GROWTH, CANOPY TEMPERATURE, AND SPECTRAL REFLECTANCE

OF ALFALFA UNDER DIFFERENT IRRIGATION TREATMENTS

by

DAVID ERNEST JOHNSON, JR.

B.S., UNIVERSITY OF ARIZONA, 1978

A thesis submitted in partial fulfillment of the

requirements for the degree of

MASTER OF SCIENCE

KANSAS STATE UNIVERSITY

Manhattan, Kansas

1982

Approved by:

/7/)" A’a 44-1,. ¢ ‘.:5"1--.4/\._/"



A0
206

1983

Jb3
Cr @

j ’ALLEDB

5k95k7 1

To my parents,
Ernie and Robertas
and

my uncle, James W. Taylor



TABLE OF CONTENTS

LIST OF FIGURES ..

LIST OF TABLES ...

TABLE OF CONTENTS

CHAPTER 1: EVALUATION OF CANOPY TEMPERATURES OF
ALFALFA WITH DIFFERENT IRRIGATION

TREATMENTS ....ccccsas

Abstract .....-.

Introduction .e

" B S a e s eSS S aEaS -

Materials and Methods ....:.:2::4

Results and Discussion .ceceseassa

Conclusion ....

Literature Cited

-------- # m w8 s ® v e se=s
® 8 88 E S e s S S S S eSS S E
® = s 8 8§ = 8 B 8§ 5 S =S8 S eSS

CHAPTER 2: ASSESSMENT OF THE GROWTH OF ALFALFA
FROM SPECTRAL REFLECTANCE MEASUREMENTS

Abstract ......

Introduction ..

Materials and Methods .cccssceaa

Results and Discussion .c.cacaes

Conclusion —

Literature Cited

10

i3

i4

29

30

32

34

46

47



Table of contents {(continued)

Page
APPENDIXES:
A. Statistical AnalysSES .ccccceccseccenanncaces ceas B2

ReferencPsS ...ccccscsssssssasassssasnsanannaas W 79

B. Field Data ...cu2cscsscssscsmsscacncnananans P -



LIST OF FIGURES

Eigure . Page

1.1 Experimental design. Randomized complete
block, with six blocks and seven treatments
randomized within each block. Flots were
numbered consecutively, E to W, then W to
E. etc., beginning in the S5E corner and
ending in the NW corner ....ccscass csasacnsssnss 28

1.2 So0il water content (3.2 m profile) over time
{growing season) in 1980. Abbreviations:
harvest (H), irrigation{I}, and rain (R} ..cce.c. 25

1.3 Soil water content (3.2 m profile) over time
{growing season?) in 1981. For abbreviations,
see legend of Fig. 1.2 .ccccccscvannnncnassnannnn 20

1.4 Foliage—air temperature differential versus
vapor pressure deficit of well-watered (10.2,
12.7, and 15.2 cm regimes only) alfalfa in
1980 ..ccvsveccsnssnsanamsnasssnannnas - m e 26

1.5 Foliage—air temperature differential versus
vapor pressure deficit of well—-watered alfalfa
in 1981. All seven levels of irrigation were
used in the analysSiS ...ceavscsscsasacsscssascan 27

1.6 Foliage—air temperature differential versus
vapor pressure deficit of well-watered (10.2,
12.7, and 15.2 cm regimes only) alfalfa in
1980 and 1981 {(combination of Figs. 1.4 and
1.5) .ciancavssnnannaans assmessucussmnonnans e mawe 28

2.1 Partition of total dry weight intoc leaft and
stem components using treatment averages,
in each of two Harvests in 1980 .....cccave smaesss nO

2.2 Partition of total dry weight into leaf and

stem components using treatment averages,
in each of two harvests in 1981 ..... cesnsemssann 58

x1i



Lizt of Figures {continued)

n
b
i
=
=
1]
I
I
2

2.5 Leaf area index over time {(growing season)
in 1980. Abbrreviations: harvest {(h), irri-
gation (I), and rain {(R}. To make the graph
less crowded, only four irrigation regimes
are ShoWlN .c.cc.csissaisssacsssnunacsssonannnsvsnnens TP

2.4 Leaf area index over time (growing season)
in 1981. For abbrreviations., see legend of

Fig- 2-3 " 2 @& E S 88 8 ® S S E S WSS S EEE S SE S EEE S SN EE D SS 59

2:9 Mormalized vegetative index over time {growing
season) in 1980. For abbreviations, see legend

D'F Fig- 2.3 ® B B S S EESESSES kS EED S S S 8 S DS 0SS s S S8 SS 60

2.6 NMormalized vegetative index over time (growing
season) in 1981. For abbreviations, see legend
D‘F Figl 2-3 - @ 2 8 S @ s S S E S S S A S S E RS g S S RSN S S g e 8RR B 60

2.7 Asymptotic relationship of normalized vegeta-—
tive index and leaf area index of all irriga-
tion treatments (subset of regimes shown to
simplify graph) in 1980 meesssssssseasasssnssens GOl

2.8 Asymptotic relationship of normalized vegeta-
tive index and leaf area index of all irri-
gation treatments {(subset of regimes shown to
simplify graph) inm 1981 ....ccccccccasssasanca=w &1

11}



LIST OF TABLES

~
i)
o
ot
m
I
1]
Ta}
I

1.1 Dates of harvest, irrigation, and neutron-
probe measurements in 19B0. At harvest,
Plots were cut ....ccseccsccssassncscansannasnnna 18O

1.2 Dates of harvest, irrigation, and neutron-
probe measurements in 1981. At harvest,
plots were cut  ......- . e i R — -uww BE

1.3 Rainfall during the growing season of 1780
in Manhattan, Kansas ..ccccvsaacssex sesuanamanses 18

i.4 Rainfall during the growing season of 1981
in Manhattan, Kansas ..cccscaccosssaannaas “omwewemm 1T

1.5 Temperature on days measurements were taken
in 198‘:’ IIIIIII o 8 W NS 8 e a3 s S ® 3 8§ mE @ ® WSS W @ ® ¢ 5 @ s @ 8 e 9 & 8 20

1.6 Temperature on days measurements were taken

jn 1951 ¥ & ¥ P F®B P 5 EEENSESEEEES S s @ » @ " @B ES @ ewSSaED 21

1.7 Effect of irrigation water on canopy—-minus-—
air temperature (T, - T,) of alfalfa in
1980 - & 8 &S @ 8 ¥ & 8 g 4@ 8 5 F S S E S 4 & & & 2 5 5 a8 =a S & = 2 8 § @ 8 &8 &@ 22

i.8 Effect of irrigation water on cancopy—minus—
air temperature (T, - T,) of alfalfa in

1981 .cccaases “msessssssmena PR~ .

2.1 Dates of harvest, irrigation, leaf-area,
spectral, and neutron—-probe measurements
in 1980 - @ » @ d a8 8 8 F P A =S a8 8 & @ u 2 8 B " 08 &8 3w S @ B 8 8B 5 5 B =S - 50

L2 Dates of harvest, irrigation, leaf—-area,
spectral, and neutron—probe measurements
in 1991 ----- ® S @ 8 5 @ m =& " 8 @ 8 @ 8 &4 @ 8 3B 5 FES ¥ e m 8 & 8 88 S TS 51

2.3 Effect of irrigation water on the drvy

weight of alfalfa sampled four times in
1980 .cvcacaconaans o W e e e e e e IR o 1

XV



List of Tables {continued?

Table Fage
2.4 Effect of irrigation water on the dry

weight of alfalfa sampled four times in

1991 ---------------- - @ ® PSP e NS S S a W > & B A @ @@ as a a = 53
2.5 Effect of irrigation water on the partition

of leaf dry weight to total dry weight

sampled in 1980 .....c... sesemsssmsasransansnans 4
2.6 Effect of irrigation water on the partition

of leaf dry weight to total dry weight

sampled in 1981....... Aw mie B e A e e e ae e ee aie wve DO
2.7 Effect of irrigation water on the normalized

vegetative index of alfalfa sampled in 1980 .... Sé6

2.8 Effect of irrigation water on the normalized
vegetative index of alfalfa sampled in 1981 .... 57



ACKNOWLEDGEMENTS

I extend my sincere appreciation to Drs. Edward T.
Kanemasu and Mary Beth Kirkham, my major professors, for
their guidance and advice. Also, I thank Dr. Loyd R. Stone.a
member of my committee, for his helpful suggestions and for
providing the soil data.

I particularly praise the temperament of the faculty,
staff, and graduate students of the Evapotranspiration Lab-
oratory for making a pleasant place to work and learn.

I sincerely thank Bob Lorton, Matt Matulka. Stan
Runguist, James Stoney, Craig Tilton, and George Wege for
their help in the field.

Finally, 1 thank Marvy Beth Kirkham for her editing

and support.



CHAPTER 1

EVALUATION OF CANOPY TEMPERATURES OF ALFALFA WITH

DIFFERENT IRRIGATION TREATMENTS



ABSTRACT

Alfalfa (Medicago sativa L. "Cody®) was grown under

seven watering regimes to determine the effect of water on
canopy temperature in the Southern Great Flains. Irrigation
water (0, 2.5, 5.1, 7.8, 10,2, 12.7, or 15.2 cm) was added
aftter each of three harvests in both 1980 and 1981. Through-
out the growth period in both years, soil—-water content and
canopy temperature were measured using, respectively, a
neuwtron—attenuation probe and an infrared thermometer.
Extremes in weather between the summers of 1980 and 1981
enabled comparison of data from a stressed season (1980)

with those from a non—-stressed season (1981). The relation—
ship between canopy—-minus—air temperature (Tc = Ta) versus
vapor pressure deficit {(VWPD) was determined on well-watered
alfalfa for 1980 and 1981. In the dry year of 1980, irri-
gated plots had cooler canopy temperatures than did dryland
plots, but differences in temperature due to irrigation level
were not apparent. In the wet year of 1981, differences in
canopy temperature among irrigated and dryland plots were not
evident. In both the dry year and the wet year, T, - Ta was

c

inversely related to VPD.



INTRODUCTION

FPlant temperature has long been recognized as an
indicator of plant—water stress. Clum {(1924) studied
temperatures of turgid and wilted leaves and found differ-—
ences in temperature between 2 and = DE. Tanner {(192463)
calculated that a decrease in transpiration of 10¥ from a
full cover of alfalfa-brome in Wisconsin in early Septem—
ber would cause a temperature increase of 1%. Thus, he
said, a measurement of the difference in temperatures among
plants might show a difference in transpiration. Ansari and
Loomis (1959) found temperatures of leaves covered with
vaseline to be 1 to 3°C warmer than transpiring leaves.
Hsiao (1973) reported that, given constant meteorological
conditions, stomatal closure in response to water stress
would cause leaf temperatures to rise due to reduced tran-—
spiration. Clark and Hiler (1973) related water stress in
cowpeas to leaf-air-temperature differences. They found
that stomatal closure increased as water stress developed
and closure resulted in increased leaf temperature. Ehrler
et al. (1978) observed increasing canopy temperature in
wheat with decreasing (more negative) plant-water potential.
Difference in canopy temperature between sfressed and non-—
stressed plants was sﬁawn to be a reliable indicator of

plant-water status.



Flant temperature and stress are related because, if
a plant is well watered, the stomata are opened and water
evaporating from the stomatal cavity cools the plant. As
water becomes limiting, the stomata close to obstruct the
evaporation of essential water from within the leaf. Under
these conditions, cooling by transpiration is reduced and the
temperature of the plant rises. |

Tanner (1943) used a radiation thermometer to mea—
sure the temperatures of several crop canopies in Wisconsin
and found that non-irrigated plants had higher temperatures
than irrigated plants. The increased temperature of the
stressed plants appeared to be due to stomatal closure. This
is consistent with the way water—stressed plants adjust by
closing their stomata. Tanner {(1963) was probably one of
the first scientists to use infrared thermometry to deter—
mine canopy temperature. Early models of infared thermom-—
eters were cumbersome. In the past five years, light-weight
{about i kg), hand-held infrared thermometers have become
commercially available (Jackson et al., 1980; 1981) and have
been used to measure canopy temperatures of several crops.

Gardner et al. {(1981) studied the effect of water
stress on the canopy temperature of differentially irrigated
corn. The daily standard deviation of midday canopy tempera-—
tures in fully irrigated plots of corn were about #* SOC. In
non—irrigated plots, it was as large as + 4.:2%. They con—
cludéd that plots which exhibited a standard deviation of

abave + 3°C needed to be irrigated.



Clawson and Blad (1982) used canopv—temperature data
ogbtained with a hand-held infrared thermometer to schedule
irrigation in corn. They designated plots irrigated accord-
ing to temperature of the crop the "temperature—scheduled
plots." They compared the water—use of plots irrigated to
near field capacity to temperature—scheduled plots and sug-—
gested that water was used more effectively ﬁy the tempera-—
ture—scheduled plots. The vyields of grain of the well-
watered plots were not significantly different from those of
the temperature—-scheduled plots; therefore, they concluded
that the temperature-scheduled plots had received adequate
water.

Canopy temperature of alfalfa has been measured
{Idso et al., 19803 1981a). In none of those experiments,
however, has alfalfa been grown under a distinct series of
irrigation regimes. Tanner (19463} suggested that plant
temperature measurements could be used to detect moisture-
stress differences among plants under different regimes. The
ob ject of this experiment, therefore, was to determine if
progressive differences in temperature existed among plots
of alfalfa subjected to seven graded water treatments. In
addition, because plant temperatures are influenced by atmo-

spheric conditions, such as vapor pressure deficit {(Idsoc et

al., 1981b; 1981ic), as well as soil conditions, the relation-

ship between canopy—air temperature differential and vapor

pressure deficit was also determined.

ot



MATERIALS AND METHODS

The experiment was conducted during the summers of
1980 and 1981 at a field site located about X km (2 miles)
southeast of Manhattan, Kansas. The s0il type was Eudora
silt loam, classified as a Pachic Haplustoll, fine silty,
mixed, mesic {(Jantz =t al., 1975). Alfalfa {(Medicago sativa
L. "Cody”) was planted in 1978 on leveled land and 42 plots
each measuring 79 m ¥ 2 m were established (Fig. 1.1). Access
tubes for neutron-moderation measurements were placed in the
center of each plot to a depth of 3.5 m {(one tube par'plot).
Borders of soil enclosed the plots and gated irrigation pipe
{20-cm diameter) was set on top of the borders. The éxperi-
mental area was surrounded by & m of “Cody® alfalfa. The
plots were irrigated with 0, 2.5, S.1, 7.4, 10.2, 12.7, or
15.2 cm of ground water (six replications of each amount) at
three different times during each of the two growing seasons
{Tables 1.1 and 1.2). The experimental design was a random—
ized cnmplete block. There were seven water treatments
{six levels of irrigation; one dryland) in each of six blocks
{six replications). The irrigation levels were gauged using
meter sticks to measure the depth of irrigétiun water received,
while the water was being rapidly released through the gated
pipe. The alfalfa surrounding the experimental area was soaked

with water {amount added not measured) on the dates of irriga-



tion.

In 1780, irrigation water and stored soil water were
the main sources of water for the plants because of the drvy
SUMME . This contrasted with the summer of 1781, which
was wet (Tables 1.3 to 1.48). The National Oceanic and Atmo-
spheric Administration (1980, 1981) characterized June and
July of 1980 as one of the "driest" periods on record with
"torrid" heat, and June and July of 19891 as having very heavy
rains, producing large rainfall totals. The extremes in
weather between the summers of 1980 and 1981 enabled compar-
ison of data from a stressed season with those from a non-—
stressed season.

Throughout the growth period, canopy temperature and
neutron—attenuation measurements were taken. Canopy tem—
perature was measuwred with a hand—-held infrared thermometer
{Model 44, Telatemp Corp., Fullerton, Calif.), held at an
cblique angle to measure upper canopy surfaces {(Jackson et
al., 1?280). Measurements (six per plot) were taken between
12:00 and 15:30 CDT.

Soil-water status, throughout the growing season, was
determined at seven—to—ten—day intervals with a neutron—
moisture probe. The readings were taken to a depth of 3.2 m,
in each of the 42 plots, in increments of 15.2 cm. Fifteen—
second—standard counts were taken before and after reading
each tube. Total water in the 3.2 m soil prafile was deter—
mined by adding together the amount of water in each layer

{15.2 cm increment) of soil.



Vapor pressure deficit (VPD) was calculated as
follows:

VPD = ex — e {1)

where e = saturation vapor pressure at air tempera-—
ture, T, and, e, the ambient vapor pressure in air,
equals the following {(Rosenberg, 1974, p. 131):

FH = e/efx u« 100 (2)
and rearranging terms.

2 = (RH » e¥)/100 (3

Values for e¥ and e were calculated from information
contained in the Smithsonian Meteorological Tables {List,
1951, Table 94). Relative humidity {(RH) and ambient-air tem-—
perature values were obtained from data provided by the
Mational Weather Bureau and kept in files in the Department
of Physics, Kansas State University, Manhattan, Kan.

The data were analyzed by analysis of variance
{ANDVA) , using a regression approach (Meter and Wasserman,
1974), to be able to present the data for an entire growth
period, and to adjust for unequal sample numbers during the
late—August—-to-September—growth periods for both years.

During that time, one plot per treatment (except for the 12.7
cm treatment, which was not measured) was measured. The dates
that temperature measurements were made in 1980 were 19, 25,
27. 29 August and 2 September, and, in 1981, the dates were
27 énd 30 August and ? and 17 September. The data presented
in the canopy minus air temperature (Tc - Ta} versus vapor

pressure deficit (VFD) regression analysis for 1980 represent



a mean of six replications (a2 total of 35 readings per data
point) receiving 0.2, 12.7, and 15.2 cm of irrigation water.
These data were used to insure that the regression analysis
involved well-watered plots only (Idso, et al., 1981al. In
the regression analysis of 1981 {(the wet year), means of the
six replications for all treatments were used in the anal-
ysis, because all plots were well-watered. The May harvest
data of 1981 were not used because there was alfalfa weevil

damage.
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RESULTS AND DISCUSSIOM

The 1980 and 1981 data showed that, in Kansas. crops
can be subjected to large variations in weather (Tables 1.3
to 1.4). In 1980, temperatures were generally very hot. and
the cumulative rainfall from 20 June to 1 September was &3&
mim . In contrast, in 1981, the temperatures were cooler and
the rainfall from 20 June to 1 September was three times as
much {(i.e., 414 mm).

In both vears. soil-water content of plots irrigated
with 15.2 cm of water was higher than dryland plots {(Figs.
1.2 and 1.3). Mon—irrigated alfalfa grown in 1980 had to
rely mainly on stored soil-water, and the moistwe content
of the profile generally decreased throughout the summer. In
the wet year of 1981, the water requirement of dryland
alfalfa seemed to have been adequately supplied by rainfall
(Fig. 1.3), and the soil—-water content tended to increase
with time, instead of decreasing, as it did in 1980.

The differences in weather permitted the study of
canopy temperatures of differentially irrigated alfalfa
grown under dissimilar conditions. Tables 1.7 and 1.B show
canopy minus air temperature (Tc - Ta) for several days
during the 19890 and 1981 growing seasons. In the dry vear
of 1980, plants grown with irrigation water had cooler

temperatures than plants grown dryland (Table 1.7). Between



1.1
8 July and & August, the average canopy temperatures of
non—irrigated plants were warmer than air. Usually the
plants irrigated with 15.2 cm of water had the coolest iea¥f
temperature, even though their leaf temperature was not
statistically different from that of plants receiving 7.6,
10.2, or 12.7 cm of irrigation water (Table 1.7)}. In the
wet year of 1981, level of irrigation had no significant
effect on canopy temperature (Table 1.8).

FPositive Tc = Ta values were observed during the
April—-to—May—-growing period of 1981 (Table 1.8). Ambient
air temperatures i{not shown) were between 22°c and 26°E.
VVapor pressure deficits were between 1.6 ¥KPa and 2.4 KPa.
Idso et al. (1981ta) showed positive Tc &= Ta values at low
VPD and found a linear relationship between Tc - Ta and VPD
for well—-watered alfalfa. In fact, some of their data were
obtained on the plots used in this experiment. It was
assumed that the positive values of Tc = Ta observed in
April-to-May of 1981 were a result of low ambient air
temperatures and low vapor pressure deficits.

A linear regression of T, - T, versus VPD for 1980
resulted in an equation similar to the one obtained by Idso
et al. (198ta), who found Tc = Ty = 0.9046 - 1.92VPD (KPa). In

our study, the regression equations were:

1980: T, - T, = 1.08 — 1.26VPD, R’

¢ 0.60 (Fig. 1.4)

6.19 — 3.93VPD, R

i?81: T _ - Ta 0.85 (Fig. 1.9

c

A t-test of the equality of two regression egquations at the

0.05 level of significance (Zar, 1974, p. 228-235) revealed



that the intercepts of the 1980 equation and the one obtained
by Idso et al. {(i198ia) were equivalent, but the slopes were
significantly different. The 1980 equation was tested against
the 1981 equation and the slope and intercept terms were
found to be significantly different. Differences between the
two equations (1980 versus 1981) were probably due to factors
such as energy balance, net radiation, stomatal resistance,
and atmospheric boundary differences, as well as the range in
temperatures and vapor pressures that existed between the two
seasons. Figure 1.6 shows Tc = Ta versus VPD for both the

1980 and 1981 data.
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CONCLUSION

When alfalfa was irrigated with different amounts of
water (0O, 2.5, 5.1, 7.6, 10.2, 12.7, or 15.2 cm per irriga-
tion), differences among canopy temperatures due to different
irrigation treatments were evident in a dry vear, but not in
a wet year. In the dry year, the irrigated plots had a cooler
canopy temperature than did dryland plots, but differences
in temperature due to level of irrigation water added were
not apparent. Therefore, in the dry year, the infrared ther-
mometer differentiated between wet and dry plufa, but it did
not distinguish differences in wetness of the irrigated
plots.

In the dry year cof 1980, vapor pressure deficits
were high (e.g., 7 KPa, Fig. 1.4}. In the wet vear of 1981,
plants at high vapor pressure deficits {(e.g., 3 KPa, Fig.
1.5) had cooler leaf temperatures than plants at low vapor
pressure deficits {e.g., 1.2 KPa, Fig. 1.5} had cooler leaf#
temperatures than plants at low vapor pressure deficits
{e.g., 1.2 KPa, Fig. 1.5). 1In the dry year, T, - T, was in-
fluenced by both irrigation treatment and vapor pressure
deficit, but in the wet year, T —.Ta was affected only by

c

vapor pressure deficit and not by irrigation treatment.
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Table 1.1. Dates of harvest, irrigation. and neutron-—
probe measurements in 158G. At harvest, plots were
cut.

Date (days

after first Neutron
cut of season) Harvest Irrigation probe
3 June (1) X

11 June (9) X
13 June (11) ¢ x

16 June (14) X
23 June (21) x
1 July (29) X
8 July (36) X

10 July (38) ' x

14 July (42) X

17 July (&45) X
28 July (56) %
6 Aug. (65) X

7 Aug. (66) b4

11 Aug. (70) X

15 Aug. (74) X

29 Aug. (88) X
6 Sept.(96) X

11 Sept.(101) X
7 Nov. (156) X

11 Nov. (160) X
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Table 1.2. Dates of harvest, irrigation, and neutron-—
probe measurements in 1981. At harvest, plots were

cut.

Date (days

after first ‘ + Neutron
cut of season) Harvest Irrigation probe
26 May (1) b4 X
L June (103 X ,
5 June (11 X

6 June (12) p'e

9 June (15) X
19 June (25) X
1 July (37) x
6 July (42) X

8 July (44) x X
9 July (45) X
10 July (46) X

11 July (47) X
20 July (56) X

3 Aug. (70) x

9 Aug. (76) X

12 Aug- (?9) X

13 Aug. (80) x
14 Aug. (81) X
21 Aug. (88) X

8 Sept.(106) ]
18 Sept.(116) X

25 Sept.(123) X

T Flots had to be irrigated over several days because
the borders were weathered and would not hold 15.2
cm of irrigation water (maximum level of water added)
and because rain came during the irrigation periods.



Table 1.3. Rainfall during the growing season of 1980
in Manhattan, Kansas. -

Date Rain
mm

20 June 14
22 June 15
© 23 June 3
2 July 2
3 July 14
21 July 11
25 July 3
26 July 2
1 Aug 1
4 Aug. 5
5 Aug g
10 Aug L
15 Aug. 30
16 Aug. 7
18 Aug. L
22 Aug. 1
1l Sept. 21
14 Sept. 4
15 Sept. . 3
30 Sept. L
15 Oct. 39
16 Oet. 22
24 Oct. 12
30 Oct. 1

14 Nov. 3




Table 1.4. Rainfall during the growing season of 1981
in Manhattan, Kansas.

Date Rain
mm
1 May 2
5 May 21
8 May 10
9 May L2
12 May L
13 May 1
14 May 4
18 May L8
19 May 13
25 May 20
29 May 8
2 June 3
5 June ' &
11 June. 25
15 June 30
21 June 23
22 June 1
26 June 14
28 June 47
2 July 5
3 July 15
L July 2
9 July 56
15 July 2
17 July 2
18 July 21
19 July 2
20 July 37
22 July 3
27 July 65
3 Aug. y2
% Aug. 11
7 Aug. 9
10 Aug. 27
14 Aug. 8
26 Aug. 5
28 Aug. 2
1 Sept. 15

24 Sept. 12




Table 1.5. Temperature on davys messurements were
taken in 1980,

Max i mum Minimum

Date temperature temperature

- S
12 June 32 21
17 June 28 13
27 June 34 14
1 July 40 27
8 July 40 28
22 July 31 17
28 July 41 19
1 Aug. 41 24
6 Aug. 36 21
20 Aug. 33 27
26 Aug. 39 21
2 Sept. 34 17

6 Sept. 37 22




Table 1.6. Temperature on days measurements were
taken in 1981.

Max imum Minimum
Date temperature temperature
_____________ OC e

14 May 21 9

9 June 36 24
17 June 29 16
18 June 26 19
19 June 29 16
25 June 29 22
13 July 36 27
16 July 32 24
23 July 31 22

31 July 31 22

3 Aug. 32 22
18 Aug. 24 13

17 Sept. 17 6
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Table 1.7. Effect of irrigation water on canopy minus
air temperature {Tc - Ta) of alfalfa in 1980.

Harvest date

Ira;gzﬁlon 8 JulyT é Aug.T 6 Sept.*
cm °c
0.0 -2.7a +1.4a -1.0a
2.5 -4.3ab -0,8ab -1.6ab
o o -4.7ab -3.0bec -2.7bc
T+b -5.7b -3.9¢ -3.4c
10.2 -5.7b =4.1c -3.5¢c
1.7 -5.8b -4.éc -3.6¢
15.2 -5.7b -5.0c -3.8c
T | - =

Each value is the mean of 12 to 19 replications in

a treatment averaged over the entire growth period.
Means in each column that have the same letter are
not significantly different. A regression approach
and Duncan®s multiple range test were used at the
0.05 level of significance. In this table and all
other tables in the thesis with statistical tests,
the following procedures were used. A lower limit
of acceptable P>F (o level) was chosen to be 0.25 or
a 79% chance that treatment means were not equal.

I¥f the level went lower than this value, then there
was no significant difference among the treatment
means. In other words, if there were up to a 754 or
greater chance that the treatment means were differ-—
ent, Duncan®s test at the 0.05 level of significance
was then used to test for differences among treatment
means. Dunnett’s test, Newman—-Keul’s test, and
Tukey’s test were alsoc run: and usually the results
were the same as those obtained with Duncan®s test.
All these teste are described by Zar (1974).

=i=='Eac:h value is the mean of 24 to 29 replications in
treatment. On some dates, only one measurement per
treatment was taken (see text). Data were analyzed
using the same method outlined above.



Table 1.8. Effect of irrigation water on canopy minus
air temperature {Tc = Ta} of alfalfa in 1981.

Harvest date

Iriigzglon 26 MayT 6 July+ 9 Aug.* 18 Sept.*
g z0Zsessssosnasscsac % = S
0.0 +2.2a -4.4a -4.0a -2.1a
2.5 +2.1a -4.4a =4.1la -2.2a
5.1 +2.0a -4,7a =4,.2a -2.3a
7.6 +1.5a -4.,7a -4.3a -2.3a
16,2 +1.3a -4,7a -4, 3a -2.3a
12.7 ®1. 36 -4.8a -4.3a -2.3a
15.2 1 /25 -4.9a -4.3a -2.5a
; ______ _ _

Each value is the mean of & to 24 replications in 8

treatment averaged over the entire growth period. GSee
first footnote of Table 1.7 for meaning of letters in

the table.

+

See second footnote of Table 1.7.
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Fig. 1.1. Experimental design. Randomized complete block,
with six blocks and seven treatments randomized within
each block. Plots were numbered consecutively, E to W,
then W to E, etc., beginning in the SE corner and ending
in the NW corner.
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Fig. 1.4. Foliage—air temperature differential versus vapor
pressure deficit of well-watered alfalfa in 1980 and 1981
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ABSTRACT

Alfalfa {(Medicago sativa L. “Cody’) was grown under

seven watering regimes to determine the effect of water on
growth of alfalfa in the Southern Great Plains. Irrigation
water (0, 2.5, 5.1, 7.6, 10.2, 12.7, or 15.2 cm) was added
after each of three harvests in both 1980 and 1981. Through-
out the growth pericd in both years, leaf area, stem dry
weight (SDW), leaf dry weight (LDW), soil moisture, and
reflectance were measuwred. Soil moisture, leaf area, and
reflectance were_detgrmined using, respectively, a neutron-—
attenuation probe, an optical scanning meter, and a hand-held
radiometer. Yield was determined at harvests in July, Au-
gust, September, and November of 1980, and May, June, July,
August, and September of 1981. Contrasts in weather between
the two summers enabled comparison of data from a year with
water deficit {(1980) to those of a wet vyear (1991i. Rainfed
plants {(dryland) in 1980 usually had the lowest yield. and
plants irrigated with 5.1, 7.6, 10.2, 12.7, 15.2 cm water
generally had significantly higher yield than plants grown
dryland. In 1981, rainfed plants showed no difference in
vield compared wi£h irrigated plants. The ratio of LDW to
total dry weight was about 0.5, and this ratio remained

relatively constant between irrigation treatments and years.
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Leaf-area index (LAI) was related to total drv weight and
growing—degree days using a multiple—-regression equation.
The equation seemed to describe adequately the data for
both years, but requires further wvalidation. A wvegetative
index {(VI), obtained by calculating a ratio of the differ-
ence of thematic mapper bands THM4 (0.767tn Q.90 um) and THS
(0.63 to .69 um) C{TM4 — TMI)/{THM4 + TM3)] was directly
related to leaf-area index. Dryland plants had the lowest
VI in 1980, but differsnces among irrigation treatments
were not evident. In 1981, there was no significant dif-—

ference between V1 of irrigated plants and dryland plants.



INTRODUCTION

In the Southern Great Flains, alfalfa is irrigated
because rainfall is spnrédic and amounts are often low.
Alfalfa usually develops an extensive root system, particu-—
larly on deep soils. It is relatively drought tolerant and
vegetative yield is mainly dependent on available water
(VYough and Marten, 1971; Jung and Larson, 1972). Studies on
irrigated alfalfa have been carried out in Arizona, {(Dorbrenz
et al., 1971), California (Hagemann et al., 1978), Nebraska
{Daigger et al., 1?70), and New York {(Lucey and Tesar,

1965). MNo experiments have been done in the Southern Great
Plains, where new varieties of alfalfa are being released at
an unprecedented rate (Reinhardt et al., 1978; Shrover et
al., 1981). The drought, high temperatures, and desiccating
winds of the area make a unigue set of climatic hazards that
can severely limit production.

The growth and development of leaf tissue in forage
crops is important from the standpoint of the guantity and
quality of the'yield. Monitoring of plant growth has tradi-
tionally been done by hand, clipping plants from a known area
and weighing the vegetation removed to get wet or dry weight
per unit area. Leaves occur in various shapés and sizes, and

it is difficult to measure the intact leaf area of a plant.
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L paf—area—index (LAI) measurements of alfalfa are particular-
1y tedious because of the numerous small leaves. Robison and
and Massengale (1947) found that leaf weight could be used to
determine the leaf area of ‘Moapa’ alfalfa grown in Tucson,
Ariz.., at various stages of growth or for different seasons
of the year. Schreiber et al. (1978) developed and wvalidated
a computer model of alfalfa growth, called SIMED, that used
weather data to predict the accumulation of dry matter in
leaves, stems, and roots.

With the advent of advanced computer technolcecgy and
data collection, monitoring the development of an intact crop
canopy and its biomass are possible by means of remote sens-—
ing by satellites (Pollock and Kanemasu, 1979). Many inves-
tigators have used hand-held radiometers to measure reflec-
tance from agricultural crops. Tucker et al. (1979} reported
that reflectances from corn and soybeans were significantly
related to several agronomic variables, including biomass and
percent crop cover. Leaf—-area index, estimated from multi-
spectral data, can be used in yield models to predict biomass
and grain yield (Mchiuddin and Kanemasu, 1982).

Little work has been done to measure the growth and
reflectance of alfalfa irrigated with different amounts of
water in a subhumid region. The purpose of this study was
to determine the effect of differential irrigation on the
vegetatiye vield of alfalfa and assess reflectance measufe—

ments as a method of estimating the yield.
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MATERIALS AND METHODS

The esxperiment was conducted during the summers of
1980 and 1981 at a field site located about 3 km (2 miles)
southeast of Manhattan, Kansas. The soil type was Eudora
silt loam, classified as a Pachic Haplustoll. fine silty,
mixed, mesic {(Jantz et al., 19753). Alfalfa {(Medicago sativa
L. "Cody®) was planted in 1978 on leveled land and 42 plots
each measuring 9 m x 9 m were established {(Fig. 1.1). Access
tubes for neutron—moderation measurements were placed in the
center of each plot to a depth of 3.5 m (one tube per plot).
Borders of socil enclosed the plots and gated irrigation pipe
{20 cm diameter) was set on top of the borders. The experi-
mental area was swrounded by & m of “Cody® alfalfa. The
plots were irrigated with ¢, 2.5, 5.1, 7.4, 10.2, 12.7, or
15.2 cm of ground water (six replications of each amount) at
three different times during each of the two growing seasons
{Tables 2.1 and 2.2). The experimental design was a random—
ized complete block. There were seven water treatments
(six levels of irrigation; one drvland) in each of six blocks
{six replications). The irrigation levels were gauged using
meter sticks to measure the depth of irrigation water received,
while the water was being rapidly released through the gated

pipe. The alfalfa surrounding the experimental area was socaked
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with water {(ampunt added not measured) on the dates of irriga—
tion.

In 1980, irrigation water and stored soil water were
the main sources of water for the plants because the summer
was dry. This contrasted with the summer of 1981, which
was wet (Tables 1.3 to 1.48). The Mational Oceanic and Atmo—
spheric Administration (1980, 1981) characterized June and
July of 1980 as one of the “"driest" pericds on record with
*torrid® heat, and June and July of 19B1 as having very heavy
producing large rainfall totals. The extremes in weather be-—
tween the summers of 1980 and 198! enabled comparison of data
from a stressed season with those from a non—stressed season.

Throughout the growth period., soil moisture, leaf
area, dry weight, and reflectance were measured. Tables 2.1
and 2.2 show the dates measurements were taken in 1980 and
1981, respectively. Soil-water status was determined at
seven—to-ten—-day intervals with a neutron—attenuation probe.
The readings were taken to a depth of 3.2 m, in each of the
42 plots. Depth increment for the probe measurements was
15.2 cm. Fifteen—-second—-standard counts were taken before
and after reading each tube. Total water in the 3.2 m soil
profile was determined by adding together the amount of
water in each layer (15.2 cm increment) of soil.

Leaf area was measwred using an optical scanning me-
ter (Model LI-Zi00, Li-Cor, Inc., Lincoln, Meb.). At least

one, and sometimes two, plant samples from each irrigation
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treatment were taken from a 20.3F cm ¢ 20.35 cm area of ground.
After leaf area was measured, the individual leaves and stems
from each sample were oven—dried {40 to 70°C) and weighed.

Reflectance was monitored with a hand-held radio—
meter, which was configured spectrally to thematic mapper
bands TM3I (0.43 to 0.6 um), TM4 (0.74 to 0.90 pum) and THMS
{1.55 to 1.75 um}). These three bands are sensitive to the
cholorophyll density, the green-leaf density, and the leaf-—
water density, respectively (Tucker et al., 1981). In this
study, only the red {(0.43 to 0.469 um) and one infrared (IR)
(0.76 to 0.90 yum) bands were used, because the third band
{THMS) has been shown to give unreliable results. Reflec-

- tance values were determined by using a highly reflective
barium-sul fate panel as a reference. A dark-level re—
sponse of the instrument was cbtained by holding an opague
surface over the optical ports, to check for system noise or
deviation from zero. The response of the reference was mea-
sured about every 153 minutes during the time data were
cnllécted, and the dark-level response was measured every 40
minutes. Three duplicate observations were taken for each
plot and were averaged for analysis. Data for reflectance
were acquired away from the plant—-sampling area, to make
sure that the plants viewed by the radinmeter.wgre intact.
Data were gathered between 12:00 and 15:00 EDT, when the
angle of the sun was greater thén 45 degrees above the hori-

zon tJacksch et al., 1980). When weather permitted,



radiocmeter readings were taken at the same time that plant
samples were taken.

The reflectance data were used to calculate a nor-—-
malized vegetative index VI}, as follows:

(IR _— RED) _ (TM4 — TM3)
(IR + RED) {TM4 + TM3)

vI =

where IR (TM4) and RED (TM3) are reflectance values {(Jackson
et al., 1980).

In the regression model relating leaf-area index to
total dry weight (TOTDW) (i.e., leaf + stem dry weight in
kgfmz), growing—degree days {(GDD) was used as one of the
independent variables with a threshold temperature of s%Cc

and the formula (Lowry, 19493 Schreiber et al., 1978):

H
ooo = 3 [[TanctTma) -
i=1
in which
Tﬁax = maximum daily temperature; if it were greater
than 30°C, it was reset to 30°C.
an = minimum daily temperature; if it were less
than 5°C, it was reset to S°C.
H = end of the growth period {(harvest date).
The 1981 data were used to test the aptness of the 1980 re-—
gression model (Splinter, 1974; Loomis et al.. 1979). The

following constraints were imposed on the 1981 data before

analysis to avoid erronecus extrapolation from the 1980



regression equation:

0.027 > TOTDW(kg/m2) < 0.450

v

87 = GDD < 438

Q0.2

v

LAI <= 5.7

Statistical methods used to test the regression model
were extra-sum—of-squares and likelihood-ratioc tests (Meter
and Wasserman, 19743 Helwig and Council, 1979, p. 285).

The regression models relating normalized vegetative
index to leaf-area index and total dry weight were analyzed
using the modified Gauss—Newton—iterative—non-1inear—estima-
tion method {(Olinick, 19783 Helwig and Council, 1979, p.317-
3293 Snedcor and Cochran, 1980, p. 393-413). This method
was used because the data do not need to be mathematically
transformed, and they may be used directly in the equation.
Each set of measurements {(i.e., not means) of VI from each
plot were squated with the respective LAI and TOTDW before
analysis.

YVegetative indices determined for an entire growth
period, from all 42 plots, were investigated using a regres-—
sion approach to analysis of variance (RANOVA). Data exam—
ined using RANOVA, or other types of analyses, are noted

below the tables.

L



RESULTS AND DISCUSSION

Weather during the summers of 1980 and 1981 was dif-
ferent. Tables 1.3 to 1.6 show the rainfall and temperature
data for 1980 and 1981. 1ﬁ 1980, temperature was generally
extremely hot, and the amounts of rain were low. Tempera-—
ture in 1981 was cooler. and the rainfall for the summer was
three times as much as it was in 1980. The main sources of
water for alfalfa grown during the droughty year of 1980
were stored soil water and applied irrigation water. Fig-
ures 1.2 and 1.3 show the soil-water content of irrigated
(15.2 cm) and dryland alfalfa grown in 1980 and 1981, respec-
tively. The differences in weather between 1980 and 1981
permitted investigation into the growth of irrigated and non-
irrigated alfalfa subjected to arid conditions in 1980 and
wet conditions in 1981.

Tables 2.3 and 2.4 show the effect of irrigation on
the yield of alfalfa grown during the dry year of 1980 and
the wet year of 1981, respectively. In 1980, rainfed plants
usually had significantly lower yields than the irrigated
plants (Table 2.3). Plants irrigated with 15.2 cm nf_water
generally had the highest yield, even though yield was not
statistically different from plants receiving S.1, 7.6, 10.2,

or 12.7 cm of irrigation water. In the second harvest (&
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fuagust 1980), there was a reduction in yield compared with
the first harvest and then a slight increase in vield in the
third harvest (8 September 1980). Improvement in vyield
observed in the September harvest indicated that the stand
was probably recovering from previous heat stress.

Decline in growth of alfalfa during the hot weather
of summer, commonly referred to as "summer slump,"” is5 gener-—
ally experienced in the southwestern United States {(Bula
and Massengale, 1272). Above—optimal temperatures (:30°C)
may persist for extended periods and induce stress. Alfalfa,
grown at high temperature and soil —moisture stress, maintains
vegetative growth for shorter periods and vields less dry
matter than alfalfa grown at a 1ower temperature and with no
soil -moisture stress {(Vough and Marten, 1971). Pulgar and
Launde (1974} observed depression in growth of alfalfa follow—
ing heat stress. Decreased yield at the November harvest of
17280 (Table 2.3) was attributed to below—optimal temperatures
(<5°C) associated with the fall season. The reduction in
vield of non—-irrigated alfalfa, compared to that of irrigated
plants, suggested that irrigation during dry conditions, such
as the 1980 growing season in Kansas, was important for
forage production.

In 1981, yields of plants grown dryland were usually
similar to those of plaﬁts grown with irrigation water
{Table 2.4). This suggested that the érnp—water requirement

was adequately supplied by rainfall and water stored in the
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=oil profile.

Leaf dry weight {LDW)} and stem dry weight (5DW) were
examined in both years to establish if differences in weight
existed among the treatments. Figures 2.1 and 2.2 show the
partition of average LDW tg/m2) and SDW (g/mz) cnmpnpentB of
total dry weight (TOTDW) (i.e., LDW + SDW) of samples taken
in 1980 and 1981, respectively. The TOTDW appeared to agree
with the samples taken to determine vield (Tables 2.3 and 2.4).
That is, the naon—-irrigated treatment in 1780 usually vielded
less than the irrigated treatments, and there was no differ—
ence between treatments in 198i. The proportion of LDW to
TOTDW, shown in Fiéures 2.1 and 2.2. appeared to remain
relatively constant for both years and for all growth periods
and irrigation treatments. Tables 2.5 and 2.6 show the effect
of irrigation on the ratio of LDW toc TOTDW for 1980 and 1981.
The values indicate that there was no significant difference
between the amount of irrigation water applied and the ratio
of SDW to TOTDW. This ratio appeared to remain constant for
both years. Because the analysis of variance (ANOVA) showed
no treatment effect in either year, a3 regression equation
relating LDW to SDW was obtained. The equations were:

11.26 + 0.85SSDW, R2 = 0.92

S54.71 + 0.465DW, R>

1980: LDW

1781: LDW 0.67

Solving the equations simultaneously for LDW and SDW, adding
the results to get TOTDW, and then dividing LDW by TOTDW, one

geté the ratio of LDW/TOTDW = 0.49. These equations., solved
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for their intersection point, and thes ANOVA suggested that the
ratic of LDW to TOTDW was about one—half, and did not vary
significantly among irrigation regimes and appeared to be
consistent between years. The TOTDW, LDW, and SDW, viewed
individually ({(i.e., no ratios), however, were usually greater
in the copler and wetter year of 1981 than in the hotter and
drier year of 1780. |

Figures 2.7 and 2.4 show leaf-area index (LAI) during
the summers of 1980 and 1981, respectively. Leaf—-area index
of alfalfa grown dryland in 1980 was usually lower than that
of irrigated alfalfa. FPlants grown with 15.2 cm of irriga-
tion water generally maintained the highest LAI {(Fig. 2.3).
Alfalfa grown in 1981 appearedltn have about same LAI for all
irrigation treatments (Fig. 2.4). Leaf-area index was di-
rectly related to TOTDW {kg/mz) and growing-degree days
(GDD), defined in the Materials and Methods section, using a
using a multiple-regression technique. The equations were:

1980: LAI = —1.61 + 12.577T0TDW + O.0Z2GDD
~3.36 » 10 °gpp2 , R2 = 0.92
1981: LAl = —0.6% + 10.44T7T0TDW + O.016DD

—2.44 x 10 Sgpp? , rR2

= 0.88.

All parameters estimated, in both regression models. were
significant at greater than the 0.1 level. Standard error
‘nf estimate for the parameters were between 7.46 x ld_e to
0.39. The 1980 and 1981 data were combined into one set of

data to test the 1980 equation using the (781 data (extra-—
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sum—of-sguares test). The combined-data—-set equation was:
CHMEER: LAI = —1.40 + 12.1TCTDW + O.026DD
-3.21 x 16962 , R = 0.92.
The 1980 regression model was rejected at greéter than the
0.01 level of significance. Further analysis (i.e., likeli-
hood test) was done to compare the differences between the
slopes of the two equations (1980 and 1981). There was no
detectable difference in vear, or the interactions between
yvear and GDD or GDD 2 « at the 0.05 level of significance.
Significant differences were TOTDW, GDD, and GDD 2 « and the
interaction, TOTDW, and year. These differences suggested
that there were deviations in temperature (6DD and GDDZ}
anq TOTDW between the two vears. Schreiber et al. (1978),
using a computer model {(SIMED} to simulate alfalfa growth,
found that solar radiation and temperature were two impor—
tant environmental factors, which determined alfalfa growth.
In sensitivity analyses done with SIMED by Schreiber et al.
11978), growing—degree days and solar radiation were varied
to e#amine the effect on the growth of various plant compo-
nents and final vield. They found that radiation exerted
less influence than temperature on crop—growth rate and
that plants at cooler temperatures maintained growth for
longer periods of time than those grown at higher tempera-
tures. The statistical tests done two LAI-prediction equa-
tions (1980 and 1981) seemed to agree with the results

reported by Schreiber et al. (1978). Computer simulations
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{not shown! done on the CTMBER indicated that it adequately
described both vears of data, but no data were available to
validate the regression model statistically.

The measurements of reflectance showed the differ—
ences in canopy characteristics. For example, as leaf area
and biomass increased, there was a progressive decrease in
reflectance in the chlorophvll—absorption region (0.63 to
0.69 pmd and an increase in the infrared (0.7& to 0.90 um)
reflectance. HNormalized vegetative index (V1) was plotted
against time in 1780 and 1981 {(Figs. 2.5 and 2.4, respec—
tively). Calculated VI usually increased with time as
growth increased. Plants grown dryland in {1980 usually had
a lower VI than irrigated plants (Fig. 2.5). In 1980, the
differences in spectral response between dryland and irri-
gated alfalfa probably were due to differences in percent
soil cover, LAI, and biomass. Plants grown dryland usually
had significantly lower vyields (Table 2.3) and VI (Table
2.7) than the irrigated plants.

In 1981, VI was generally the same for all irriga—
tion levels {(Fig. 2.63; Table 2.8). Infrared reflectance has
been reported to be reduced by different types of stress,
including salinity, insects. and disease {(Daughtry et al.,
1980). Differences in VI observed in the first harvest (24
May) of 1981 were attributed to damage from alfalfa weevil.
There were heavy infestations of alfalfa weevil in Kansas

in the spring of 1981 (Kansas Insect MNewsletter, No. 2, 17
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April, 1981. Extension Entomology. Ean. State Univ..,
Manhattan, Kan.). The experimental area was sprayed with
Furadan and none of the later harvests in 1981 was affected
by weevils.

Figures 2.7 and 2.8 show VI versus LAI in 1980 and
1981, respectively. The VI saturated at LAI = 2.0. Rela-
ticnships of LAl and reflectance are reported to be slightly
non—linear, especially in the red band {(Tucker &t al.. 1979;
Bauer et 21., 1281). Studies of octher canopies have shown
an asymptotic response, with the curve levelling off at
leaf—-area indices greater than 3 or 4 {(Daughtrv et al.,
1780 . A curvilinear regression was done for both years to
obtain the following equations:

(—1.46LAI)

1980: VI . R% = o.51

Q. 770 = 0.770

(—1.34LAI)

1?81: VI = 0.874 - 0.874 v rR2= 0.50

The results showed that VI could be used to determine LAI at
low LAI"s (vyoung canopies), but that it could not be used to

discriminate differences in LAI at higher LAI’s.



CONCLUSION

When alfalfa was irrigated with different amounts of
water {(i.e., 0, 2.5, 5.1, 7.6, 10.2, 12.7, or 15.2 cm per
irrigaticn), differences in vield., leaf dry weight {LDW),
stem dry weight (SDW), leaf-area index (LAI), and normalized
vegetative index {(VI}, due to irrigation treatments, were
evident in a dry vear, but not in a wet vear. In a dry vear,
the irrigated plots generally had greater yield, SDW, LDW,
LAI. and VI than the drvyland plots, but differences due to
level of water added were not apparent. Thereftore, in the
dry year, measurements differentiated between wet and dry
plots, but did not usually distinguish due to amount of irri-
gation water applied to the plots.

In both a wet yvear and a dry vear, the ratioc of LDW
to total dry weight (TOTDW) was about 0.5, but LDW, S5DW, and
TOTOW were generally greater in the wet year.

Even though VY1 did not vary due to irrigation, it did
distinguish differences in growth {LAI) up to LAI of about
2.0. The results suggested that agronomic practices, such as
irrigation, that result in differences in LAI, biomass,
and/or perCEnt—guil cover, could be monitored by remote sens-—
ing. Therefore, remofe sansing may be useful in large—-scale

estimation of forage production.

34
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Table 2.1. Dates of harvest, irrigation, leaf-area,
spectral. and neutron—-probe measurements in 1980.

Neutron
Date Harvest Irrigation Leaf-area Spectral probe
3 June X
11 June X
13 June b4
16 June X
17 June X X
23 June b4
24 June b d x
27 June X x
1 July R X X
8 July X
10 July b4
14 July X
17 July X
22 July X %
28 July 4 X X
1 Aug. b4 X
6 Aug. X
7 Aug. X
11 Aug. X
15 Aug. %
18 Aug. X
20 Aug. X
26 Aug.
29 Aug. X
2 Sept. X
6 Sept. X
11 Sept. X
7 Nov. X

11 Nowv. X




Table 2.2.

Date

Dates of harvest,
spectral, and neutron—-probe measurements in 1781.

Harvest

26 May

L June
5 June
6 June
9 June
17 June
18 June
19 June
25 June

1l July
6 July
8 July
9 July
10 July
11 July
13 July
16 July
20 July
23 July
31 July

3 Aug.

9 Aug.
10 Aug.
12 Aug.
13 Aug.
14 Aug.
18 Aug.
21 Aug.
25 Aug.
29 Aug.

8 Sept.
12 Sept.
18 Sept.
25 Sept.

Irrigation

irrigation,

MR

o

]

leaf-area,
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Neutron
Leaf—area Spectral probe
X
X X X
X X
X
X
X
X
X
X
X X
X
X
X
X
X
X
X
X
X
X
X
X
X




Table 2.3. Effect of irrigation water on the dry weight of
alfalfa sampled four times in 1980,

-—— Harvest date — =
Irrigation

water 8 July 6 Aug. 8 Sept. 11 Nev.
cm glma ——————————————————————
0.0 208b+ 106b 130c 1252
245 260ab 18la 180b 130a
il 250ab 195a 209ab 140a
7.6 282a 229a 232a 133a
10.2 269ab = 212a 212ab 139a
12.7 283a 2053 241a 112a
15.& 272a 227a 2473 135a

.I.

Each value is an average of the six replications in a
treatment. See first footnote of Table 1.7 for
explanaticn of letters in table.

52



Table 2Z.4.

Effect of irrigation water on the dry weight of

alfalfa sampled four times in 1981.

Irrigation

Harvest date i = e

water 2& May & July Z? Auo. 18 Sept.
cm ~ G/ mME = e e
0.0 2285* 315b 351la 2963
2.5 281a 335a 358a 2943
5.1 265a 338a 3542 307a
2.8 238a 336a 348z 301la
10.2 250a 336a 3652 31la
12,7 232g 341g 361a 297a
15.2 2743 3462 360a 308a
+

treatment.

Each value i=s an average of the six replications in a

See first footnote of Table 1.7 for

explanation of letters in table.
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Table 2.5. Effect of irrigation water on the partition
of leaf dry weight to total dry weight sampled in
19840,

Irrigation

water 11 June - 8 July 8 July — & Aug.
&h lLeaf dry wt./ Total dry wt. (g/g)
0.0 O.EBﬁf 0.53a

255 0.52a 0.52a

Bk 0.58a 0.45a

7246 0.50z9 0.46a

10.2 0.49a 0.46a

12.7 0.482 0.42a

15.2 | 0.48a 0.50a

Each wvalue is the mean of = to 7 samples taken from
each treatment during that growth period. See first
footnote of Table 1.7 for explanation of letters in
table.
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Table 2.46. Effect of irrigation water on the partition
of leaf dry weight to total dry weight sampled in

1981.
------------ Growth period . -
Irrigation
water 26 May — &6 July & July — 9 Aug.
cm Leaf dry wt./ Total dry wt. (g/g)
0.0 0.1+6a1- 0.47a
2«5 0.45a ' 0.49a
Sk 0.45a 0.48a
7.6 0.45a 0.46a
10.2 0.46a 0.44a
12.7 0.45a 0.50a
15.2 0.47a ‘ 0.50a

1.

Each value is the mean of 2 to 7 samples taken from
each treatment during that growth period. See first
footnote of Table 1.7 for explanation of letters in
table.



Table 2.7. Effect of irrigation water on the normalized
vegetative index of alfalfa sampled in 1980.

Harvest date

Irrigation
water 8 July & Aug. g8 Sept.
L Normalized vegetative index ————————-

0.0 '0.65b*  0.53c 0.62b
2.5 0.72ab 0.65b 0.72a
5.1 ~ 0.72ab 0.73a 0.73a
7.6 0.73a 0.74a 0.73a

102 0.72ab 0.74a 0.73a

12,7 0.73a 0.75a 0.72a

15.2 0.72ab 0.75a 0.74a

+

Each value is a mean of 18 to 24 replications in a
treatment averaged over the entire growth period.
See first footnote of Table 1.7 for explanation of
letters in table.
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Table 2.8.

Effect of irrigation water on

vegetative index of alfalfa sampled in

thg normalized
1981.

Irrigation

— Harvest date

water 26 May & Jaly ? Aug. 18 Sept.
em  ————— Normalized vegetative index ———————————o
0.0 O.BOab? 0.89%9a 0.8la 0.86a
£y'8 0.80Db 0.89%a 0.82a 0.87a
5.1 0.82ab  0.89a 0.82a 0.87a
7B 0.82ab 0.89a 0.79a 0.87a
Y0:2 0.83a 0.89a 0.81a 0.86a
12.7 0.81ab 0.89a 0.81a 0.86a
152 0.84a 0.89a 0.79a - 0.86a

1.

Each value is a mean of 18 to 24 replications in a

treatment averaged over the entire growth period.
See first footnote of Table 1.7 for explanation of
letters in table.

57



1980 ALFALFA
HANHATTAN, K5

58

3009

2759

2504

/m )
g &

17%
1509

126

DAY HEIGHT (g

2 3 8

N
L\

Fig.

C— LERF -
B sren

0.0 2.5 S.1 2.6 10.2 la.7 15,2 0.0 2.5 S.! 7.6 10.2 12.7 I5.2
HARYE HARVEST 2

s1 1
IRRIGATION WATER (cal

2.1. Partition of total dry weight into leaf
and stem components using treatment averages, in
each of two harvests in [980.

1981 ALFALFA
HANHATTRN, KS

3504

7%

DRY WEIGHT (g/m’
§ 3

C=] Lear
N sven

-

0.0 2. §5.! 7.6 |C.2 12.7 |6.2 0.9 2.5 %-k 7,6 10.2 !2.7 15.2

HRRVEST

VEST 2

IRRIGATION WATER (em)

Fig. 2.2. Partition of total dry weight into leaf
and stem components using treatment averages, in
each of two harvests in 1981.



59

a.c 1 Il | | 1 1 L L [l 1 |
1980 ALFALFA IARIGATION
4 MANHATTAN,KS c—= g'g °m ol
A~ — .1l cm
‘o O~-—7 0.2 cm
L 6. 07 — —x¢ 5.2 cm
o .
< i / ’Q\\
b jﬁ -
=
LI_IQnO- /R /’ -~
o /N P
. // AN —
: ALt / -
- v/ G
Li2. 0- / g?/! A B 8
/
- X L
0.0 1 R AR RR R I Re—F O R AH
0 10 20 30 40 50 60
GROWING SEASON (days)
Fig 2.3. Leaf area intex over time (growing season) in 1980. Ab-
breviations: harvest (H), irrigation (I}, and rain (R). To make

the graph less crowded,

only four irrigation regimes are shown.

1 L e 1 L L 1 L L 1

8.0

e
?

?

LEAF HHEﬁ INDEX

IRRIGATION

H 0-0

B~ 5.1 em i
10.2

15.2

W= =

2. 04 -
4 1881 ALFALFA L
MANHATTAN, KS _
GCHH AIR R R AR AR RAR H IRI AR RA R R
"o 10 20 30 4o 50 80 70
GROWING SERSON (days)
Fig 2.4. Leaf area index over time {growing season) in 1981.

abbreviations, see legend of Fig. 2.3.

For



60

|. 00— — - AT
>
wl 1 o—e 0.0 cnm !
gﬂ 30 A~ A S.1 em i
r : ~-f 10.2 em

b —1 15.2 em
“_-:u.ao- -
=
f o
sl
0. 701 L
wi
- J
=0. 601 L
o
ry0. SO L
[
T
= 0. U0 L
o 1980 ALFA
o nnnﬂnr"fnu',‘rf?
ZU. 30" jI ; R R gﬂﬁ 'H ; H. : RR ﬁﬁ RH_ R R R H R
0 10 20 30 40 50 60 70 80 90 100

GROWING SEASON (days)

Fig. 2.5. MNormalized vegetative index over time (growing season)
in 1980. For abbreviations, see legend of Fig. 2.3.

1.00 “TRRIGATION |
>
w o—e 0.0 cn ]
%0.9& A~ A 5.1 em i
= T~-/ 10.2 em -
ol ’— | %ﬁ@
=.0. 80 -
= ]
E ) -
0. 701 L
wl
m o
(W]
= 0. 601 B
8 L
0. SO+ -
i
é o
0. 40H ' ‘ -
@ 881 ALFALFA
o Innuhnr!r;uhfs
zo 30 R REIR ) AR AA RAA N IR AR RA A R RAM IRRL AA A

u" 10 a'a 30 4o S0 60 70 80 80 100
. GROWING SERSON (days)

Fig. 2.4. Normalized vegetative index over time {growing season)
in 1981. For abbreviations, see legend of Fig. 2.3.



NORMALIZED VEGETATIVE INDEX

-
=y

Fig.

7.

1

61

R2=0.51

[f=0.77-0.77EXP (-1.46X) |

& EIA ¢

TRRIGATION |
o 0.0 em |

A 5.1 em
m 10.2 cm |

¥ 15.2 cm

20 1 1 ] 1 T { L) 1 1 v

0 1 2 3 4 5 B

LEAF ARER INDEX

Adsymptotic relationship of normalized vegetative index

and leaf area index of all irrigation treatments {subset of

regimes shown to simplify graph}) in 1980C.

>< | L 1 L 1 |

>1.00

a

= J L

=

wl s g

>0085" o -

=i

-

fau . L

— R?=0.50

50.70- [=0.874-0.870EXP (-1.30X)] |

Ll

>

E IRRIGATION

M 0. 559 o 0.0 cm|

tj A 5.1 em

T { 1981 ALFALFA m 10.2 em}|

éé HHNHHTTEN,KS % 15.2 cm

DO-LLG ¥ i T 1 ¥ 1 1 1 1 T

e 0 1 2 3 il S 6
LERF AREA INDEX

Fig. 2.8. Asymptotic relationship of normalized vegetative index
and leaf area index of all irrigation treatments {=ubset of

regimes shown to simplify graph) in 1981.



APPENDIX A

62



ANOVA

AVGTDIFF

C. V.
GDD
GDD2
LAI

RZadj.

Std. Dev.
TOTDW

Vi

VPD

YEAR

&3

GLOSSARY OF TERMS

USED IN APPENDIX A

Analysis of variance

Average canopy minus air temperature differential of
the seven traatments (°C )

Coefficient of variation ( C. V.= a/u )
6rowing degree days

Growing deérae days squared ( i.e., GDb2 )
Leaf area index

Coefficient of multiple determination adjusted for
sample size Rzadj.=1-{ %E%j(%%%)}

Standard deviation

Total dry weight (i.e., stem plus leaf ) kg/m2
Normalized vegetative index

Air vapor pressure deficit ( Kpa )

80 or 81 was used as an indicator variable in some
statistical tests



1980 Canopy Temperature

&4

Regression Statistics

Statistical Model: y=f,+ BX+E

Source of

Degrees of Sum of Mean F-value PxF
Variation Freedom Squares____Sqguare - —
Regression 1 150.805 150.810 -
S54.41 0.0001

Error 39 97.008 2.770 -
Corrected 36 274.813
Total
rR2= 0.6085 AVETDIFF Mean= —4.17
R2adj.= 0.5974 C.V.= -39.89

T for Ho: S5td. Error of
_Parameter __Estimate ___ _ Parameter=0___ _Estimate ________ B>iTi_
Intercept 1.078 1.41 0.7627 0. 16465
VPD -1.259 -7.38 0.0171 0.0001

Estimated Regression Function:s

AVGTDIFF= 1.08 - 1.2&6VPD

Constraints on the equation:

W= {10.2,
plants (see Idso et al.,

12,7, or 15.2 cm irrigation water);

Well-watered
1981) for model development.
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1981 Canopy Temperature Regression Statistics

Statistical Model: y=f,+ B, X +E

Source of Degrees af Sum of Mean F-value P>F
Variation __Freedom Squares___ _Square
Regressiaon 1 178.421 178.421
344,11 0.0001

Error S8__ 30.073 0.5185
Corrected 59 208.494
Total
R2= 0.85& AVGTDIFF Mean= -3.22
rR2adj.= 0.855 C.V.= -22.36

T for Ho: Std. Error of
Parameter __Estimate ___ Parameter=0____Estimate BP2iT:_
Intercept &.189 12.00 0.516 €. 0001
VPD -3.93 -18.56 0.021 0.0001

Estimated Regression Function:

AVGTDIFF= &.19 — 3.93VPD

Constraints on the equation:

W= All treatments were used ( see text );

plants (see Idso et al.,

ilE-,

well—watered

1981) for model development.
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1980 LAI Regression Statistics

Statistical Modelsy=fo+ B,X,+B,X,+ fgXs + £

Source of Degrees of Sum of Mean F—-value PiF
Variation __Freedom ____ Squares ___Square _
Regression 3 120.8008 40,2699
275.06 00,0001
Error &1 8.9300 0.1464
Corrected &4 129.7308
Total
R2= 0.931 LAI Mean= 2.25 STD. DEV= 0.383

R2adj.= 0.918 C.V.= 17.01

T for Ho: Std. Error of
_Parameter Estimate Parameter=0 Estimate__ P>iT1
Intercept -1.6062 —-b6. 469 0.2401 €. 0001
TOTDW 1.2587 25.85 0.0118 0.0001
GDD 0.0151 6.21 0.0024 0. 0001
GDD -3.359 x 1075 -4.18 5.43 x 1078 0. 0001

Estimated Regression Function:

LAI= —-1.61 + 1.26TOTDW + 0.0156DD - 3.36 x 10°GDD2

Constraints on the equation:

0.027 > TOTDW < 0.450
0.2 > LAI < 5.7
87 > GDD < 438



1981 LAI Regression Statistics

Statistical Model:y=fo+ B,X,+BoX,+ BaXs + £

67

Source of Degrees of Sum of Mean F-value P>F
Variation __ Freedom Squares Square _—
Regression 3 o8.7825 19.5942
150.19 0.0001

Error 61 8. 9300 0.1305__
Corrected &4 &&. 78407
Total
rR2= 0.881 LAI Mean= 3.3& STD. DEV= 0.3561
R2adj.= 0.875 C.V.= 10.77

T for Ho: Std. Error of
_Parameter Estimate Parameter=0____Estimate P>iTi_
Intercept -0. 6847 -1.7&6 0.38883 0,0832
TOTDW 10.4432 17.32 0.01459 0. 0001
GDD 0.0117 3.20 0.00365 0. 0022
GDD2 -2.4359 x 10°5-3.27 7.46 % 1076 0.0018

Estimated Regression Function:

LAI= —0.685 + 10.44TOTDW + 0.012GDD - 2.44 » 10SGDD2

Constraints on the eguation:

0.027 > TOTDW < 0.450
0.2 > LAI £ 5.7
87 > 6DD < 438
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Extra Sum Of Squares: An ANODVA method for

testing equalitity of regression equations.

The specific test: To determine if the 1980 LAI
regression equation is statistically equivalent to the 1981
LAI regression eguation. If the equations are not signifi-
cantly different, then a single equation may be used toc de-
scribe the data.

Terminology

Full model:' or unrestricted model, under the null
hypothesis (Ho); assumes the two regression equations to be
equal. Theoretically , the residual sum of squares of the two
individual equations, when summed, is statistically equivalent
to the error sum of squares of a regression equation developed
from their composite data set.

Reduced model: or restricted model ,under the alter-
native hypothesis (Ha); assumes the two regression equations
are not equal. The regression eguation formulated from a
combinatorial data set occupies significantly different sample
space than either data set does individually, invalidating the
null hypothesis.

Symbols used

SSRES: Residual sum of squares ( error; i.e.,
Z{y-9)2).

SSRESBO: Residual sum of squares from 1980 LAI
equation.

SSRES81: Residual sum of squares from 1981 LAI
equation.

CMBR: Residual sum of squares resulting from the
combined data set.
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Information for doing the test

SSRES D.F. N
1980 Model 8.93 61 &5
1981 Model 7.96 61 &3
CMBE@ Model 18.93 126 130

Hypothesis under consideration

Hoz Bogo=F.g1, F180=F181, B,80 =F.81 and .80 = B,g1
Ha: either one, two etc. parameters ‘are not equal

or 4 all are not equal.

Calculations

SSRES = S5E80 <+ SSES81
Full model 16.89 D.F.= (n—pl+{(n+p}
=122
n=N1980
m=N1981

p=no. parameters estimated
in the model.
F combined data set from both years, and
“re-regressed.”
=18.98

SSRESReduc ed mode

F-test statistic

=[((SSRESHeduced = SSRES A ) / (w+1) (k-l)) / ((SSRESF 0 ) / (D.F. ))]
model mo el model
=3.78 where;
¥= no. independent variables
k= no. of models being compared

P> _{(1— 3 4,122)
> 0.0001

Would reject Ho and conclude, the reduced model is
not as adequate as the full model.

Note:_The results of the test statistic suggest the
two equations differ by one or more parameters
and remain unknown without further tests.



70
To find which parameters ( i.e., slopes )} are

different, another test, the Likelihood-ratio. must be done.
Very simply stated, the ratio test uses an independent discrete
variable {called an indicator or dummy variable} in a equation
containing all of the parameters being tested plus the
indicator variable. All of the data from one year were
assigned one value for the indicator variable and the other
data were assigned another value. In this case, 80 was
assigned to the 1980 data and Bl was assigned to the 1781

data.

The model is:

wheres; XO is the value of the indicator variable.

The method separates equations in coordinate space by
the values associated with the indicator, combining aspects of
regression and ANOVA so that many comparisons can be done
simultaneously. The parameters are compared for non—parallel
slopes; if the slopes are parallel, then they are eguivalent.
I¥ the slopes are not equal; that is, if they have elements in
the same set, these common points are detectable, both
mathematically and graphically. The slope of the line tangent
to a union in a set will be egual to zero ( e.g., %L and %L =03
or, f(x) — gGi)= 0 ). X v

A summary of the results of the Likelihood-ratio test
for estimating the differences between parameters of two
regression equations is in this apendix. A variable like AXB {
A ‘cross’ B )} is a check for non-parallel slopes between A and
B. Single variables check significant differences given that
the other variables are in the model.
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The Full Model: 1980 and 1981 {(combined) LAI Regression

Statistics

Statistical model: y=fo+8,X, +B,X, + f3X3 + X,

Source of Degrees of Sum of Mean F-value P>F
Variation_ __Freedom_ Squares Sgquare
Regression 3 217.172 73.307
480.51 Q.0001
Error 124 189.983 2.151
Corrected 129 236.155
Total
R2= 0.920 LAl Mean= 2.8 STD. DEV= 0.388

R2adj.= 0.918 C.V.= 13.85

T for Ho: Std. Error of
_Parameter Estimate Parameter=0 Estimate _P>iT:
Intercept -1.3956 ~-6.73 0.,02073 0.0001
TOTDW 12.076 33.28 0. 00890 0.0001
GDD 0.0145 7.14 0. 0020 0.0001
GDD2 -3.207 %1075 -7.34 0.00001 0. 0001

Estimated Regression Function:

LAI= —-1.40 + 12.1TOTDW + 0.015GDD - 3.21 x 105G6DD2

Constraints on the equation:

0.027 > TOTDW < 0.450
87 > GDD < 438
0.2 > GDD < 5.7
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Testing the Dissimilarities

between the 1980 and 1981 LAI Regression Equations

Source of Degrees of Sum of Mean F—value P>F
Variation __Freedom_ Sguares Square _______ R
Regression 7 219.27 31.32

226.28 0.0001
Ervor__ _______122 16.89 O XBB e e
Corrected 129 234.16
Total
RZ= 0.928 LAI Mean= 2.80 STD. DEV= 0.372
R2adj.= 0.924 C.V.= 13.28

Degrees of Type 1V

Parameter _ Freedom _____ Sum_of Squares_ E-value P>iF}
YEAR 1 0.0547 3.95 0.0491
TOTDW 1 120.3715 849.56 0.0001
TOTDWEYEAR 1 1.0432 7.54 0.0070
GDD 1 5.0358 34.38 0. 0001
GDDXYEAR 1 0.0817 0.59 0.4440
GDD2 1 5.3457 38. 62 0. 0001
GDD2 $YEAR 1 0.1355 0.98 0.3244

Indicator Variable:

Year as a factor, consisted of two levels:

Factor Level One:

Factor Level Two:

80;

81;

Constraints on the system:

0.027 > TOTDW
0.2 2 LAI <
87 > GDD <

0.450

& WA

-7
38
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Asymptotic Growth Model: Normalized Vegetative Index

versus LAI for the 1980 Growning Season

Statistical model: y=ﬁ°(1— e—kx )+ £

Source of Degrees of Sum of Mean
Variation Freedom Squares Square
Regression 2 29.9093 14.9547
Error &3 0.6118 0.0097
Uncorrected 65 30.5211

Total e

Corrected &4 1.2459

Total

R2=0.509

R2ad j.=0.501

Asymptotic Asymptotic 954

Confidence Interwval
" Barameter Estimate __ _Error _Lower Upper
Bo 0.7690 0.0194 0.7302 0. 8079
LAI 1.4617 0.1451 1.1717 1.7517

Estimated Regression Function:

VI= 0.769 — 0.7&Fe—(1.46LAD
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Asymptotic Growth Model: Normalized Vegetative Index

versus LAI for the 1981 Growning Season

Statistical model: y=3°(1_ e—kx )+E

Source of Degrees of Sum of Mean
Variation Freedom _ Sguares — __Sgquare__ _
Regression 2 21.6238 10.8119
Error 28 0.0281 0.0010
Uncorrected 30 21.46518
Jotal o
Corrected 29 ‘ 0.0555
Total )
R2=0. 495
R2adj.=0.477

Asymptotic Asymptotic 95%

Confidence Interval

Parameter ___Estimate Error Lower Upper
By 0.8736 0.0088 0.8557 0.8916
LAI 1.3402 0.11565 1.1015 1.5789

Estimated Regression Function:

Vi= 0.874 - 0.874e"(1.34LAD
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AVGCT
AVGTDIFF
LA

LAL

LDW

GDD

N_VI

DBS
REF_IR
REF_RED
SDW

TAIR

TOTDW

VPD

NOTE:

GLOSSARY OF TERMS

USED IN APPENDIX B

Average canopy temperature (°C )
Average canopy minus air temperature (00 )
Leaf area ( cm?) |

Leaf area index

Leaf dry weight ( g/412.9 cm2)

Growing degree day

Normalized vegetative index
Observation number in the data set
Infrared reflectance { 0.63u—- 0.694 )
Red reflectance { 0.76u— 0.904 )
Stem dry weight ( g/412.9 cm?2 )

Ambient air temperature at the time readings were
taken (°C )

Total dry weight ( g/412.9 cm2 )
Vapor pressure deficit ( mb )

Irrigation treatment ( inches of water )}

To convert dry weights from raw data collection

form ( i.e., g/412.9 cm? ) to standard metric form:

1) to g/m2 , multiply by 24.21,

2) to kg/m2 , multiply by 0.02421.

17



LEAF AREA AMD RELATED DATA FOR 1980 8

OB 5 JATE LCw SOwW TCTDW LA W GDD LAT
1 300617 3,30 3.27 6457 543,80 86, 94 1.31703
2 870617 EF-L bo2% 4.83 733.77 86.94 L.777L1L
6 800617 2.73 3.52 6.23 489,10 86, 94 l.13611
7 833617 240 3.40 5.89 42136 86,94 1.029045
8 BOO6LY 1,93 3.00 4,93 285.17 86. 94 0.69065
9 803617 1.99 230 4410 325.67 86,94 0.73874
10 800617 363 4olb 779 596433 Bbe 94 lo44425
11 800617 3.30 2495 6a25 62674 8é. 94 l1.51790
12 A99617 4460 3. 60 B8.29 941,50 86.9% 2.28021
13 800617 l.6¢ 1l.44 3.10 30%.990 B6.94 Je TSUS4
14 802617 . 3.70 “s17 T.87 612,02 86.94 1.48225
15 800617 3.40 1.96 S5.3¢& 554463 86.94 1.34326
16 aidel7’ 2090 2.73 5.63 4334 86,94 loD4224
17 820617 3.55 3.20 ¢ 615 621.59 86,94 1.50543
18 80062 & 4,99 3.81 B.a9 1432.93 177, 78 3.,39678
il9 802624 Sele3 5.2 10.43 1328.65 177.78 3.21785
20 800624 470 4206 8,76 1532.34 177,78 3.71116
21 800624 3.85 3.80 Teb5 1046.75 177.73 2.53512
22 BI3624 8.0¢ 8.35 léodete 233¢&.38 177.738 5.465848
23 303624 5,55 5.58 11.13 1652.77 177.78 4,00283

NPV NSEFNOIVMBY N PO~ NNV W =P~ WNVWUN FOOW

24 807624 3.68 2.52 6,20 502,73 177.78  ° 1.217%6
25 800627 6458 6+25 12.83 1545, 89 229.17 3.74398
26 amez27 5.6C 6455 12.15 1259.60 229.17 3.050¢2
27 812627 -1 Te36 14,02 1789.79 229,17 4.32408
28 873627 5.72 630 12.02 1272.57 229.17 3.97718
29 810627 434 4y 20 8.74 1448.82 229.17 3.5284%
30 anee2 7 Tl EXL ) 17.27 2256082 229.17 S5.46578

i 81627 3.85 3.42 7.27 693.16 229.17 l.6787&
32 800&27 147 1.09 2.56 454,58 229.17 1.10094
33 812627 l.8¢ 2.35 4.21 631.61 22%.17 la52%69
34 807701 6.l5 bo49 12.64 1402, 79 291.587 3.39741
35 43701 Tl ToT8 15,12 192€6.30 291. 67 be 66529
3¢ 837721 5.22 5.54 10.76 1246.63 291.67 3.01921
37 800701 T2  TaTl 14,95 2064.09 291,67 4499991
38 810791 6.33 677 13.19 1718.11 291.67 4.,16108
39 8023721 4443 4,79 9,22 1137,98 . 291.67 2.75607
41 300722 034 l.4d 2439 351l.1% 226.11 Q85042
4“2 800722 Delele Q.68 l.12 92.65 " 2260 11 0.22439
43 820722 1.36 1,97 3.33 369,53 5 226,11 C.89496
b4é4 ‘800722 . 3.23 3.78 Te01 T76.61 ] 226011 1.88067
45 8an722 2.87 346 6,33 T15.95 3 226411 1.73395
&8 802722 nN.67 l.00 167 188,07 1 226411 045549
48 823722 2064 3.02 5.00 497,69 1 226.11 1.27535
49 goo722 l.0é 2.19 3.85 323,16 & 226011 Q.7B2648
590 BON 728 6615 6450 12.65 1691.90 (-] 398.89 40097640
51 300728 2485 2,707 555 749,01 1 308.89 l.81402
52 gon7Tzs 4480  4.95 .79 1262.51 3 308.89 3.05767
53 a0d728 675 7.95 l4.70 1930. 86 5 308.89 4.6T634
54 BoyT28 2.50 1.70 4,27 398.00 i 308,489 J.963291
55 800728 3,13 3.33 belf) 853.28 2 3u8.89 2.07866
57 823728 5.7¢ 5.90 11.69 13645.36 & 308.59 3.25832
sSe 300728 1.05 1.40 3.08% 424429 & 308. 89 1.0275%
59 anganl l.22 1.7%9 2020 137.52 J 378.73 0.31611
63 3204831 3.25 3.53 6,80 524.47 2 378.73 l.27021
61 8N7A8J1 2,30 2.00 4430 271l.19 1 378.73 Q. 65675
62 833371 5.55 6. 55 12.12J $84.95 5 378.73 238544
o3 300801 5,45 T.05 12.50 1308.46 2 378.73 3.16895
b4 839801 6.0 bs40 12.49 1281,.87 & 378.73 3410455
65 333401 5.60 T.30 12.99 1245,72 3 378.73 3.01700
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DATE

30Q41%
330617
800417
800417
8004817
800417
800617
800624
490624
8004624
800624
800624
800524
800524
400427
8004627
894627
800427
890627
800627
8004627
80474l
aaarol
gog7al
8ga7al

8qaTQl’

8og7ol
8090701
80a722
800722
89¢722
soavaz
804722
8aqgvzz
800722
80Q728
800728
sog72s

800728 .

800723
400728
800723
L LT )
sacaal
80gaql
jgosay
80N8ql
doqgaal
daasaql
8Q0sls
8ogais
soasla

AVERAGE REFLECTANCE VALUES FCR 1989

NeOOwdrwuNCAGTBLIrFONFQEFEMIPUNFQIPBVPWUWNFOoOTVSFIWUWNFODVSPUNIFOCWPPWVLNFDG X

- TIME

1330
1339
1330
1330
1330
1330
1330
1430
1430
1430
1430
1430
1430
1430
1125
1125
1123
1123
1125
1123
1125
1425
1423
1425
1429
1625
1425
1425
1620
1429

1420 -

1420
1420
1420
1420
1500
1500
15ac
15Q0
15q0
1500
1500
1530
1530
L1530
1530
1530
1530
1530
1330
1330
1330

REF_RED
0.134629

Q106793

0112414
0.11197%
90115893
3105459
0.115893
B.C70612
0064 900
0.C£53899
R.066078
8.065T724
0.065638
Q. 064929
Q.C70896
0.0550Q%94
3.064958
J.066218
2.066863
0.065510
0.0866723
0.13841l4
Q127941
Q126437
0.120260
0. 129690
0.122 408
80.119991
Qe 140449
C«109301
J.399032
Ce £99447
g.091948
0.09%3148
Q.384399
0.118297
0.082153
0.C62732
Q. 064795
0.063519
0.061355
Q.061447
Q.086306
J.CA7124
2.0%6834
Co054 853
0094522
0.0%83227
3.0%53481
8.109711
0. £92913
0.097034

REF_IR

0.491271
7.435367
0.395480
0.382768
0.360149
0.387336
2.365819
0461594
0.551638
0.547244
0.557264
0.546812
0. 544348
9.557826
0.495103
0.43%870
0.403774
J.437446
0.631327
0.631626
0.5619692
0.637044
04775943
0.839660
0.885597
0.858098
0.918745
9.863357
0.413712
0.453650
0.462470
0.448196
0 446956
00464502
0.427964
0.340841
0.436757
0.488389
0.516216
0.477327

"3.50576C

0.50664Q7
0.355942
Je4CJ43S
Teh6898]1
0.4758812
0.471014
0.484528
01.5057372
0.380273
0409786
Q.414055

N_VI

Je458723
D.583244
0.554548
0.544237
D.513742
J.568728
0.514354
0726498
2.789397
0.7907353
1.787886
D.78%9364
J.784658
9.791593
Q.738044
2.8055Q3
J.805054
J.811728
J 808439
0.810837
J.805352
0630143
Je708438
d.732582
1.753839
J.751a58

VTEH3867

D.T567568
Jo294186
Je801929
V5644978
0.550258
J.657789
0.659083
Q.64648190
JeoBT865
) 645375
3.771899
Qe 775899
J.761960
J.783488
1.782291
3+ 596447
0:.896993
9. T80850
0.794163
9.738892
J 799843
Ue806834
Y.546329
086274683
J.620821

19



o8BS
53

59
56

58
59
60
61
62
63
&
&5
-1
a7
53
a9
70
71
12
13
Ta
9
16

DATE

8040313
3804818
80Q813
8gcals
aqQqgaao
acqazo
800az0
400820

800820 .

800820
300820
800826
80gsaé
anoazs
8Qg0aze
300828
8Q00aze
8oqgaze
gacsaz
§00902
800902
800502
800902
400902

AVERAGE REFLECTANCE VALUES FOR 1980

CcrWwNCCFOCV PNV PUNEOC-BASW T

TIME

1336
1330
1330
1330
1530
1530
1330
1530
1530
1530
1320
1151
1151
1151
1191
s
1121
1151
1345
1345
1345
1345
1345
1343

REF_RED

4.693517
0.091 942
0.C98924
g.L39029
0.073481
Q.061121
0.063481
0.Ca1976
0.062183
Q063 894
0.060973
J3.083274
Qe 065130
N.C64539
0.0863508
f.C63652

C.3436525
Q.0£46 277
0.0304225
00560 563
0.,0802817
0.0518310
0.0519718
0.08467608

REF_IR

Qasl0265
Q.612044
0.424445
Q495810
Q.3805780
O.437448
Debdes 295
O.4428481
Qes35844
Q.449244
J.02TBUS
Q.415848
0.5154%8
Q.5661481
0.5844628
Q8577852

0.570227
0.5848188
0.359350
Q486175
0695691
0.51788¢
9.543902
0.58817S

N_VI

0.428071
J.6357%9
0.420438
)e64Q371
QebbTIH2
2753072
Y.753328
Q754416
2.7%3317
0.7%0379
1.7%22738
Q654843
0.773428
)e795193
0.803797
2.8Q129"

0.798853
D.801290
Q.634254
JaT793240
J.818964
J.318047
0.825341
0823434

80
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O -0 W 5w

DATE

800617
800617
800617
870617
800617
800617
800617
803624
890624
800424
800624
800624
803624
800624
800627
800627
800627
800827
800627
800627
8092627
800701
gog7al
800701
3800701
800701
800701
8047C1
200722
800722
800722
800722
a94a722
800722
890722
80araa
800728
809728
800728
809728
800728
804Q728
8298401
800801
890aal
8008401
800831
803a4dl
800801
sooala
800818
800418
a00gq1is8
800818
800818
800318
80081s%
800819
809819
800819
8049819
8ogal9
8Q082g
800820
800829
820829
8003240
800829

AVERAGE CANCPY TEMPERATURES FOR 1580

X

VMPUNFOrPUNFOCVPW N VP LN VPULNFOCVMSIUNFOPVFLUNFOCPVPLUNEOTVPUNHFOCTBMSWN~O

TIME

1246
l246
1246
1266
1244
1246
1246
1430Q
1439
1430
1439
1439
1430
143Q
1238
1235
1335
13358
13358
1335
1335
1330
1330
1330
1330
1330
1330
1339
1420
1420
1420
1420
1429
1420
1420
1520
1520
1520
1520
1520
1520
1529
1400
1400

- 1490

1400
1400
1409
1400
1200
1200
1200

1200

1200

1200
1200
1417
1417
1240
1240
1240
1417
1345

1345°

1345
1345
1345
1345

VPO

20.43
20.43
20.43
20.432
20.43
20.43
2043
27.31
27.31
2T.3L
27.31
27.31
27 .31
27.31
68,83
68.83
68.83
68,823
68.82
68.83
68.83
55.3C
55.20
55.30
35.29
55,30
§5.30
£5.290
32,55
32.95
32.55
32.95
32.95
32.95
32.95
61.80
61.80
61.80
6l.80
6l.89
61.4840
61.80
57.59
57.59
57.59
5756
57.59
57.59
57.39
33.07
33.07
33.07

33.07
33.407
33.07
33.07
38.99
38.99
38,59
28.55
38.99
38.99
23.9%
23.5S
23,599
23.59
23.99
23.59

TAIR

25.48
25.8
25,8
25.8
25.8
25.8
25.8
33,8
33.6
33,4
33.6
33.6
33.6
33.48
4l.1
4l.1
41,1
4l.1
4l.l
41,1
4l.l
38.9
38.9
33,9
38.9
38,9
38.9
38.9
29.7
29.T
297
29.7
29.7
2G.7
29.7
39.4
3G.4
39.4
39. 4
39.4
39.4
39.4
39,2
39,2
39,2
39,2
39,2
35,2
39.2
33.9
33.9
33.5%

33,5
33.9
33,9
33.9
34,7
34.7
34.7
34,7
34,7
34,7
30.8
32.3
30,8
39.8
30.8
39.8

AVGCT

37,8833
28,2333
2B. 4504
29.8A33
29.4333
26,9599
292333
31.55%0
30,4530
30.4333
30,4833

© 30,1500

37%.3030
33.7333
37.85)9
35.6167
34,9167
32.852Q
33.1333
32,8833

- 32,5833

37.7333
36,2500
35.4500
33.2187
33,2020
32,7933
3l.2667

34,8000

31.5667
29.6333
29,3333
29,2667
29,9333
29,4333
39,8607
37.7090
34,0667
33,2167
33.2167
32,5500
32.1833
38.2500
37.80340
35,4333
3463000
34,9331
34,1000
33,3333
32,0667
32,2607
31,8833

32,0800
31.9333
31.8500
31.9833
35,1000
33.6Q1C
32,2390
31.3000
31.732¢
32.8000
31.56833
3J.8510
31.3£67
38,6004
3J.0333
3).8167

AVSTDIFF

5.2833

2.,4333
26500

3.3833

3.6333

1.1500

3.4333
=2 +J3500
-3-1500
=3.1667
=3.1167
=3.4500
=3,3000
=2.8667
=3,2500
-5,4833
-6.L333
=3,2529
=T 9667
fBQZLGT
-8 .,5167
=1.16&67
=2.6593
=3 ,4500
-506553
=5,7000
=6 2300
=-T.4333
5.1000

1.86467
- .0607

Jal333
-d,4333

0.2333
=0.2667

0.2687
=1,7009
=5,3333
=5.1833
=$.1833
=5.7500
=T.2167
=3.9500
=1 4000
-3-5657
‘4.2&&7
=5,1000
=5.8667
=1.2333
=1.6333
=2.0167

=1.8503
-1-9&67
-2.0500
=1l.9187
. J.4000
=1.1040
=2.5000
=3,4090
=3.0290
=1.,9000

J.8833

0.05049

Q.5667
=3 -2900
-O.?bé?

J.0167
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&9
70
T1
T2
73
14
75
76
7
78
79
ag
a1
az
a3
84
&s
86
a7
as
a9

91
§2
93
94
95
96
s7
98
99
100
1a1
102
143
104
1408
106

DATE

8004820
800825
80Qaz29%
400825
800825
80gazs
800825

- 800826

809824
800828
joos26
400826
Bo0a2s
800826
8040827
800827
800827
a00az27
800827
400827
8aQ829
80gQ829
800829
800829
800829
B0Q0azs
80Qa3q
800830
800830
800830
800830
800830
300902
8009402
800902
8339402
300902
80gQ9az

AVERAGE CANOQPY TEMPERATURES FCR 1980

CrUNHOPILUNHOPIWNROCFWRNHCLOCVSUNFHOEGFWNHEOS =

TIME

1345
1320
1320
12320
1230
1230
1320
1100
1100
1100
1100
1100
1100
1100
1200
1200
1130
1130
1130
1200
1500
1500
1500
1500
1500
1500
1530
1530
1530
1500
1500
1500
1200
1300
1300
1230
1230
1230

VPD

23.99
48,78
48,78
48.78
48.78
48,78
48.78
41.07
41.07
41.07
41,07
41.07
41,07
41.07

9.78

9.78

9.78

9. 78

9.78

9,78
46.18
46,18
46,18
46018
4d.18
46,18
28.42
38.62
38.62
38.62
38.62
38.482
24 .85
24085
24,85
2%.85
24,85
26 .88

TAIR

30.8
36.7
36,7
36,7
3647
36,7
3647
344
344
34 %
4.4
344
34,4
4.4
26.%
2hek
24.%
240k
2%.4

- 35.4

35.6
35.6
35.46
38.6
5.8
ER R
beb

‘34.‘

3444
3404
3444
31.1
3l.l
3l.l
3l.1
3l.l
3l.l

AVGCT

29,9667
36.1000
36,1000
32.0900
31.4000
30,3000
30,6000
31.0333
39,1833
28.5500
27.8167
27,5333
27,3167
27.3500
23.7000
23.1000
23.00040
22.4000
22.5000
2203000
37.9000
37.2000
35.2000
33.000¢Q
32.1000
32.00290
25,2000
25.5000
25.3000
243000
24,2000
23.3000
28.7T000
28.56000
28,3000
27.2000
27.2000
27.3020

AVGTDIFF

-0.833
=0.4600
=0,400
=4, 700
-%,300Q
-6-#00
-&-100
=3.367
=ha217
=5.,850
=6.867
=T.083
=-7.050
=0.,700
=1,300
=1.400
=2.,000
=1,900
=2,100
2.300
1.5600
=0.400
-2.600
=34 SOQ
=3.690
=9,100
‘=8, 900
=g IGO
=10.100
=10.200
=11.100
=2a400
=2.800
=3,900
=3,900
=3.84998
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CATE

3106499
810699
BlD6Qd9
810609
810619
810609

810609 -

810609
810609
810609
810609
81U6409
810639
310639
410617
810617
810617
Bl0617
312617
813617
gl0617
B19617
810617
61618
Bl0613
Blisls

© 810618

810618
8l0sl8
g10618
817618
8412618
810618
810713
810713
alJ7L3
Blu713
812713
B1iNT13
810713
813713
810713
812713
810713
810716
BlaT1lé6
810716
819716
813714
alivle
BlOT1e
81071é&
813718
8107146
810723
8143723
B10723
810723
§13723
812723
810731
8510731
313731
810731
310731

LEAF AREA ANDO RELATEC OATA FOR 1941

LA

1831.15
1Cl4.54
1824457
1465.83
8BB. &4
1545.C8
1358,.53

2218.30°

1788.70
1392.59

8948.03
1500.5¢
1247,.8¢
1996.24
1278.05
1435.19
1546.63
1863444
1756411
1783.24
1672.40
1753.49
1128.51
1640.42
1358.09
14S2.65
2271.70
2154,21
1319.05
1£48.54
1682,.15
1637.83
2G71.60

918.81
1175.01
1£29.99
1976450
11430.38

75T.34

G4be 94

685,54
134%,14

55207
1209.02

972.62

706.02

8a5.19%

981.92
1342.55
1631.33

647 .48
1378.43

535.96
1553.89
1371.23
1720.20

994,132
1563.10
1354 .45
1874448

. 1463.55

2128.15
1102.05
l4d&.5¢
1308.47

x
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LCW

be34%
346
T27
S.28
2.98
S5.67
4 406
T30
6461
4498
3.19
576
4-31
T35
4,56
3.96
4476
65.79
554
6.09
5.58
S.52
327
547
4 .98
5.10
8.03
-y- T
469
Se42
b aleb
6.18
TelS
3.74
S34
4,73
5.23
4 .48
3,39
3.82
313
5.92
2 .57
637
452
3,20
3.22
& o6
4443
5.91
2487
605
2465
5627
he26
5,77
2.86
4,74
4,45
679
5.75
6437
3e4b
5.04
3.92

SDW

627
4637
6. 78
4o Bd
2+ 59
Se 84
3.8l
8. T4
66 6T
4e 69
2.82
5.66
4e 10
T« 72
5.56
549
6.93
11.35
T. 46
8.51
9. 15
6e 98
5.09
T30
6. 63
Ts 61
10.106
11.04
S.65
Te36
10«14
Se31
Ge 99
3.45
4062
3.91
5.03
4o JUJ
3.11
3. 58
2+ 36
5.52
2.26
belb
Se46
2.73
3.54
4,02
%556
5.986
2405

© 5o &)

223
619
44 9%
7. 18
3.74
Tei3d
5.74
10.1%
8,67
19.90
5.37
10.02
5429

TOTDw

12.61
T.53
14,05
10.1¢é
5.57
11,51
Te87
16 .34
13,37
.67
65,01
11.42
8.91
15.06
l8.12
F.45
19.79
18.14
13,16
16,62
15,13
12.50
8.30
12.77
1l.561
12.71
18.19
17.83
10.54
12.78
lﬁ-b':
15.49
17.14
Ta19
9.96
B.04
10.26
8.48
E5.%3
Tead
5.49
Lload
4.383
12.33
9.98
5.93
6a 76
8.08
8,99
11.37
472
11,65
4.88
12.46
9.20
12,95
6.64
11.97

. 10.19

16.93
léa42
17.27

8.43
15.06
13.21

GGLC

173 .82
17082
17C.82
170.52
170.8z2
170.32
17C .83
170.82
17C.82
170.a82
170 .02
170.83
177.83
170.83
27167
271 .67
271.67
27187
27L.67
271867
21le07
eTl.67
211.67
2B3.33
283,32
283 .33
285,32
283,32
ZE3.32
233,33
282,33
283,33
283,32
118.61
118.81
1l8.01
lld .81
118.0i
l1l8.61
11l8.61
ll8.o6l
11,61
118.61
118.481
170 .5¢
1T .5¢
170.5¢
170.5¢
170.5¢&
173.5¢
170 .5¢
17u.5¢
173.5¢
170.5&
278.81
278.61
278.61
278.51
27881
2180l
383.33
3E3.33
283,33

"3E3.32

2EZ .32
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LAl

4 43485
245711
4441588
3.549€&0
2.15219
2.7EL71
3.29.18
5.37249
4433204
3.27271
217493
2.£3420
3.02218
4eE34él
3.u5536
3.417588
3.74577

«£1305
4,28311
4.316582
o .C 5')38
4 ,24677
2.72410
2.97292
3,.2E915
3.£1E814
S.5C1a2
£l.21727
315460
2.5%35¢
407299
2566485
§5.,321720
222478
2 £4575
2ol 409
24860717
2.76.88
1.82420
2.2933%
l.86118
3267467
1.337C5
2.52812
2.385538
1.7C5S1
2014384
2.374811
2452591
2.55991
le5&813.
3.,33357

« 265886
3.7£338
332087
4,16al4
2407648
3.7E5¢8
3.27721
4053982
3.54456
5.15415
2.££535
3 .84012¢
5.1E546
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DATE

816135
8123609
810&0S
819609
8134405
810649
810649
810617
B12617
810617
810¢&17
310617
810617
812617
8140625
810425
810625
810625
813625
8l0é&2s
817625
810713
813713
810713
810713
813713
810713

. 810713

810818
810818
gloale
B1081lE
gLaoale
glo8Le
313818
810825
810825
812825
810825
810825
810825
812825

al108z2s .

810829
810829
81082s
810829
810829
a1oaz¢9
819912
810s12
gloglz2
810912
8laslz2
a19912
810912

AVERAGE REFLECTANCE VALUES FCR 1581

=

CUSL L NFOCUVMPFPFLUNFOCVLFURNFOCVMPFUPNFOOCWVMFLNFODVMPURNFOOCWFLUNFOOCWMPWVLNED

TIME

1430
1430
1430
1439
1430
1430
1430
1200
1290
1200
1200
1200
1200
1200
1100
1100
1100
1100
1100
1100
1100
1100
1100
1100
1100
1100
1100
1100
1020
1020
1020
lo20
1920
1020
1329
1525
1525
1525
1525
1525
1525
1525
1245
1245
1245
1245
1245
1245
1245
1359
1359
1359
1359
1359
1359
1359

FEF_FED

Je4228389
0.0394737
C.0405702
Je0410453
0.C413743
J.0421 784
J.04le108
J.0384115
0.0274023
0.0285742
QJ.0282161
Q.8369141
J.0385417
J.C390825
00330447
0.0325758
0.0327922
J.3334416
V.03338654
J,C218903
0.0233694
0,0477333
N.C0430333
D 0442030
Q.0477333
C. 0444000
0.C445000
0.04473352
0.0480114
J 0456676
.0476432

- J.C465196

Q.0491477
0.C0473409
0.0465999
30374157
0.5376434
Q.3289139
Q. C3To4d4
7.€293633
0.0280150
JeG3T6404
Q,C%06 138
Je 0365692
2.0357285
0.0354291
0.C433141
0.0345642
0.0375250
0.3281739
0.0287992
0,0£381739
€.C290807
0.C292543
0.0289869

Jeu289556

REF_IR

0.595111
Q.580667
JeHN3T778
N.599778
0.610222
J.b14885
1) 592222
J.686653
0.713948
0.732977
9.736538
Q.T2J961
0,.728527
0.742323
Oeb45145
D.666917
U.6T73173
JaT1l461
NeT1ll962
i) eb 8180
q.726727
0.453883
N.438654
Jee3G31
Je4l3las
N.424142
Q.416887
U,.389622

QeaToBEL

J.515736
J.483662
JeuTN826
2 o‘!?é&bl
Ne458887
J.415619
J.513848
2.53)972
N.51773¢
O.499514
VeT4499
0.496113
J.4638400
71.524042
1529344
2.525265
0.53076¢
2.578159
U«52445Q
D.496536
ce 553015
0.57315C
J.562760
0.57143¢
2.575852
0.,587074
0.582254

N_VI

J.365311
1.471983
J.373718
D.371479
H5.373015
D.87162J
J1.A86912)
16894349
J.993019
0.90006438
2.901317
0.902535
Je899462
7.900037
052564
0.,907037
1.910212
Je913352
De912612
Je912139
0.811614%
J.315668
Jo817693
Je791951
J.329954
0.306617
JeT732241
0.816997
).337229
)ed20863
J.819839
1.81299¢
0.409235
7.796884

J.36%163"

)e3d55866
Je8613252
Jed55645
Je846429
Q.357438
Ne844525
38563053
N.37)323
Je872521
Ue8T74918
Je843430
J 875944
Jed53584
1.923943
De934295
Ve 9D4E6NE
0303159
19232923
0.905020
N 905254
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DATE

310619
813639
319609
810609
8196465
8106409
8106409
8lLo617
810617
810617
810617
813617
8l0617
810617
810624
810624
810624
810624
810624
810624
810624
819713
810713
810713
810713
813713
810713
810713
grosla
a10818

810818

810818
810818
810818
gloala
810321
arasazl
8loazl
8lnazl
8lLgoazl
813821
gloa2l
810827
810827
glaos8a7
10827
aLcsag

819829

810829
810829
810829
810829
819825
a10sca
810908
8139428
8109438
a139¢s8
8109C8
819548

AVERAGE CANCPY TEMPERATURES FCOR 1981

cwmPwiNr-ocowmbuwpmpr~oDESIrNOCBPLNFROCVFRNFOCWVRHRBNFOOVPULUNFOOTVSIWNFROOCTUBLPWNEFDOD ¥

TIME

1529
1500
1530
1500
1599
1520
1530
1190
1100
11929
1100
1100
71100
1100
15390
1530
1530
1530
1530
1530
1530
1910
1010
1910
1010
1010
1910
1010
1540
1549
1549
1540
1540
15490
1540
1530
1530
1530
1530
1530
1530
1530
1500
1500
1500
1500
1130
1130
1130
1130
1130
1130

1130
1141
ll4l
1141
1141
114l
1141
1141

VPC

23.26
23.26
23.26
22,26
23.26
23.26
23.26
27.58
27.98
27.58
27.%8
27.58
2T.58
2T7.58
39.70
30.70
39.70
30.70
30.7C
32.70
30.70
25.32
25.3C
25.3¢C
25.3C
25430
25.30
25.30
18.10
18.10
18.10
18.10
18.10
1d3.19
18.1C
26442
26442
2642

26.42 °

26042
2be42
2b.42
13.94
13.94
13.54
13.54
23.186
23.16
23.16
23.186
23,16
23.16
23.186
22.31
22.31

22.31

22.21-
22.31

224321

22.31

TAIR

35.¢
35.¢
35.6
35.6
35.6
35.¢
35.¢
26&.1
2601
2€.1
2&-1
26.1
26.1
2€.1
34,7
3417
34,7
34,7
34-7
347
34,7
33.1
33.1
23.1
33.1
33.1
33.1
33.1
23.9
23.9
23.5
23.5
23.9
23S
23.9

.28.1

28.1
28.1
29.1
28.1
2B8.l
28.1
239
23.9
23.%
22.9
29.%
29.4
294
29.4
254
294

294
244
2uet
24.4
244
244
244
244

AVGCT

32.44833
32,209
31.8531
32,2333
31.7292
32.3000
32.2332

21.8833

21.9667
21.9167
21.5157
21.8167
216330
21,6332
28,9167
29.06467
28 .5667
2843157
2342323
23.‘!6D7
23.32320
258.7833
23,8000
29.8539)
28,8667
29,1002
29.7667
29.0000
23,4667
23.8187
24,0232
24,3223
23,2320
240833
23.8833
2446332
24.9667
24,4570
24,7333
246667
24,7667
24,7000
24.1022
24,1030
2360400
24435017
25.55u0
25,4097
25.+3030
25,0667
25.4526G
255000

25,3833
22.8500C
22.50)9
22.2333
22.5333
22,0353
22,2011
22.4529

AVGTDIFF

-3. 1167
- «%J0)
=3.7500
-3.3667
=3.9J22
=-3.3000
=-3.3667
=4.2167
-4,1333
-4,1833
-4,5333
-4.2833
"‘Pc 5'—)00
-4 o466 7
-5 7833
=5,6333
-611333
-6,3833
-ﬁ-%b}'
'b-2353
- 4i))
-4.3].67
"‘003000
=44 2500
-4,2333
-4-0031
=4,3333
-},4333
-,0833

7.1333

0.4333
"\J 'T‘J‘;'J
" J.1433
-3 « 4667
-3.1333
=3.659)

" =3.4333

=3.3333
=3.4J00

J«2909

N0.29233)
=2.3331

N.453)
-3,8590
-4.0’300
=4,1300
=4%,3333
=3.9593
=3,.900)
-4,0167
«1.,7592)
=1.999)
=-2.1567
=1.8607
23067
=2.21139
=1.95J04
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Growth, Cancpy Temprature, and Spectral Reflectance

of Alfalfa Under Different Irrigation Treatments

by

David Ernest Johnson. Jr.
(Under the supervision of Drs. E.T. Kanemasu and M.B.

Kirkham?

ABSTRACT

Alfalfa (Medicago sativa L. “Cody’) was grown under
seven watering regimes to determine the effect of water on
growth, canopy temperature, and spectral reflectance of
alfalfa in the Southern Great Plains. Irrigation water (0,
2.5, 5.1, 7.6, 10.2, 12.7, or 15.2 cm) was added after each
of three harvests in both 1980 and 1981. Throughout the
growth periocd in both years, leaf area, stem dry weight
(SDW), leaf dry weight (LDW), soil moisture, canopy temper-—
ature, and crop reflectance were measured. Soil moisture,
leaf area, canopy temperature, and reflectance were analyzed
using, respectively, a neutron—-attenuation probe, an optical
scanning meter, an infrared thermometer, and a hand-held
radiometer. Vegetative yield was determined at harvests in
July? August, September, and November of 1980, and May,

June, July, August., and Eeptembe} of 1981. Variation in

weather between the two summers enabled a comparison of data



from a sttessad year in 1980 with those from a wet vear in
ieal.

In 1980, non—irrigated plants usually had the lowest
vield, and plants irrigated with S.1, 7.4, 10.2, 12.7, and
15.2 cm water generally had significantaly higher yield. In
1981, vield of non—-irrigated piants‘uas similar to that of
irrigated plants. The ratio of LDW toc total dry weight was
about one—half, and this ratio remained relatively constant
between irrigation treatments and vears.

In both 1780 and 1981, the relationship between
canopy—minus—air temperature (Tc‘ Ta} versus vapor-—pressure
deficit {(VPD} was determined for well-watered alfalfa. In
the dry yvear of 1980, irrigated plots had cooler canopy tem—
peratures than did dryland plots, but differences in temper-—
ature due to level of water added were not apparent. In the
wet year of 1981, differences in canopy temperature due to
treatment were not evident. In both the dry year and the
wet vyear, Tc = Ta was inversely related to VPD.

A normalized vegetative index (VYI), cbtained by
calculating a ratio of the difference of thematic mapper
bands TM4 (0.7& toc 0.90 um) and TM3 (0.463 to 0.6% um) [(TM4
- TM3)/(TM4 + TM3) 1 was directly related to leaf—area index.
In 1980, dryland plants had the lowest VI, but differences
due to amount of irrigation water added were not evident. In
1981, there was no significant difference between VI of

irrigated plants and dryland plants.





