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ABSTRACT
The ability to measure plant water use directly

could address a myriad of problems in peanut
production from irrigation scheduling to aflatoxin
management. One of the most effective methods
of measuring plant water use is via the sap flow
method; however this technique has not been
tested in peanut in a field setting. In this study,
sap flow collars were installed on peanut plants
growing under overhead irrigation (OH), sub-
surface drip irrigation (SDI), and non-irrigated
(NI) production. Using this experimental set-up
the following objectives were addressed: 1) de-
termine if the technique of sap flow measurement
could be successfully utilized in peanut; 2) de-
termine if daily peanut stem water flow, biomass
partitioning, and carbon isotope discrimination
differed among irrigation treatments, and 3) deter-
mine what environmental parameters were most
closely correlated with peanut stem water flow.
Peanut stem water flow was successfully measured
during a two week period coinciding with active
pod fill. Mean daily flow rates ranged from 4–6 g/
hr in irrigated treatments and from 1–2 g/hr in the
dryland treatment. Significant differences among
irrigation treatments existed in daily water use
patterns, average daily water use, and cumulative
daily water use based on plant sap flow. Soil
moisture, soil temperature, and canopy surface
temperature were significantly correlated with
plant sap flow. Significant differences also existed
among irrigation treatments in plant size with SDI
plants having more leaf mass, longer internodes,
and overall larger canopies than either the OH or
NI plants. Even though SDI plants had much
greater aboveground biomass than plants in the
other treatments, yields did not differ between
irrigation methods indicating SDI plants may
have had lower water-use efficiencies than either
OH or NI plants. However, seasonal water-use
efficiency measurements represented by carbon
isotope discrimination results did not definitively
show this. This study has shown the efficacy of sap
flow measurement in peanut and the potential
applications of this technique in future irrigation
studies.
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One of the most effective methods of evaluating
plant water use is by measuring water flow through
the xylem of a plant. This technique, known as sap
or stem flow measurement, can continuously
monitor water flow without disturbing normal
plant functions (Senock et al., 1996), and has been
shown to give highly accurate measurements of
plant water use (Lascano et al., 1992, Devitt et al.,
1993, Dugas et al., 1993). Despite the use of sap
flow measurement in several different crops (Dugas
et al., 1994; Senock et al., 1996; Gordon et al.,
1999; Lascano, 2000; Lee et al., 2002; Li et al.,
2002; Lu et al., 2002), very few studies have directly
examined water flow in peanut. Erickson et al.
(1986) used the heat pulse method to measure
apparent sap flow velocities in peanut genotypes
but this was done in a greenhouse for very limited
time periods (1100 to 1300 hour apparent solar
time).

The quantification of stem water flow could
provide very critical information towards solving
a wide variety of problems in peanut production.
These include: quantifying the effects of insect
damage to plant function; determining how
changes in peanut water use may affect pre-harvest
aflatoxin production; or evaluating the efficacy of
irrigation scheduling or irrigation methods in
peanut production. To determine the actual differ-
ences in plant water-use among irrigation methods
for peanut, it is important to quantify plant water
use on a daily basis and under typical field
conditions. Sap flow measurements provide
a means to accomplish this. However, the lack of
verification of this technique in peanut remains
a barrier to the utilization of this technology.

Maintaining efficiency in irrigation remains
a major problem in almost every U.S. peanut
producing region. Irrigated peanut acreage com-
prises over 50% of all peanut production in the
U.S. and can increase yields by up to 19% over
non-irrigated production (Lamb et al., 1997). But
in utilizing irrigation, it is important to maximize
agronomic water-use efficiency while maintaining
optimum production. The primary method of
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irrigation in peanut production is overhead sprin-
kler irrigation (OH) (Anon., 1996). An alternative
irrigation method that promises to provide greater
agronomic water-use efficiency over typical center
pivot or lateral sprinkler systems is subsurface drip
irrigation (SDI) (Phene et al., 1992; Sorensen et al.,
2001; Assouline et al., 2002). However, despite the
purported benefits of SDI over OH irrigation, few
studies have quantified the actual differences in
plant water use between the two systems.

For this study, peanut sap flow measurements
were taken to evaluate the efficacy of the technique
under field conditions and to determine if the
technique could detect differences in plant water
use between irrigation methods. In addition, if
differences in peanut water use existed, crop
biomass production and carbon isotope discrimi-
nation were measured to determine the differences
in water allocation strategies between plants in
different irrigation schemes. The specific objectives
of this research were to: 1) determine if the
technique of sap flow measurement could be
successfully utilized in peanut; 2) determine if daily
peanut stem water flow, biomass partitioning, and
carbon isotope discrimination differed among
irrigation treatments, and 3) determine what
environmental parameters were most closely cor-
related with peanut stem water flow.

Materials and Methods
Field Conditions. The experiment was con-

ducted during the 2001 crop year at the USDA-
ARS Multi-crop Research Farm in Shellman,
Georgia. The soil was a Greenville fine sandy loam
(fine, kaolinitic, thermic Rhodic Kandiudults) with
0–2% slope. Conventional tillage practices were
followed and included: disking, subsoiling, mold-
board plowing, field cultivating, rototilling, and
planting. Three side by side experimental fields
were established at this research farm, one ca.
146 m 3 329 m with overhead (OH) irrigation
treatments, one ca. 98 m 3 329 m with subsurface
drip irrigation (SDI) treatments, and one ca. 49 m
3 329 m, located between the overhead and
subsurface drip fields serving as the non-irrigated
(NI) treatment. Each field was divided into 16.5 m
3 36.6 m plots containing 18 cropping rows and 2
border rows each containing crop rotations and
replications.

The lateral overhead irrigation system contained
three equal length spans with approximately 13
nozzles each. To apply differential levels of water
to each treatment plot, different sized sprinkler
heads were placed on each drop nozzle within

a span, such that one span applied a full rate of
desired irrigation (100%), and the second span
applied 66% of this amount. Overhead sprinkler
irrigation amount and timing were determined by
the Irrigator Pro expert system (Lamb et al., 1993;
Davidson et al., 1998) based on soil temperature
measurements collected in the 100% treatment.
Time between irrigation events was typically three
to four days during the most active crop growth
period of the season.

The SDI system consisted of drip tube laterals
spaced 0.91 m apart underneath each crop row at
a depth of 0.25–0.3 m. The drip tubing (Neta-
fimTM, Tel Aviv, Israel) was 0.38 mm thick (15 mil)
with emitters spaced at 45 cm and a flow rate of
1.48 liters hour21 emitter21 for the 100% treat-
ment, and 0.91 liters hour21 emitter21 for the 62%
treatment. An on-site weather station collected
meteorological data and estimated potential evapo-
transpiration (ETo) using the modified Jensen-
Haise equation corrected for local conditions.
Irrigations were scheduled daily with plant evapo-
rated water being replaced using crop coefficients
(Harrison and Tyson, 1993). Estimated ETo was
multiplied by the crop coefficient and rainfall was
subtracted to estimate actual evapotranspiration
(ETa). If rainfall was greater than ETa no irrigation
was applied.

The Georgia Green peanut cultivar was planted
in OH, SDI, and NI plots on 24 May 2001 in twin
rows spaced 0.18 m apart using a Monosem 8812
twin row vacuum planter (ATI Inc., Lexena, KS).
Eight seeds ft21 (26.2 seeds m21) were planted in
twin rows centered at 0.91 m. Approximately 60
days after planting, sensors and associated data-
loggers were installed in the fields to measure sap
flow, soil moisture, canopy surface temperature,
and soil temperature. On 5 October 2001 all
treatments were mechanically harvested and sam-
ples were collected for measurements of yield and
grade.

Sap Flow Measurements. Two Flow32 Sap
Flow Systems (Dynamax, Inc.) with a total of 16
Microsensors (SGA5) were installed to measure sap
flow. Because of the limitation of cable length with
the sap flow system, only one 16.5 m 3 36.6 m plot
of each irrigation type (100% OH, 66% OH, 100%
SDI, 62% SDI, and NI) could be measured. Sap
flow gauges were installed on peanut stems 11
September 2001 at a phenological stage of high
physiological activity and active pod filling (Ke-
tring et al., 1982) and where stems had reached
maximum size to facilitate installation of the
gauges. Sap flow gauges were installed on random-
ly located plants within each irrigation treatment
with one gauge per plant for a total of: four gauges
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in the 100% OH plot, four gauges in the 66% OH
plot, three in the NI plot, two in the 62% SDI plot,
and three in the 100% SDI plot. Gauges were
installed on peanut main stems, standardizing the
position at approximately 10–15 cm above the
ground and where stem internodes were long
enough to permit a gauge. Stem diameters of the
internodes on which the gauges were placed ranged
from 0.3 to 0.5 cm. On 25 September 2001, all
gauges were removed and reinstalled on different
plants. The stem diameters of the internodes where
gauges were placed ranged from 0.3 to 0.45 cm and
the number of leaves ranged from 5 to 9 above the
gauge (at time of installation). Sap water flow data
was collected at 15 minute intervals on a 24 hour
basis. During the period between 15 September–29
September 2001 (258–272 day of year), the most
consistent daily data was collected from the
majority of the gauges. However, usable data was
only available for a single gauge in the 62% SDI
treatment and is not reported. For consistency
among measurements, data from two gauges in the
100% OH, two gauges in the 100% SDI, and three
gauges in the NI treatments were used for water use
comparisons.

Environmental and Canopy Monitoring. Envi-
ronmental sensors and associated dataloggers were
installed (simultaneous to sap flow gauge installa-
tion) to record leaf and soil temperatures and soil
moisture on an hourly basis. In the same row and
within 60 cm of each plant with a sap flow gauge,
hourly data was recorded measuring: 1) canopy
surface leaf temperature using infrared thermo-
meters (model IRt/c.2, Exergen, Watertown, MA);
2) soil moisture (ECH2O, Dielectric Aquamater,
Decagon Devices, Inc., Pullman, WA) at two
ranges: shallow (5–25 cm) and deep (30–50 cm);
and 3) soil temperature at 5 cm depth using
thermocouples.

Carbon Isotope Analysis. In order to determine
seasonal plant water-use efficiency (WUE), peanut
leaf tissue was collected from 6 plants (one leaf
each) located near sap flow gauges within each
irrigation treatment approximately 90 days after
planting on 24 August 2001 and used to measure
carbon isotope discrimination. This sampling date
corresponds with the phenological period associat-
ed with the highest rubisco levels and, concomi-
tantly, the highest photosynthetic levels of the
season. Differences in photosynthesis (and there-
fore WUE) due to irrigation would be most evident
at this time period (Nageswara Rao and Wright,
1994; Nageswara Rao et al., 1995). Tissue collec-
tion was standardized to second nodal apex leaves
with minimal or no insect or disease damage.
Standardizing to the second nodal leaf position has

been shown to maximize the relationship between
chlorophyll content and specific leaf area (Nages-
wara Rao et al. 2001). Tetrafoliate leaves were
excised and chlorophyll content was measured on
these leaves in the field using the Minolta SPAD
chlorophyll meter (Minolta Corp., Ramsey, N.J.).
The SPAD chlorophyll meter measures plant tissue
absorbance of wavelengths in the visible spectrum
and serves as a measure of the relative internal
concentration of chlorophylls a and b. One SPAD
chlorophyll reading was taken on each of the four
leaflets, avoiding the midrib, and then averaged for
one chlorophyll reading per plant to correct for
possible non-homogeneous distribution of chloro-
phyll throughout the leaf (Monje and Bugbee
1992). Tetrafoliate leaves were then placed on ice
and refrigerated at 4 C until further analysis.

In the laboratory, the field collected leaves were
hydrated in distilled water for at least three hours
prior to leaf area measurements. Four leaflets were
removed from each petiole and their areas mea-
sured with an LI-3000A leaf area meter (LI-COR
Inc., Lincoln, NE), and summed to give total leaf
area. Leaflets were then oven dried at 60 C for
72 hours and weighed. Specific leaf area (SLA) was
calculated as the ratio of leaf area to leaf dry
weight. Leaflets were then fine ground using
a Braun H (model KSM2) coffee grinder and
analyzed for carbon isotope discrimination ratio
(d13C).

The isotopic discrimination in the peanut leaf
samples was analyzed for d13C at the University of
Arkansas Stable Isotope Laboratory. Samples
of the ground leaves (2 mg, +/2 0.2 mg) were
weighed, sealed in capsules and, along with
standards, loaded into an elemental analyzer
autosampler (a ‘‘Zero Blank’’ autosampler from
Costech Analytical Technologies in Valencia, CA).
Samples and standards were then combusted in the
elemental analyzer (Carlo Erba NC2500 elemental
analyzer coupled with a Thermoquest Finnigan
Delta plus isotope ratio mass spectrometer). Lab
standards, which were calibrated against interna-
tionally distributed isotope standards, were ana-
lyzed at regular intervals throughout the sample
runs. The resulting N2 and CO2 gases (along with
isotopic reference gases for N2 and CO2) were
admitted to the mass spectrometer via Finnigan’s
Conflo II interface. Data were collected and
processed by Finnigan’s Isodat software. Sample
results were based on one analysis per sample
(d15N, d13C, %N and %C were all determined with
the same analysis). Isotope results were reported
in delta notation vs. air (for nitrogen) and vs.
PDB (for carbon) in permil. Stable carbon iso-
tope composition was expressed as d13C, where
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d13C (%) 5 [(R sample/R standard)21] 3 1000,
and R is the 13C/12C ratio.

Biomass Measurements. Samples of both apex
stem tissue and whole plants were collected from
the same plots containing the sap flow gauges and
measured for leaf and stem partitioning. When sap
flow collars were changed on 25 September 2001
and removed for the final harvest on 3 October
2001, those stems with attached gauges were
collected from all irrigation treatments and divided
into leaves and internodes. Leaves were then
hydrated and leaf area measured as with the
isotope samples. Internode length was measured
to the nearest mm, and leaf and internode tissue
dry mass determined. On 3 October 2001, four
whole plants in each irrigation treatment were
collected by cutting the aboveground portion of the
plant at the soil level. Whole-plant tissue was
separated into stems and leaves, and whole plant
leaf area, leaf dry mass, and stem dry mass were
measured. Specific leaf area was also calculated.
Yield in dry mass of pods (standardized to 7%
moisture) from each plot were recorded at harvest.

Leaf Area Index. Leaf area index (LAI) was
measured on 1 October 2001 with a Li-Cor LAI-
2000 Plant Canopy Analyzer. Measurements were
taken at six locations within each irrigation
treatment that contained sap flow gauges. At each
location and using a 90 degree angle cap, one
measurement was taken above the canopy and four
below the canopy. Two repetitions were used, one
with the wand pointed down the row and the other
with the wand pointed perpendicular to the row.

Statistics. Statistical analyses were performed
using SAS and SAS JMP (SAS, 1997). The general
linear models (GLM) procedure and analysis of
variance (ANOVA) were used to determine differ-
ences among irrigation treatments for: average
daily water use; cumulative water use over
a 24 hour period; biomass characteristics of apex
stems and total plants; leaf area index; and d13C,
SLA, and SPAD chlorophyll measurements on the
same leaf tissue. Apex internode dry mass was log
transformed to conform to the normality assump-
tions of ANOVA. Pearson correlations were used
to evaluate possible relationships of hourly sap
flow rates and environmental characteristics.

Results
Sap flow was successfully measured in peanut

during a two week period in all irrigation
treatments. Figure 1 illustrates the daily fluctua-
tions of water use measured in the three irrigation
treatments and their responses to irrigation and/or

Fig. 1. Daily sap flow of Georgia Green peanuts under full level of
irrigation in overhead (100% overhead irrigation) and subsurface
drip irrigation (100% subsurface drip), and in non-irrigated
treatments. Plots show sap flow (grams of water per hour) by day
for the period day 258 (15 Sept. 2001) through 272 (29 Sept. 2001).
Superimposed on sap flow are a single precipitation event and
numerous irrigation events for subsurface drip. No irrigation was
applied in the OH treatment during this time period.
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rainfall. Peanut water use characteristically peaked
during midday with no flow or very low levels of
water flow at night. Typical daily maximum flow
rates ranged from 4–6 g/hr in irrigated treatments
and from 1–2 g/hr in the NI treatment. Decreased
water use in response to rainfall was recorded in all

treatments during the day the water was received.
However, in SDI plots, water use apparently was
not dampened by the daily application of sub-
surface water (Fig. 1). The sap flow technique was
also able to record minute changes in peanut water
flow during the day presumably in response to
changing edaphic and climatic factors (Fig. 1).

Significant differences in peanut water use as
measured by sap flow gauges existed among NI,
SDI, and OH treatments. Statistical analysis of two
replications each in OH and SDI treatments and
three replications in the NI treatment showed
significant differences among irrigation treatments
in both average daily sap flow rate (df 5 2, F 5
32.66, P-value 5 ,0.0001; R-square 5 0.76) and
cumulative sap flow over a 24 hour period (df 5 2,
F 5 32.19, P-value 5 ,0.0001; R-square 5 0.76).
Plants in the SDI treatment had significantly higher
average sap flow rates and total water use during
a 24 hour period than plants in the OH or NI
treatments (Fig. 2).

Peanut sap flow was significantly correlated on
an hourly basis with most of the environmental
conditions measured across all irrigation treat-
ments: soil moisture, soil temperature, and infrared
canopy temperature (Table 1). However, it was not
possible to correlate sap flow with these environ-
mental parameters for the NI treatment due to
large gaps in the environmental data for this
treatment. When both 100% SDI and 100% OH
treatments were pooled, sap flow was significantly
positively correlated with: soil moisture at 30–
50 cm depth; the average of the shallow and deep
soil moisture; soil temperature at the five cm depth;
and infrared canopy temperature (Table 1). The
most significant relationship was found between
infrared canopy temperature and sap flow. Exam-
ining irrigation treatments individually revealed
that sap flow was significantly correlated with
shallow soil moisture, average soil moisture, soil

Fig. 2. Differences in mean peanut sap flow rate and 24 hour cumulative
sap flow among full irrigation levels of subsurface drip (100% SDI)
and overhead irrigation (100% OH), and non-irrigated (NI)
treatments. Letters denote significant differences among treatments.

Table 1. Pearson Correlation Coefficients and P-values between hourly sap flow and: soil moisture (SM) at two depths (top 5 5–25 cm,

deep 5 30–50 cm), the average of the soil moisture readings at these two depths, soil temperature at 5 cm depth, and mean leaf

canopy temperature. Correlations run for both irrigation treatments (100% subsurface drip, and 100% overhead) combined (pooled

irrigation treatments) and for individual irrigation treatments.

Correlation of Hourly Sap Flow AND: SM top SM deep Avg. SM Soil Temp. Canopy Temp.

5–25 cm 30–50 cm 5 cm

Within the following treatments:

Pooled Irrigation Treatments 0.040 0.105 0.065 20.065 0.766

NS 0.0016 0.0503 0.0495 ,0.0001

100% Subsurface drip Irrigation 20.310 0.060 20.102 0.321 0.866

,0.0001 NS 0.0313 ,0.0001 ,0.0001

100% Overhead 0.034 20.001 0.027 20.486 0.756

NS NS NS ,0.0001 ,0.0001
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temperature, and infrared canopy temperature in
the SDI treatment. In the OH treatment, sap flow
was not correlated with soil moisture at either
measured depth, but was significantly negatively
correlated with soil temperature and positively
correlated with infrared canopy temperature (Ta-
ble 1).

Differences in plant biomass among irrigation
treatments revealed that overall plant biomass was
greatest in the SDI treatments. There were signif-
icant differences among irrigation treatments for
apex stem biomass traits, whole plant leaf area and
biomass, and leaf area index (Table 2). On apex
stems, average leaf area and internode length were
significantly greater for both SDI levels than for
either level of OH treatment or for the NI treatment
(Fig. 3). Specific leaf area was significantly lower for
the 100% SDI treatment than for any other
treatment (Fig. 3), indicating that leaves in this
treatment were significantly thicker. Further, whole
plant biomass was generally larger in both levels of
the SDI treatments than either level of OH irrigation
or the NI treatment (Fig. 4). This included larger
total leaf area, total leaf weight and total internode
weight, with most comparisons showing significant
differences between SDI levels and OH or NI
treatments (Fig. 4). This increased aboveground
biomass was also evident in significantly larger leaf
area indices for both SDI levels than for either OH
level or the NI treatment (Fig. 5).

There were no significant differences in seasonal
water-use efficiency among irrigation treatments as
measured by carbon isotope discrimination at 90
days after planting, although trends were apparent
(Fig. 6). Carbon isotope discrimination indicated
that plants in both SDI levels tended to have lower

water-use efficiencies than either OH levels or the
NI treatment, but these differences were not
statistically significant. SPAD chlorophyll content
(measured on the same leaves that were analyzed
for isotope composition) did differ among irriga-
tion treatments with slightly lower chlorophyll
levels in the SDI treatments than in either OH or
NI treatments (Fig. 6).

Although there was increased water use and
increased aboveground biomass in the SDI vs. OH
treatments, there was no concomitant increase in
pod yield for SDI plants. Yields were not
significantly different between OH and SDI treat-
ments when compared across the three replications
within the whole field (data not shown). Yields
within the plots containing the sap flow collars
were: 2180 and 2210 kg for the 100% and 66% OH
respectively; 1997 and 2212 kg for the 100% and
62% SDI respectively; and 1441 kg for the NI
treatment.

Discussion
This study has demonstrated that sap flow

gauges can be used successfully to quantify stem
water flow in peanuts in a field production setting.
Historically, previous studies have had great
success in quantifying sap flow and the effects of
many environmental conditions and treatments on
water use in: trees (Hatton et al., 1995; Sorensen et
al., 1999); shrubs (Allen and Grime, 1995); range-
land plants (Dugas et al., 1992; Senock and Ham,
1995); and crops (Senock et al., 1996; Gordon et
al., 1999; Lee et al., 2002; Lu et al., 2002), including
corn (Li et al., 2002) and cotton (Dugas et al., 1994;
Lascano, 2000). However, only one previous study
has examined sap flow in peanuts under green-
house conditions (Erickson et al., 1986).

The results in this study indicate that peanut
plants in the SDI treatment used significantly more
water during the late season sampling period than
plants in either OH or NI treatments. This was
likely due to the larger plant size, as evidenced in
both leaf area and internode lengths, of the SDI
plants. Because there were no significant differ-
ences in yield among irrigated treatments, and
given the greater water use of SDI vs. OH plants,
the SDI plants in this study appeared to have lower
WUE than OH plants. However, this may not be
due to the technique of SDI per se but in the
management system used in this study to schedule
irrigation.

The current irrigation scheduling systems used
in both the OH and SDI treatments were based
on principles defined as deficit irrigation. Deficit

Table 2. Analysis of variance results illustrating significant

differences in plant biomass among irrigation treatments

(100% subsurface drip, 62% subsurface drip, 100%

overhead, 66% overhead, and non-irrigated). Traits include

those measured on the apex stem of a plant: leaf area, leaf

dry mass, specific leaf area, internode length, and internode

dry mass. Similar traits were measured on whole plants: total

plant leaf area, leaf dry mass, and internode dry mass. Leaf

area index was also measured.

Measured Trait df F-value P-value

Apex Leaf Area 4 34.35 ,0.0001

Apex Dry Leaf Mass 4 41.42 ,0.0001

Specific Leaf Area 4 5.71 0.0002

Internode Length 4 23.51 ,0.0001

Internode Dry Mass 4 15.69 ,0.0001

Whole Plant Leaf Area 5 7.98 0.0004

Whole Plant Dry Leaf Mass 5 7.97 0.0004

Whole Plant Internode Dry Mass 5 4.96 0.0050

Leaf Area Index 4 54.59 ,0.0001
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irrigation is also known as the engineering ap-
proach and involves irrigating at a level below what
the crop demands. Such deficits are generally
determined by taking reference evapotranspiration
(ETo) and multiplying it by a crop coefficient
(Allen et al., 1998; Lascano, 2000). In this study,
this was done directly in the SDI treatment using
a modified Jensen-Haise equation and indirectly in
the OH treatment using soil temperatures and
equations that relate crop coefficients to irrigation

required in the Irrigator Pro program. For cotton
grown on the Texas High Plains, the engineering
approach was found to inadequately describe the
daily ET of the crop and was less sensitive to
the dynamic nature of soil evaporation (Lascano,
2000). In the current study, it appears that the
engineering approach also failed to describe the
actual water use of peanuts but in the direction
of overestimating crop evapotranspiration. Conse-
quently, both irrigation treatments received more
water than was needed, especially in the SDI
plants. The overestimation of deficits may have
been due primarily to outdated crop coefficients

Fig. 3. Differences in peanut apex stem biomass traits among: full and
partial levels of overhead irrigation (100% OH, 66% OH); full and
partial levels of subsurface drip irrigation (100% SDI and 62% SDI);
and non-irrigated (NI) treatments. Traits include leaf area, internode
length, and specific leaf area (area/mass). Letters denote significant
differences among treatments within a trait.

Fig. 4. Differences in peanut total plant biomass traits among: full and
partial levels of overhead irrigation (100% OH, 66% OH); full and
partial levels of subsurface drip irrigation (100% SDI and 62% SDI);
and non-irrigated (NI) treatments. Traits include total plant leaf
area, total plant leaf weight, and total plant internode weight.
Letters denote significant differences among treatments within
a trait.

WATER FLOW IN PEANUT UNDER VARYING METHODS 87



which were developed for varieties no longer grown
in peanut production (Stansell et al., 1976).

Sap flow in peanuts was significantly correlated
with several environmental parameters. Such sig-
nificant correlations are extremely important for
possible applications in irrigation scheduling and
crop stress monitoring. Soil temperature and
peanut canopy temperature are more easily mea-
sured than sap flow, and are often assumed to be
indicative of plant available water. Nevertheless,
validation of such assumptions are rarely con-
firmed by direct measurements of plant water use
(e.g., Fortin and Moon, 1999; Hochman et al.,
2001; Morgan et al., 2003). However, validations
are essential before assuming that soil or externally
measured plant traits correspond with plant water
use. This study has directly correlated actual
peanut sap water flow with two soil parameters
(moisture, temperature) and with peanut canopy
temperature and has illustrated that some traits are
better than others as predictive tools for plant
water use or drought stress.

The most significant correlations of peanut sap
flow were with canopy temperature regardless of
irrigation treatment. This is not surprising because
leaf or canopy temperature has been used as an
indicator of plant water stress under many envir-
onments for years (Tanner, 1963; Idso et al. 1981;
Jackson et al., 1981; Jones 1999). The significant
correlation of sap flow with soil temperature
provides supportive evidence for the use of
Irrigator Pro, an irrigation scheduling program
used extensively in peanut production, which relies
primarily on soil temperature as a trigger for
irrigation (Lamb et al., 1993; Davidson, et al.

1998). It was surprising that soil moisture was not
a good indicator of plant water status in the OH
treatment during this experiment. Surface applica-
tion interface may have been a factor, i.e. a wet
surface soil in the OH treatment did not necessarily
reflect lower moisture levels of deeper soil layers
which may have impeded plant water use. Howev-
er, surface soil moisture was a good indicator of
peanut sap flow in the SDI treatment, and is more
likely to indicate soil moisture status as a whole in
this treatment since water was applied below the
surface and would reach deeper soil depths quickly.

The differences in plant biomass among irriga-
tion treatments indicate that the additional water
flow measured in peanut stems in the SDI
treatment may be allocated more to aboveground
plant biomass than final yield. Plants in the SDI
treatment were larger and had more leaf mass,
longer internodes, and overall larger canopies than
either the OH or NI plants (Figs. 3, 4, 5).
Interestingly, for all biomass traits, NI plants were
very similar in size and biomass to the OH
treatment plants (Fig. 4). This may have been due

Fig. 5. Leaf Area Index differences among: full and partial levels of
overhead irrigation (100% OH, 66% OH); full and partial levels of
subsurface drip irrigation (100% SDI and 62% SDI); and non-
irrigated (NI) treatments. Letters denote significant differences
among treatments.

Fig. 6. Differences in peanut tissue collected for carbon isotope analysis
among: full and partial levels of overhead irrigation (100% OH, 66%
OH); full and partial levels of subsurface drip irrigation (100% SDI
and 62% SDI); and non-irrigated (NI) treatments. Traits include
d13C and SPAD chlorophyll content measured on the same leaf
tissue. Letters denote significant differences among treatments.
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to NI plants receiving adequate early season
precipitation (data not shown) to attain large size
in mid-season. However, measured water flow in
the OH plants was substantially higher than in the
NI plants (Figs. 1 and 2) during the active pod fill
stage, thus indicating that these NI plants experi-
enced some late-season drought stress.

The high water-use of the SDI treatment plants
without increased yield indicates SDI plants may
have had lower water-use efficiency than OH plants
in this study. Carbon isotope discrimination,
though not statistically significant, indicated that
plants in both the 100% and 62% irrigation levels in
the SDI tended to exhibit lower WUE than either
OH or NI treatments. The inability to detect
significant differences may be due to inadequate
sample sizes because significant effects of irrigation
amount on carbon isotope discrimination have
been quantified by using larger sample sizes at this
experimental site (data unpublished). However, the
apparent lower WUE of SDI plants in comparison
to OH plants was most likely due to the effect of
irrigation management and not on an inherent
characteristic of SDI in general.

This study has successfully demonstrated the
technique of sap flow measurement in peanut
under field conditions which had not been pre-
viously demonstrated to date. The technique was
further able to quantify water use differences
between irrigation treatments. While this study
found a higher plant water use in SDI treatments as
compared to OH treatments, further studies need
to be conducted before conclusions about differ-
ential water use patterns between irrigation treat-
ments can be made. The successful application of
the sap flow technique in this study shows the
efficacy of applying this technique in future studies
addressing this question.
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