to
Plant to top canopy No. Plant to top canopy No.
no. (cm) (cm) nodes no. (cm) (em) nodes
Plot 13 Plot 28
1 101 69 12 1 92 67 13
2 95 56 12 2 97 69 15
3 a5 65 13 3 93 69 14
4 108 66 13 4 85 66 15
5 88 62 13 5 g0 67 14
6 92 62 15 6 93 74 13
7 100 68 14 7 89 66 15
8 121 58 13 8 99 67 14
9 99 67 12 9 96 72 14
10 94 65 14 10 106 72 13
X 99.3 63.5 13.1 X 94.0 68.9 14
Plot 31 Plot 48
1 107 78 14 L 88 _ 64 12
2 86 61 13 2 93 68 12
3 114 79 12 3 78 65 12
4 114 76 10 4 72 54 11
5 104 73 14 5 99 68 13
6 120 87 13 6 83 63 13
7 96 74 14 7 91 59 13
8 98 67 14 8 96 66 14
9 100 76 13 9 98 71 12
10 92 65 11 10 %98 65 14
X 103.1 73.6 12 .8 X 89.6 64.3 12.6
Plot 49 Plot 50
1 B4 61 12 1 89 69 13
2 90 62 13 2 30 57 15
3 98 71 15 3 92 63 14
4 98- 70 14 4 87 70 15
5 84 57 14 5 86 60 14
6 96 70 13 6 88 69 14
7 107 71 13 7 79 62 14
8 100 73 14 8 90 69 15
: 9 94 67 14 9 96 71 13
10 92 66 1.3 10 102 73 16
X 94.3 66.8 13.5 X 89.8  66.3 14.3
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Irrigation schedule for soybeans, corn, and grain sorghum.

Crop

Date irrigated

Water (cm)

Plot size

Soybeans
Corn

Grain
sorghum

6/28, 7/22, 8/9
113 1111 1131

7/22, 7/31, 8/9

10.0/application
10.0/application

10.0/application

10 30-in. row x 40 ft.
10 30-in. row x 40 ft.

10 30-in. row x 40 ft.
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Table Gen-1l. Soybeans physiological stages of development (Hanway and

Thompson, 1971).

1974

Stage no. Description Month Day
Planting May 13

Emergence 20

vo Unifoliate leaves emergence 24
vVl Develop 1lst trifoliate leaves 31
V2 Four nodes June 14
V3 Six nodes 21
Ré4 Beginning bloom 25
R5 Full bloom July 1
R5.5 Beginning of pod development 22
R6 Rapid pod growth 30
R7 Beans beginning to develop Aug. 8
R8 Beans beginning fo develop at top 4 nodes 14
R9 Beans full size 19
R10 Physiological maturity Sept. ' 14
R11 Harvest maturity 19




Table Gen-2. Corn physiological stages of development (Hanway, 1966) .

110

1974
Stage no. Description Month Day
Planting May 13
0 All emerged that will due to crust 20
(approximately 2/3 May 13 planting)
0.5 2 leaves fully emerged 24
1 4 leaves fully emerged 31
1.5 6 leaves fully emerged June 9
2 8 leaves fully emerged 16
2.5 10 leaves fully emerged 21
3 12 leaves fully emerged 27
3.5 14 leaves fully emerged July 5
& 16 leaves fully emerged 10
5 Silks emerging 17
6 Blister stage 31
7 Dough stage Aug. 12
8 Beginning dent stage 23
9 All kernels fully developed Sept. 1
10 Physiological maturity 9
Harvest maturity 26




Table Gen-3.

111

Grain sorghum physiological stages of development (Vanderlip,

1972).
1974

Stage no. Description Month Day
Planting May 21
0 Emergence 29
1 3-lecaf stage June 6
2 5-leaf stage 14
3 Growing point differentiation 24
4 Flag leaf visible July 8
5 Boot stage 21
6 Half-bloom 30
7 Soft-dough Aug. 10
8 Hard-dough 23
9 Physiological maturity Sept. 5
Harvest maturity 11
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Table Gen-4. Rainfall at Ashland Agronomy Farm, 1974.

Date Inches Cm Date Inches Cm
3/11 .61 1.55 8/7 .03 .08
4/3 <25 .65 8/8 .34 .86
4/11 .20 +51 8/11 .10 29
4/20 2.20 5.59 8/14 .43 1.09
4/29 71 1.80 8/16 .39 .98
4/30 +65 1.65 8/17 1.40 3.56
5/9 .32 .81 8/22 «12 .30
5/10 44 1,12 8/24 .02 .05
5/11 .18 .46 8/31 1.50 3.81
5/14 592 1.32 9/2 «35 1.40
5/18 12 .30 9/6 .05 .13
5/23 43 1.09 9/15 .20 51
5/25 33 1,35 10/6 1.05 2,67
6/6 .96 2,44 10/11 Trace

6/7 1.20 3.05 10/22 T2 1.83
6/8 1.65 4.19 10/25 W42 1.07
6/11 .54 1,37 10/28 46 1.17
6/13 .38 .96 10/29 .30 .76
7/3 .38 .96 10/31 1.30 3.30
7/25 1.10 2,79 10/31 .28 71
7/31 .01 .02 11/2 .03 .08
8/5 .22 .56 11/3 <24 .61

+52 L1q32

8/6
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Relative growth rate of soybean [Glycine max (L.), cv. 'Williams']
tops and roots was measured in relation to physiological stage under irri-
gated and nonirrigated conditions to investigate the relationship between
the two (tops and roots). This relationship would aid in estimating the
timing and amount of water required for irrigation of the crop in a barrier
free soil. Observation of root depth and dry matter accumulation were
made from soil monoliths 75cm wide, 7.5cm thick, and 180cm deep (parti-
tioned into 15cm increments). Roots were washed using 35 mesh screen and
oven dried at 100C. Soil water measurements were made using neutron
moderation and gravimetric sampling. Soybean roots reached 160cm depth in
both treatments, but the irrigated soybeans grew down slightly faster than
the nonirrigated during the drought in June and July. Dry matter of the
irrigated tops accumulated faster than the nonirrigated soybean tops.
Approximately 89% of the root dry matter was concentrated in the upper
0-15cm of the irrigated soybeans at the early vegetative stage (V0-v3)
compared with 85% in the nonirrigated. At physiological maturity (R10),
67% of the root dry matter was in the 0-15cm, 89% in the 0-90cm, and 997 in
the 0-150cm increment for the irrigated soybeans compared with 51% of root
dry matter in the upper 0-15cm, 83% in the 0-90cm, and 99Z% in the 0-150cm
increment for the nonirrigated soybeans. Coefficient of determination
(Rz) values for the‘relation between plant height and root depth were
0.994 and 0.987 for irrigated and nonirrigated soybeans, respectively.

Root distribution in relation to water depletion, available soll water,
and hydraulic gradient was inVestigéted under irrigated and nonirrigated
conditions for soybeans, corn, and grain sorghum. The irrigated plots
received 30cm.of water in 3 applications under furrow irrigation using

gated pipes. Soil cores 6.7cm in diameter were taken in-row, 1/4 row



and 1/2 row for each crop at maturity. In all crops and treatments
studied, root dry matter was measured at 150-180cm depth increment except
for irrigated corn. Total root dry weight measured was 2.66g, 1.91g, and
4.19g in irrigated; 2.64g, 1.42g, and 2.86g in nonirrigated soybeans, corn,
and grain sorghum, respectively. Seed yield differences between treatments
were significant only in corn at the 5% probability level.

In the irrigated crops, approximately 71%, 64% and 86% of the root dry
matter was in the upper 0-30cm for soybeans, corn, and grain sorghum,
respectively. Seasonal water use was 60.7cm, 62.9cm and 49.6cm by soy-
beans, corn, and grain sorghum, respectively. Hydraulic gradients in the
130-150cm layer during the season were between 0 and -1. In the nonirri-
gated crops, approximately 67%, 70%, and 79% of the root dry matter was in
the upper 0-30cm for soybeans, corn, and grain sorghum, respectively.
Seasonal water use was about 38cm for each crop. Hydraulic gradient
decreased to -18 during August in soybeans and decreased to -2 in corn and

remained there until late in the season.



