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ABSTRACT 

The effects of irrigation timing and planting dates on guar, 

Cyamopsis tetraaonoloba (L.) Taub., were studied at the Marana Agricul

tural Center, University of Arizona, during the summer of 1983. The 

purpose of the study was to determine the optimum amounts and timing of 

irrigations for maximum seed yields of five guar lines and one germplasm 

line, and evaluate two planting dates. 

Pour irrigation treatments were used based on plant growth 

stages. Water stress was induced at the different growth periods of 

vegetative growth, initiation of flowering, pod set and pod fill. 

In the June 1 planting, no significant irrigation treatment 

differences occurred. Treatment D produced the highest yields for all 

lines tested. Treatment D consisted of an irrigation to maximize 

vegetative growth, again at initial flowering, and a final irrigation 

during the pod fill growth stage. Kinman was the highest yielding line 

within all irrigation treatments. 

In the July 6 planting, treatment B produced the highest seed 

yields. Treatment B consisted of an irrigation at pod set and again to 

complete pod fill, yields were reduced by approximately 50% in all 

lines when planting was delayed from June 1 to July 6. 

vii 



CHAPTER 1 

INTRODUCTION 

In the southwestern United States, guar, Cvamopsis tetraqonoloba 

(L.) Taub., has been grown commercially for a number of years. The main 

harvestable product of guar is the seed whose endosperm contains a 

galactomannan gum which is most often used as a thickener, binding 

agent, flocculant, or lubricant in many industrial and food uses. 

World demand for guar products have been somewhat cyclical, since 

one of the primary industrial uses of the gum is in the petroleum 

industry. Here it is used as a viscosity control agent and lubricant in 

the drilling muds. Presently, there is a petroleum glut on the world 

market and therefore a lesser demand for guar products than in recent 

years. However, when demands for guar products are high, traditional 

suppliers have had difficulty meeting those demands. 

Guar seed processors are currently seeking new sources of supply. 

The United States consumes a large proportion of available guar gum and 

has traditionally been forced to import more than domestic growers 

supply. 

Guar is a summer growing annual grain legume which has been found 

to be extremely drought resistant as well as salt tolerant. Guar 
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prefers a very hot climate (Jackson and Doughton, 1982). Currently the 

main production of commercially grown guar within the United States is 

in areas of Texas and southwestern Oklahoma where generally it is grown 

under dryland conditions. 

The irrigated areas of the southwestern United States are 

currently undergoing major modification to present agricultural produc

tion methods. In many regions, pumping costs have risen dramatically 

and few areas will be unaffected in coming years. Also many irrigated 

areas are facing the dilemma of groundwater extraction exceeding natural 

recharge. Much of Arizona's farmland falls into one or both of these 

situations. 

Growers involved in irrigated agriculture within the southwestern 

United States and more specifically, Arizona, are constantly seeking 

alternative cash crops other than the crops traditionally grown in the 

area. Many of the currently grown crops in Arizona have a substantially 

higher water use requirement than guar. 

One serious detriment to grower acceptance of guar has been yield 

inconsistency. As previously mentioned, the marketable, harvestable 

portion of the plant is the seed. One of the main factors of seed 

production is water, however, high water applications do not necessarily 

guarantee high seed yields. Many times the opposite is true. High 

water applications may promote greater vegetative growth but can result 

in less seed production. This suggests that water application totals 
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may not be of importance but the timing of those water applications is 

critical. 

Because of guar's low-water use characteristics, high-temperature 

requirements, and high-salt tolerance, the Crop warrants further inves

tigation to obtain more information than that currently available to 

prospective growers. 

CfrlecUve? 

1. To determine the optimum amount of applied irrigation water 

to maximize seed yields. 

2. To determine the optimum timing of applied irrigation water 

according to key plant developmental growth stages to maxi

mize seed yields, i.e. pre-flowering, flowering, pre-pod 

fill, pod fill. 

3. To evaluate the optimum of two planting dates for maximum 

yields in the southeastern region of Arizona. 

4. To evaluate seed yields of five guar lines and one germ-

plasm line. 



CHAPTER 2 

LITERATURE REVIEW 

Qj§i Pesetiption 

Guar, Cyamopsis tetraaonoloba (L.) Taub. is an annual grain 

legume which ranges from 0.5 - 3.0 m tall when fully mature. Guar lines 

exist in either determinate or indeterminate form. The plant grows 

upright except when excessive vegetative growth occurs which promotes 

lodging (Jackson and Doughton, 1982). 

Guar plant types were described by Hymowitz and Matlock (1964). 

Plants can be either single stemmed or branching. The plants can be 

either glabrous or pubescent with alternate or serrated leaves. Leaf 

forms may be either simple or trifoliate and environmental conditions 

under which the plant is grown seem to dictate leaf phenotype (Sparks 

and Postlethwaite, 1967). 

Flowers originate in axillary racemes. The seed containing pods 

originate in the more rigid racemes and tend to be shatter resistant. 

The pods are usually 4 - 10 cm long and contain from 5-12 seeds each. 

The seed color varies from white, pink, gray or black. The lighter 

colored seed is considered to be of highest quality and the most market

able (Jackson and Doughton, 1982). 

Guar seed has a very hard and flinty seedcoat which results in 

germination problems. The size of the seed varies from line to line and 
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can be influenced by growing conditions. One hundred seeds usually 

weigh 2.6 - 4.7 grams (Kachroo and Arif, 1970), but has been reported as 

high as 6.0 grams (Purseglove, 1968). 

Guar is native to Pakistan and India but has been introduced to 

many other regions of the world. Guar is currently under cultivation in 

Pakistan, India, the United States, Central and South America, Italy, 

Australia, Rhodesia, Nigeria, Israel, South Africa, and many Asian 

regions. Of these, the major producers are Pakistan, India and the 

United States (Jackson and Doughton, 1982). Currently, most guar is 

produced under dryland conditions. In Arizona, guar has been grown 

successfully where 150 to 200 mm of annual rainfall is supplemented with 

500 to 625 mm of irrigation (Dennis, 1977). 

Jackson and Doughton (1982) found seed quality is highest when 

rainfall ranges from 500 to 700 mm. When more rainfall occurs, vegeta

tive growth tends to be excessive at the expense of seed set and pod 

fill. Excessively wet conditions during pod fill stages of plant growth 

tend to discolor the seed and reduce seed quality (Hymowitz and Matlock, 

1961? Allen, 1964). 

With adequate soil moisture, guar usually emerges approximately 3 

to 5 days after planting. The plant grows very slowly for the first 60 

days (Jackson and Doughton, 1982). Guar competes very poorly in its 

initial growth stages and is very susceptible to weed infestations due 

to slow canopy development. Frequent cultivation is necessary for 

initial vegetative growth to develop plant canopy. 
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The first flower usually occurs between 29 and 34 days after 

planting. Indeterminate varieties will continue to flower for 4 to 5 

months or until temperatures subside to the point where growth is 

retarded. Determinate varieties flower only for 2 to 3 months under 

optimum conditions {Jackson and Doughton 1982). Rogers and Stafford 

(1976) reported that flowering is highly influenced by available soil 

moisture and that maximum flowering rates often occurred about one week 

after maximum plant water use. 

Guar will naturally defoliate when senscence begins. Determinate 

plant types will begin to defoliate 3 to 4 months after planting. 

Indeterminate plant types commence defoliation when available soil mois

ture is limiting or low temperatures occur (Jackson and Doughton, 1982). 

Prom the initial defoliation period to harvest is usually 4 to 6 weeks. 

When the pods turn brown and stiff, the seed is ready for mechanical 

harvesting (Hymowitz and Matlock, 1963; Dennis, 1977). Harvest of guar 

in the United States frequently occurs after a killing frost which 

initiates defoliation and facilitates plant drying (Dennis, 1977). Des-

sicants are a means of hastening the harvest to avoid potential wet 

weather conditions which rapidly discolor seed. 

Guar prefers a well-drained soil since saturated soil conditions 

promotes seed darkening which reduces seed quality (Singh, Mital and 

Thomas, 1962? Allen, 1964). Guar growth is best promoted on light to 

medium textured soils. Heavy soils (clay) are acceptable if they are 

well-drained (Poats, 1960; Allen, 1964; Dennis, 1977). Guar prefers a 
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slight degree of soil alkalinity. It seems to perform well in soils 

having a pH of 7.5 - 8.0 (Jackson and Doughton, 1982). 

Product I25SS 

The galactomannan gum derived from guar seed has a wide variety 

of commercial uses. The gum is utilized in industry as a thickener, 

flocculant, binding agent, lubricant and filtrant. A widely used pro

perty of the gum is its ability to hydrate rapidly in cold water and 

produce a highly viscous solution which remains stable over a wide pH 

range (Anon., 1968; Glicksman, 1969). 

In its native Pakistan and India, guar is used as a human food 

source. Young, immature guar pods are cooked and eaten as a vegetable. 

Guar products are also used for various commercial food processing 

additives. For a complete list of industrial and food uses, see Tables 

1 and 2. 

Previous Eield Experiments 

No published information was found on the effects of soil induced 

water stress at different growth stages of guar. Planting date research 

was conducted by Rogers (1973) in Texas where yields were reduced from 

2063 Kg/ha to 946 Kg/ha when planting was delayed from June 8 to July 5. 

However, considerable research has been conducted on water stress 

effects in soybeans and cowpeas which are considered to be similar to 

guar. 
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Table 1. Industrial Uses of Guar. 

I2SS- flpplication. 

Drilling mud 

Secondary oil recovery 

Explosives 

Printing 

Paper manufacture 

Textile manufacture 

Restaurant 

Cosmetics 

Pharmaceuticals 

Mineral refining 

Friction reduction 

Electrodeposition of metals 

Effluent treatment 

Fruit treatment 

Telephone cables 

Herbicide additive 

Used as an additive in water-based mud 

Dsed in hydraulic fracturing of rock and 
water-flooding in old oil wells to promote 
increased oil flow 

In conventional explosives excludes un
wanted moisture from the charge by forma
tion of hard gels on entry of moisture. 
In slurry explosives, water-resistant jels 
are formed by means of a crosslinker 

Used in printing pastes and finishing 
processes 

Used for paper pulp dispersion and sizing; 
improves finish and strength of paper 

Used as a sizing agent 

Used as a transportable refrigerant in 
water solutions 

Used as a stabilizer, thickener and to 
control moisture 

Used as a tablet binder or disintegrant 
and in gels, lotions, salves, creams and 
pastes 

Used in the flocculation, filtration and 
flotation of minerals 

When added to solutions reduces friction 
loss in pumping 

Smooths metal deposition when added to 
electrolysis media 

Removes suspended solids form effluent 
waters in the mining, paper and textile 
indstries 

Used in banana fungicide dips to extend 
the life of the dip solution 

Dsed to protect against longitudinal water 
penetration 

Improves effectiveness of glyphosate and 
other herbicides 
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Table 2. Food Uses of Guar Products 

USg_ Application 

Cheese 

Ice cream 

Bread and bakery products 

Frozen bakery goods 

Meat binder 

Canned meat products 

Dressings and sauces 

Beverages 

Dietetic foodstuffs 

Used as a stabilizer — prevents weeping 
or syneresis, gives uniform texture 
through control of moisture distribution 

Stabilizer 

Controls moisture distribution, improves 
shelf life 

Adsorbs moisture and prevents condensation 
of free water in the package 

Removes free water and prevents moisture 
migration on cooking 

Used as a thickener and to control visco
sity. Controls moisture and fat migration 
in storage 

Used as a thickener and stabilizer 

Used for viscosity control 

Used to reduce postprandial glucose shock 
of diabetics and to influence the choles
terol level in blood 



10 

With both soybeans and cowpeas, it has been well established that 

irrigation during vegetative growth stages is much less important than 

irrigation during flowering, pod set, or pod fill. However, there is 

some dispute in the literature pertaining to which of the three critical 

growth stages that soil moisture stress would have the greatest detri

mental impact on yield. 

Most irrigation experiments indicate maximum yields are most 

consistently obtained when sufficient soil moisture is available during 

flowering, pod set and pod fill. However, Doss, Pearson and Rogers 

(1973) concluded that soybeans are most sensitive to water stress during 

the pod fill period. Soil moisture stress applied during pod formation 

or during pod fill resulted in greater yield reductions than stress 

applied during flower induction or flowering. Also, a yield reduction 

was found when irrigations were withheld during late pod fill, but the 

degree of soil moisture availability was not measured. Doss et al. 

(1973) concluded that the pod-fill stage was the most critical period to 

obtain maximum yields. Water applied after full flowering was more 

beneficial than earlier irrigation applications. 

Sionit and Kramer (1975) found that water stress applied during 

pod formation and pod fill in soybeans resulted in the largest yield 

reductions. Water stress applied during flowering resulted in yield 

reductions but were not as drastic as stress during the pod fill stage. 

Previous studies conflict on the sensitivity of cowpeas to water 

stress at the various growth stages. Hiler, van Bavel, Hossain and 

Jordan (1971) found the flowering period to be the most sensitive to 



11 

water stress while the pod set and fill periods to be the least criti

cal. Summer field, Huxley, Dart and Hughes (1976) found the vegetative 

stage to be the most sensitive to water stress. Wien et al. (1979) 

found that water stress during vegetative growth, as well as flowering 

stages, had no significant effect on yield in cowpeas. In contrast, 

Turk, Hall and Asbell (1980) reported that water stress during flowering 

and pod fill significantly reduced yields while stress during vegetative 

periods of cowpeas had little impact on seed yields. 

Another study conducted by Shouse, Dasberg, Jury and Stolzy 

(1980) on water stress effects in cowpeas produced interesting conclu

sions. Soil moisture deficits at the flowering stage reduced yield by 

44% and 45% in the two years the research was conducted. Water stress 

during pod fill reduced seed yields by 39% in one year and no results 

were obtained the second year because of untimely rainfall which alle

viated any stress. Withholding irrigations at both the flowering and 

pod fill stages reduced yields by 67% and 69% in the two year study. 

Soil moisture deficits occurring at the vegetative growth stage had no 

significant yield effect. 



CHAPTER 3 

MATERIALS AND METHODS 

The study was conducted at the Marana Agricultural Center, 

University of Arizona, during the summer months of 1983. Marana is 

approximately 32 kilometers northwest of Tucson with an elevation of 625 

meters above sea level. The latitude is 32°23' N and at a longitude of 

1110 12' (National Atlas of the United States of America 1970). Clima

tic data as reported by Sellers and Hill (1974) is reviewed below. 

Summer temperatures in Marana are high, reaching a mean daily 

maximum of 39° C in July. Mean daily maximum temperature for June is 

38° C, 37° C in August and 36° C in September. Mean monthly tempera

tures are 28° C for June, 31° C for July, 30° C for August and 27° C for 

September. This period represents the majority of the growing season 

for the guar crop used in this study. 

Marana receives 280 millimeters of precipitation in an average 

year. Approximately half occurs from July to September, with the 

remainder from November to January. Drought conditions frequently occur 

in May because no measurable precipitation occurs two out of three 

years. 

The soil in field E-l at the Marana Agricultural Center is a Pima 

12 
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clay loam. A Pima clay loam is a fine-silty, mixed, thermic family of 

Typic Torrifluvents. Soils in this field are uniform in the top 90 

centimeters, that being the irrigated root zone in this study. 

Extensive soil sampling was conducted within this field two years 

previously for a master's thesis (Sandoval, 1981). He determined soil 

bulk density by driving a probe into the soil and obtaining an uncom-

pacted core of known volume within the probe. Twenty-eight soil samples 

resulted in an average bulk density of 1.35 gm/cc for the entire 120 cm 

soil profile with a variability of + 0.06 gm/cc. These values were 

verified at the time of installation of neutron access tubes during this 

study. 

Sandoval (1981) determined field capacity for the 90 cm profile 

by determining soil moisture content two days after an irrigation which 

allowed for gravitational water to be evenly distributed throughout the 

soil profile. Field capacity was 35% by volume with a variability of 

+ 3%. These values correspond well with Post, Hendricks and Pereira 

(1971) who mapped and characterized soils at the Marana Agricultural 

Center. 

Sandoval also obtained a soil moisture release curve. Samples 

were taken from 0 to 60 cm and 60 to 120 cm at five locations in the 

field. Ihe Soil, Water and Plant Tissue Testing Laboratory, University 

of Arizona, performed the laboratory analysis. Soil moisture was 

measured at 0.1, 0.3, 1.0, 3.0, 9.0 and 15.0 bars resulting in a curve 

of soil moisture as a function of tension (Fig. 1). 
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Field capacity at 35% by volume translates to 10.7 cm/30.5 cm of 

water holding capacity. Fifteen bars corresponds to 20% water by 

volume. The difference of 15% is considered to be the available soil 

moisture to the plant within a 30.5 cm soil profile, and corresponds to 

4.6 cm of available soil moisture per 30.5 cm. 

Construction gg Plots 

In preparation for planting, the field was disked, then listed on 

1.0 m row widths. Twenty-four rows were listed at each planting date. 

The first planting date was June 1, 1983, therefore field preparation 

was initiated on May 15, 1983. After the field was listed for the June 

1 planting date, it was pre-irrigated with 203 mm which filled the soil 

profile to approximately a 0.9 m depth. 

The first planting commenced on June 1, 1983 and the second 

planting on July 6, 1983. Five guar lines and one germplasm line were 

planted, each were four rows in width and 36.4 meters in length (Figs. 2 

and 3). The 36.4 meter length represented one complete replication 

consisting of the six lines and four irrigation treatments. The 36.4 

meter planting length was repeated four times to establish the four 

replications. Lines were planted in a completely randomized design 

within each replication. The field was planted so that each irrigation 

basin represented one treatment within each replication. Each irriga-

, tion basin had the six lines each four rows wide. This resulted in a 

completely randomized split plot design. Planting density was two rows 

per 1.0 m bed with twelve seeds planted per 30.5 cm (Figs. 5 and 6). 
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Since guar has a very hard seedcoat and germination can be a 

problem, the field was given another light irrigation on June 6, 1983. 

Uiis insured adequate moisture in the seed zone for optimal germination 

which is essential for good field research. Since irrigation treatments 

were established on a plant development basis, timing for the ensuing 

irrigations were initiated on June 6, 1983. 

A border disk was then used to divide the field into equal sized 

basins, each being 9.1 m long and 24.2 m wide (Figs. 2 and 3). This 

allowed each basin to be given the exact volume of irrigation water 

required for the particular treatment at the time of irrigation. The 

plots were flood irrigated with the water being delivered through 10 cm 

aluminum irrigation pipe with a valve opening tee at the head of each 

basin (Fig. 4). At the time of irrigation a valve opening elbow was 

attached at the tee of the desired basin and a propeller type flow meter 

was inserted to accurately measure the volume of irrigation water to 

each basin. Water was delivered through the pipe network by a gasoline 

powered water pump located at an irrigation water supply ditch on the 

south end of the field. 

The six lines planted were the following: 

1 = KINMAN 

2 = SANTA CRUZ 

3 = SL100 

4 = MESA 

5 = TX77-3347 

6 = LEWIS 
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The five guar lines and one germplasm line used in this study 

represent a cross sectionn of available guar lines. Obviously identi

fiable traits include a branching or non-branching type, as well as 

glabrous or pubescent plant types. Kinman and Santa Cruz are indetermi

nate, branching and glabrous guar lines. SL100 is a determinate, non-

branching, glabrous line. Mesa and and germplasm line TX77-3347 are 

examples of indeterminate, branching, pubescent plant types, and the 

line Lewis is a determinate basal branching, glabrous plant type (Table 

3). 

Irrigation Schedule 

The irrigation schedule utilized for both planting dates was 

identical and determined prior to the onset of the experiment. The 

irrigation applications were on a timing basis from the date of planting 

(Table 4). The timing was based on the plant developmental characteris

tics of vegetative growth, floral initiation, pod set and pod fill, "Hie 

irrigation treatments were established to produce water stress at these 

various periods during plant growth. 

Hie irrigation treatments are as follows: Treatment A received 

an irrigation at the onset of flowering and an irrigation to complete 

pod fill and was considered the control since commercial production is 

normally based on this irrigation regime. Treatment B received an 

irrigation at the onset of flowering, another during pod set, and a 

final irrigation to complete pod fill. Treatment C produced stress at 

the onset of flowering with no irrigation application until pod set and 



Table 3. Phenotypic Characteristics of Guar by Line. 

Branching Non-Branching Glabrous Pubescent Determinate Indetenninate 

1 
1 Kinman I 

1 
1 

X 
1 1 
1 x I 
1 1 
1 1 

x I 

1 
2 Santa Cruz| 

1 
1 

X 
1 1 
1 x I 
1 1 
1 1 

x 1 

1 
3 SHOO I 

1 
1 

X 
1 1 
1 x I 
1 1 
1 1 

X 

4 Mesa | 
1 
1 

X 
1 1 
1 1 
1 1 
1 1 

X x 1 

5 TX77-3347 | 
1 
1 

X 
1 1 
1 1 
1 1 
1 1 

X X I 

1 
6 Lewis I 

1 
1 

X 
1 1 
1 x I 
1 1 
1 1 

X 
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a final irrigation for pod fill. Treatment D received an irrigation 

prior to flowering tp enhance vegetative growth, again at flowering, and 

an irrigation to complete pod fill. This treatment was designed so that 

the plants would not be stressed at any period of flowering or pod fill. 

All four treatments received a pre-plant irrigation and a light irriga

tion one day after planting to promote maximum germination and therefore 

a good plant stand. The final irrigation (65 days post planting) was 

never applied to the second planting date due to heavier than normal 

summer rains which also accounts for the relatively low irrigation 

totals for the second date of planting. 

soil Moisture Determinations 

A neutron probe was utilized to determine the irrigation volumes 

to be applied at each irrigation. The day prior to a scheduled irriga

tion, neutron moisture measurements were taken and soil moisture 

deficits based on a 0.91 m soil profile were calculated for the treat

ments to be irrigated the following day. A 0.91 m soil profile was 

utilized since it was found that the majority of water extraction from 

the soil profile was in this region. This observation was made with the 

use of the neutron probe. In addition to moisture measurements 

immediately prior to an irrigation, bi-weekly moisture measurements were 

routinely made to monitor water use of the plants. 

Soil moisture measurements were taken on a twice weekly basis. 

Also, soil moisture measurements were performed one day before an irri

gation was to be applied. The purpose of the frequency of moisture 
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Table 4. Irrigation Schedule. 

DAYS GROWffl 
AFTER PLANTING STAGE 

15 Vegetative 

30 Flowering 

45 Pod Set 

65 Pod Fill 

X X 

X X 

X X X  

X 

X 
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determination was to monitor water use by cultivar as well as soil 

moisture deficits within the plant root zone. Soil moisture measure

ments were made with a Campbell Pacific Model 503 Hydroprobe. 

Neutron probe access tubes were installed shortly after planting. 

Twenty-four neutron probe access sites were installed in each planting 

date experiment. These sites were chosen on the basis of ability to 

monitor each guar variety once within each treatment over the four 

replications. This arrangement allowed for statistical analysis to be 

performed. 

The neutron access tubes were 5.1 cm diameter EMT conduit# 1.5 m 

in length. The tubes were installed to a depth of 1.4 m with 0.1 m 

extending above the soil surface for neutron probe mounting purposes. 

Neutron readings were taken to a depth of 1.2 m by 30.5 cm increments. 

It was found that even as plants approached maturity, soil moisture 

extraction occurred within the 0.91 m soil profile. 

Irrigation volumes to be applied were determined by calculating 

the total soil moisture deficit within the 0.91 m soil profile. The 

deficit was determined by substracting the water present, as measured 

with the neutron probe, from field capacity (10.6 cm) by 30.5 cm incre

ments and simply totaling. This total soil moisture deficit was added 

when irrigated. Each plot was treated individually. See Tables 5 and 

10 for irrigation dates and depths by treatment for June 1 and July 6, 

respectively. 

The neutron probe was calibrated specifically for the field used 

in the study. Calibration was done at the time of installation of the 
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neutron access tubes. Gravimetric soil moisture samples were taken at 

30.5 cm increments. Soil moisture was converted from a weight basis to 

a volume basis using 1.35 gm/cc as the bulk density. Soil moisture 

content ranged from values of 27% by volume to as little 10% by volume. 

Immediately after access tube installation, neutron probe readings were 

taken at the 0-30.5, 30.5-61.0, 61.0-91.5 cm levels. A linear regres

sion was performed using the neutron probe ratio (field count/standard 

count) and the soil moisture in cm per 30.5 cm. A first linear regres

sion was done with the values from the entire profile. An interecept 

of .029 and a slope of 2.793 was found, r = .84. Next, another linear 

regression was done with data from the first 30.5 cm only since it is 

generally recognized that neutron probes are least accurate near the 

soil surface. An intercept of -.393 with a slope of 3.264 was found. 

This results in a variability of 2% between the two equations over the 

range of expected moisture; contents. It was decided to use the first 

equation for the entire soil profile for soil moisture measurements. 

£M Harvest 

Both planting dates of the guar were harvested on November 18, 

1983. Harvest was completed when the plants had fully matured. Prior 

to harvest, each individual plot was trimmed to a row length of 6.1 m. 

Approximately 1.5 m was trimmed from each end of the plots to eliminate 

any border effects which might be present. 

Each irrigation basin consisted of six guar lines each four rows 

in width. The center two of the four rows were harvested for yield 
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purposes again eliminating any border effect from cultivar to cultivar 

which may be present. Therefore, each plot which was harvested 

consisted of 2 rows each being 6.1 m in length. Harvest was 

accomplished using a one row combine designed especially for plots. 

The seed harvested from each plot were then weighed with an 

analytical balance. The results were then extrapolated to a weight per 

hectare basis for conventional comparison purposes. Along with the net 

weights from each plot, 100 seeds were counted and weighed from each 

sample to ascertain any treatment as well as varietal differences in 

seed development (Tables 7, 9, 11, 12). 

Each treatment within one replication consisted of six subplots 

of the six lines planted. The seed yields as well as the 100 seed 

weights were then statistically analyzed for variance due to treatment 

effect by line for both planting dates. 



CHAPTER 4 

RESULTS AND DISCUSSION 

Jwre 2 Planting 

Table 5 illustrates dates and depths of applied irrigation water 

and rainfall totals for the June 1 planting. Cumulative irrigation 

totals were similar across all four treatments. This would indicate 

total water use to be similar within all four treatments but timing of 

water use varies by treatment. In the June 1 planting, treatment A 

received a low of 498 mm of applied irrigation water while treatment B 

received a high of 579 mm. In addition, 196 mm of rainfall occurred 

throughout the growing season (Table 6). Rainfall was believed to be 

effective until mid-September. At this point, neutron probe data indi

cated very little moisture uptake from the soil. This was attributed to 

the plants reaching senescence. 

While seasonal irrigation totals were all within a narrow range 

in the June 1 planting, yields differed by treatment although they were 

not statistically significant (Table 7). This would indicate that seed 

yield difference by treatment would be attributable to irrigation appli

cation timing and not applied water totals. The critical timing of 

irrigation to produce maximum yields was the major objective of the 

study. 

28 
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Water use efficiency paralleled average seed yields (Table 8) and 

applied irrigation totals including effective rainfall until senescence. 

In the June 1 planting, treatment D produced the highest seed yield per 

unit of water with 1.45 Kg/mm followed by treatment A with 1.28 Kg/mm. 

Treatment B, which received the highest water total had the lowest seed 

yield per unit of water with 1.08 Kg/mm. These values are reported as 

average yield data from all lines tested excluding Mesa. Mesa 

consistently produced the lowest yields and was significantly different 

than the other lines. This was expected since Mesa was bred as a 

vegetative guar line to be utilized primarily as green manure. For this 

reason, Mesa deceptively altered water use efficiency data and was 

excluded. 

An analysis of variance (ANCVA) was conducted on the June 1 yield 

data and least significant differences analyzed where significance was 

found (Table 7 and Table 1 in Appendix). There was no statistical 

significance by irrigation treatment in the June 1 planting. 

Variability by replication within each treatment was high, therefore, 

masking irrigation treatment significance. This would indicate that 

prior to another field study on this site, it would be recommended to 

investigate for soil variability within the soil profile throughout this 

field. However, there was a high degree of significance by line within 

the June 1 planting (Table 1, Appendix). Kinman consistently produced 

the highest mean seed yields in all treatments, however Santa Cruz, 

SL100 and Lewis were not significantly different than Kinman. 
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Table 5. Irrigation Dates and Depths for June 1 Planting. 

Irrigation Treatment 
Date TFT A TRT B TFT C TRTD 

Pre-Plant 
Irrigation 203 

depth, irm— 

203 203 203 

Post Plant 
Irrigation 102 102 102 102 

6-24-83 64 

7-7-83 79 79 68 

7-28-83 117 145 

8-25-83 114 79 79 109 

Total 498 579 528 541 

(Pre-
Rainfall senescence) 196 196 196 196 

Total 694 775 724 737 

NOTE: Individual plots were irrigated according to the actual soil 
moisture deficit in a 0.91 m soil profile. Above values are 
average deficits from the four plots within each replication. 
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Table 6. Precipitation Dates and Depths During the 1983 Season. 

J3SES PRECIPITATION tm) 

7-9 3.81 
7-21 2.54 
7-22 13.97 
8-1 33.02 
8-4 1.78 
8-9 16.51 
8-10 46.99 
8-15 10.16 
8-16 3.81 
8-17 36.83 
8-18 2.29 
9-1 1.02 
9-7 20.32 
9-16 3.05 

Total as of 9-16-83 196.09 



Table 7. Line and Irrigation Treatment Effects on Average Seed Yields, June 1 
Planting 

Cultivar Yield, Kg/ha 

Santa 
Kinman* Cruz* SL100* 

1 
Mesa* TX77-3347* 

1 
Lewis* 

j Treatment A 1047a 831a,b 
1 

1016a,b| 
1 

147c 
1 
I 663b 
1 

888a,b 

I Treatment B 1118a 752a,b 
1 

898a,b| 
1 

206c 
1 
1 728b 
1 

863a,b 

I Treatment C 944a 743a,b 
1 

876a,b| 
1 

105c 
1 
1 644b 
1 . 

886a,b 

| Treatment D 1168a 1145a,b 
1 

1032a, b| 
1 

407c 
1 
1 888b 
1 

1133a,b 

1 Mean 1069 868 
1 

956 | 
1. 

216 
1 
1 721 943 

LSD # 051 s 
* Values followed by the same letter are not significantly different. 



Table 8. Water Use Efficiency by Treatment in June 1 Planting. 

Line 1 TRT A TRT B 1. TOT C 1 TRT D 1 
1  . . . . . .  I 

Kinman 1 1.51 
1 

1.44 | 
1 

1.30 1 1.58 | 
1 1 

Santa Cruz 
1 
I 1.20 
1 

1 
0.97 1 

1 
1.03 

1 1 
1 1.55 I 
1 1 

SL 100 
1 
I 1.46 
1 

1 
0.96 1 

1 
1.21 

1 1 
1 1.40 I 
1 I 

Mesa 
1 
1 0.21 
1 

1 
0.27 1 

1 
0.15 

1 1 
1 0.55 1 
1 1 

TX77-3347 
1 
1 0.96 
1 

1 
0.94 1 

1 
0.89 

1 1 
1 1.20 I 
1 1 

Lewis 
1 
1 1.28 
1 

1 
1.11 1 

1 
1.22 

1 1 
1 1.54 1 
1 1 

Average 
1 
1 1.10 
1 

1 
0.95 1 

1 
0.97 

1 1 
1 1.30 I 
1 1 

Note: Water totals include irrigation and rainfall 
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Significance by line was encouraging since another objective of the test 

was to enable growers to choose a line best suited for local conditions. 

While no significance was found by treatment in the June 1 

planting, yield data indicate treatment D consistently produced the 

highest yield among all six lines tested. Table 4 illustrates the 

irrigation schedule utilized. Treatment D consisted of an irrigation 

prior to flowering, at the onset of flowering, and again to complete pod 

fill. This irrigation schedule was designed to produce a minimum of 

soil water stress at critical periods of plant growth. These findings 

support those of Turk et al. (1980) and Shouse, Dasberg, Jury and Stolzy 

(1981) on cowpea research. Both research teams found the flowering and 

pod fill stages critical for maximum yields. They found soil induced 

water stress during these periods of plant growth and development 

seriously reduced yields. In soybeans, Doss et al. (1973), and Sionit 

and Kramer (1975) found the pod fill growth period to be the most 

important with the flowering period of lesser importance regarding plant 

water stress. 

Following treatment D, treatment A was the second highest 

yielding irrigation regime. Treatment A received one less irrigation 

than D, that being the irrigation prior to flowering. Both received the 

flowering and pod fill irrigations. As can be seen in Fig. 7, treat

ment D and A closely parallel each other with regards to soil moisture 

present in a 0.91 m soil profile. Treatment D had a slightly higher 

soil moisture content than A throughout the entire growing season, 

presumably due to the extra irrigation prior to flowering. This also 
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most likely accounts for the somewhat higher seed yields reported by 

treatment D. 

Treatment D had the highest soil moisture content at the flower

ing period (Fig. 7). Subsequently treatment D maintained the most soil 

water until pod set. At this point treatment B and C received an 

irrigation (45 days after planting) and maintained a higher soil mois

ture content for the remainder of the season. 

Inspection of the soil moisture data and seed yields in planting 

date 1 (June 1), suggest that the highest yields were obtained with high 

available soil moisture content at flowering and adequate soil moisture 

for pod fill. Treatments A, B and D all received irrigations at 30 days 

or initial flowering. However, D received an additional irrigation 

prior to flowering and had more available soil water than any other 

treatment at initial flowering. Correspondingly, treatment D produced 

the highest yields. 

Another observation from Fig. 7 is the total soil moisture 

present from pod set through the remaining season in treatments B and C 

was higher than treatments A and D. Treatments B and C received an 

additional irrigation at the pod set growth stage. While treatments B 

and C had a higher soil moisture content than treatments A and D, 

treatment D produced the highest seed yields closely followed by 

treatment A and B, respectively. Treatment D received an irrigation at 

flowering. 

Treatment B received an irrigation at flowering and pod set while 

treatment C did not receive the flowering irrigation, this states that a 
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high soil moisture content during the initial flowering cycle is 

essential for high seed yields. When maximal flowering occurs, the pod 

fill period is the next most important to maintain a high soil moisture 

content to not only set the flowers to pod, but also fill the pods. 

Treatment C exemplified this when consistently low yields were produced 

within all six lines tested. Treatment C did not receive any 

irrigations except pre-plant until the pod set growth stage. 

It can be concluded from soil moisture data and yield data for 

the June 1 planting date that the vegetative, flowering and pod fill 

period in order of importance seems to be the most critical regarding 

minimal plant water stress to produce maximum yield. Soil moisture 

should be high enough at this period so as no stress is induced in the 

plant. Also, it does not appear that excessive soil moisture avail

ability is desirable during the pre-pod fill growth stage if maximum 

flowering has not occurred. Vegetative growth is important in order to 

produce a maximum number of sites on the plant to host flowers. 

Accordingly, adequate soil moisture is essential during the pod fill 

stage. Unfortunately, there were no treatments in this study to 

adequately test a high degree of plant stress during this period. 

There was a high level of significance by line in the June 1 

planting date (<.01) (Table 7). Kinman was the high yielding line 

within all four treatments. Lewis, SL100 and Santa Cruz were next in 

ranking by yield. These four lines were not significantly different 

from each other. TX77-3347, a germplasm line ranked fifth by seed yield 

and was significantly different from all the others. Mesa consistently 
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produced the lowest yields and was significantly different than the 

other lines. This was expected since Mesa was bred as a vegetative guar 

line to be utilized for green manure. Of the four highest yielding 

lines, two were indeterminate and two were determinate (Table 3). This 

would be expected since the longer growing season afforded by the early 

planting date would allow either plant type to essentially complete its 

life cycle to maturity. 

The four highest yielding plant types were glabrous while the 

lower yielding lines were pubescent (1X77-3347, Mesa). At this time, no 

explanation is available. This may be coincidental but should warrant 

some further investigation by plant geneticists. 

The weight of one hundred seeds was determined by plot for all 

six lines (Table 9). This was done to determine any water treatment 

effects that may be present. Again, in the June 1 planting, there was 

no significance by treatment but a high level of significance by line 

(<0.01). Level of significance by treatment was .069 which again sug

gest trends were present. Table 9 illustrates many of the same trends 

that were present with regard to seed yields. Significance by line is 

not really surprising since each line would be expected to exhibit 

specific seed characteristics especially with regard to physical size. 

July £ Planting 

Table 10 illustrates dates and depths of applied irrigation water 

and effective rainfall totals for the July 6 planting. As in the June 1 



Table 9. Weight of 100 Seeds by Line and Irrigation Treatment, June 1 Planting. 

Santa 
Kinman* Cruz* SL100* Mesa* 1X77-3347* Lewis* 

Treatment A I 2.95 | 2.68 | 2.69 I 2.78 | 2.20 | 2.75 

Treatment B | 2.76 I 2.54 I 2.60 | 2.75 I 2.19 | 2.54 

Treatment C I 2.69 I 2.57 I 2.64 | 2.67 I 2.08 | 2.63 

Treatment D | 2.97 | 2.83 I 2.62 | 3.02 | 2.48 | 2.75 

* 
grams 

UJ 
VD 
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planting, cumulative irrigation totals were similar in all four treat

ments. In the July 6 planting, treatment A again received the least 

applied irrigation water with 376 mm and treatment B the most with 475 

mm. However, in the July 6 planting, treatment B recorded the highest 

seed yields (Table 11). These values include both the pre-plant irriga

tion of approximately 203 mm and the post plant irrigation of 

approximately 102 mm. Again, 196 mm of rainfall occurred throughout the 

growing season. 

In the July 6 planting, treatment B had the highest water use 

efficiency (Table 13) with 1.02 Kg/mm. Treatment B also received the 

most water. Interestingly, treatment D had the lowest water use effi

ciency with 0.77 Kg/mm but received only 43 mm less irrigation water 

than treatment B (Table 10). This observation again indicates timing of 

applied water on guar to be critical. 

The July 6 planting resulted in significance at the 0.05 level 

by irrigation treatment and again significance by line was found (Table 

3, Appendix). Refer to Table 4 in the Appendix for an analysis of least 

significant differences by treatment. 

Treatment B produced the highest yields with all six lines tested 

Table 11). Treatment B was not significantly different than treatment 

C. However, the LSD at the 0.05 level was 115.40 and yield difference 

between B and C was 101. This would indicate in the strictest sense no 

significance but would most definitely attest to a strong trend. Treat

ments C, A and D were not significantly different which is readily 

apparent when looking at the mean seed yields. 
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Table 10. irrigation Dates and Depths for July 6 Planting 

Irrigation Treatment 
Date TRT A TRT B TRT C TRT D 

Depth, mm-
Pre-Plant 
Irrigation 203 203 203 203 

Post Plant 
Irrigation 102 102 102 102 

7-28-83 64 

8-25-83 71 86 64 

9-8-83 84 102 

Total 376 475 406 432 

(Pre-
Rainfall senescence) 196 196 196 196 

Total 572 671 602 628 

NOTE: Individual plots were irrigated according to the actual soil 
moisture deficit in a 0.91 m soil profile. Above values are 
average deficits from the four plots within each replication. 
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To reiterate, treatment B received the largest volume of applied 

irrigations with 475 mm. Figure 8 depicts the soil moisture present at 

the various growth stages. Treatment B again had a slightly higher soil 

moisture content just prior to flowering. On the other hand, treatment 

C had the lowest soil moisture content prior to flowering but net seed 

yields were not significantly different than treatment B. Another 

observation of soil moisture data which does not appear to support like 

conclusions as that in the June 1 planting is that treatments B and C 

had the highest soil water volumes during pod fill. Looking at water 

efficiency data, (Table 13), the later planting date study appeared to 

produce yields which were highly correlated to total water applied. 

Treatment B received 475 mm of irrigations (highest among treatments) 

and produced the highest yields. Treatment B resulted in 1.44 Kg of 

seed per mm of water followed closely by treatment C with 1.39 Kg/mm. 

At this point, it should be mentioned that the summer rains 

occurred during the majority of the growing season in this planting. 

This can be evidenced by the precipitation dates and depths from Table 

6. From the date the crop was planted to the period of pod fill, 193 mm 

of rainfall occurred. Itiis tended to greatly reduce some of the treat

ment effects during this planting. 

Irrigations were applied to all treatments as scheduled except 

for the final application. The final irrigation was to be applied to 

all treatments. It was evident from field observations that at the time 

the final irrigation was to be applied, the guar had initiated 

senescence. It was then decided to eliminate this final irrigation. 
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September 8 was the final irrigation which was applied to treatment B 

and C, the highest yields, respectively. 

From the soil moisture data, it appears that all treatments were 

very similar in soil moisture content up until the pod fill growth stage 

(Fig. 8). From the time of flowering to pod fill, the combination of 

irrigations and summer rainfall enabled all treatments to flower 

normally and produce normal growth 45 days after planting. There was 

adequate available soil moisture at all times in the plant's life cycle 

within any treatment during the vegetative, pre-flowering and flowering 

growth stages. At this point, treatments B and C received an irrigation 

to complete pod set. It is believed this is the point within the study 

that any treatment effect was established. Die readily available soil 

moisture at the pod fill stage most likely resulted in the higher yields 

observed within the second planting. 

There was also significance again by line within the July 6 

planting (Table 11, Table 3, Appendix). Lewis produced the highest 

yields with an average 729 Kg/ha followed by SL100 with 615 Kg/ha. 

These two lines were not significantly different. SL100, TX77-3347 and 

Santa Cruz were all statistically similar as was TX77-3347, Santa Cruz 

and Kinman. Again, Mesa produced the poorest yields being a green 

manure crop. 

Lewis and SL100 are both of the determinate plant type. This 

would stand to reason since the shorter available growing season offered 

by the later planting would favor a plant with a defined life cycle. 

Indeterminate lines would not have the time to flower at a maximum 
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potential before some environmental stress would inhibit flowering. 

Possible environmental factors responsible may be day length or more 

likely too few heat units in the later season. The four lines ranking 

behind Lewis and SL100 with respect to yield were all indeterminate. 

Kinman, without question produced the highest seed yields in the June 1 

planting (Table 7), but was next to last in the July 6 planting followed 

only by Mesa (Table 11). 

Lewis and SL100 were also of the glabrous nature as were the 

highest yield producing lines in the June 1 planting. Again, no expla

nation is offered for this observation. 

One hundred seed weights were again evaluated by plot for the six 

lines (Table 12). As found in the early planting, there was no signifi

cance by water treatment but significance was ascertained by line (Table 

3, Appendix). 

A very obvious conclusion drawn from this study is the effect of 

planting date on seed yield. By delaying the planting date from June 1 

to July 6, yields were reduced by approximately 50% within all six lines 

tested. On the average, there was approximately 100 mm less water 

applied to the July 6 planting than the June 1 planting by treatment. 

This difference in water totals would not economically warrant planting 

delays. 

With very little question, the July6 date of planting did not 

have sufficient time to set flowers at a maximum potential nor fill pods 

of those set. Maximum guar seed yields are generally obtained from 

indeterminate lines while indeterminate plant types need adequate season 

length to complete their life cycle. 



Table 11. Line and Irrigation Treatment Effects on Average Seed Yields, July 6 
Planting 

Line Yield, Kg/ha~* 

Santa 
Kinman* Cruz* SL100* Mesa* TX77-3347* Lewis* I 

I Treatment A 302c 424brc 513a,b| 54d 
1 
1 491b,c 
1 

741a | 

1 Treatment B 511c 687b,c 789a,b| 84d 
1 
1 591b,c 
1 

843a | 

I Treatment C 423c 495b,c 652a,b| 74d 
1 
1 538b,c 
1 

717a I 

I Treatment D 308c 467b,c 509a, b| 67d 
1 
! 512b,c 
1 

617a I 

1 Mean 386 518 616 I 70 
1 
1 533 
1 

730 | 

* Values^ollowed by same letter are not significantly different. 



Table 12. Weight of 100 Seeds by Line and Irrigation Treatment, July 6 Planting 

Santa 
Kinman* Cruz* SL100* 

1 
Mesa* 0X77-3347* 

1 
Lewis* I 

j Treatment A 2.55 1 2.46 
1 
1 2.21 
1 

1 2.60 
1 
1 2.11 
1 

2.55 I 

1 Treatment B 2.67 1 2.62 
1 
1 2.49 
1 

1 2.57 
1 
1 2.28 
1 

2.71 I 

1 Treatment C 2.72 1 2.63 
1 
1 2.40 
1 

1 2.72 
1 
I 2.26 
1 

2.68 I 

I Treatment D 2.58 1 2.54 
1 
1 2.22 
1 

1 2.55 
1 
1 2.11 
1 

2.58 I 

* 
grants 



Table 13. Water Use Efficiency by Treatment in July 6 Planting. 

Irrigation Treatment 

Line 1 TRT A 1 TRT B 1 TRT C 1 TRT D 1 
1 | 

Kinman 1 0.53 
1 

1 0.76 I 
1 1 

0.70 1 0.49 1 
1 1 

Santa Cruz 
1 
1 0.74 
1 

1 1 
1 1.02 | 
1 1 

0.82 
1 1 
1 0.74 1 
1 1 

SL 100 
1 
1 0.90 
1 

1 1 
1 1.18 | 
1 1 

1.08 
1 1 
I 0.81 1 
1 1 

Mesa 
1 
1 0.09 
1 

1 1 
1 0.13 1 
1 1 

0.12 
1 1 
1 0.11 1 
1 1 

TX77-3347 
1 
I 0.86 
1 

1 1 
1 0.88 I 
1 1 

0.89 
1 1 
I 0.82 1 
1 1 

Lewis 
1 
I 1.30 
1 

1 1 
1 1.26 | 
1 1 

1.19 
1 1 
1 0.98 1 
1 1 

Average 
1 
1 0.74 
1 

1 I 
1 0.87 1 
1 1 

0.80 
1 1 
1 0.98 I 
1 1 

Note: Water totals include irrigation and rainfall 



Table 14. Soil Water Total in 0.91 Meter Soil Profile in June 1 Planting. 

I 6-22 6-23 6-29 7-6 7-12 7-15 7-19 7-22 7-27 8-3 8-5 8-12 8-15 8-23 8-30 9-1 9-6 9-13 9-15 9-20 9-27 

I 
TFT A I 25.10 21.95 20.52 22.33 20.78 18.77 18.06 16.79 18.31 17.09 19.51 17.75 17.93 20.19 19.30 17.04 16.41 15.90 15.88 15.47 

I 

TRT B I 22.73 22.00 20.65 22.71 21.41 19.28 18.72 17.65 23.16 22.25 22.71 21.56 21.69 22.86 22.15 20.17 19.51 18.72 18.75 18.31 

I 
TFT C I 21.72 21.06 19.46 18.03 17.22 16.94 15.77 15.06 23.04 21.92 21.92 20.85 20.73 21.69 21.06 18.72 18.08 17.40 17.40 17.02 

I 
I 

TRT D I 23.27 24.79 23.72 21.84 23.16 21.64 19.10 18.75 17.58 18.44 17.42 20.02 18.11 18.06 20.73 19.91 17.20 16.51 15.85 15.88 15.49 

*Values Reported In On. 



Table 15. Soil Water Total in 0.91 Meter Soil Profile in July 6 Planting. 

I 7-27 8-3 8-5 8-12 8-15 8-23 8-30 9-1 9-6 9-13 9-15 9-20 9-22 9-27 
I 
I 

TRT A | 23.29 24.26 22.56 22.28 21.67 22.12 22.68 22.00 19.99 19.02 18.31 18.29 17.98 17.73 
I 
1 

TRT B I 23.29 24.05 22.00 22.45 22.12 21.26 22.43 21.74 19.51 22.07 21.18 20.75 20.17 19.71 
I 
I 

TRT C I 23.55 22.02 22.99 22.63 23.24 21.39 19.15 18.67 17.17 22.12 21.08 20.32 19.53 18.90 
I 
I 

rar D I 22.17 23.09 24.03 24.23 23.16 23.16 23.75 22.96 20.60 19.96 19.23 19.46 18.69 18.64 
I 
I 

Values Reported in dm. 



CHAPTER 5 

SUMMARY AND CONCLUSIONS 

Date of planting has a profound effect on guar seed yields. In 

this study a delay of approximately one month resulted on the average in 

a 50% yield reduction (Table 7, Table 11). This is unacceptable when 

maximum yields are the objective. June 1 was by far the more desirable 

date of planting for the Marana, Arizona area. 

In the June 1 planting study, no significant treatment 

differences occurred. However, treatment D resulted in the highest 

yields within all lines tested (Table 7). Treatment D provided the 

plant with adequate soil moisture prior to flowering, during flowering, 

and again at pod fill. With the relatively low water use exhibited by 

guar, water stress during these critical periods of the plant's life 

would be unacceptable. Of the lines tested in this date of planting, 

Kinman produced the highest consistent yields in all treatments (Table 

7). With the longer growing season afforded by the earlier planting 

date, an indeterminate line is a logical choice. 

If a grower must plant late, possibly due to some desirable 

rotation scheme or to take advantage of potential summer rains, 

treatment B produced the higher yields (Table 11). Treatment B in the 

, late planting, supplied available soil moisture at time of flowering and 
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again at pod set for minimal water stress during these two critical 

periods. Of the lines tested, Lewis produced the highest yields 

followed closely by SL100 (Table 11). Both of these lines are 

determinate plant types which will best take advantage of a reduced 

growing season. 

Guar proved to be a relatively low water user as compared to the 

main cash crop in the area which is cotton. Personal communication with 

management personnel of the Cortaro Water Users Association who supply 

many growers irrigation water, confirmed that average applied 

irrigations totals for cotton are about 1000 mm per growing season. Hie 

highest irrigation volume applied in the early date of planting was 579 

mm or roughly half that of cotton. From this standpoint, it can be 

argued that a grower could afford a lesser net per acre if the 

difference in water costs were great enough to essentially yield a like 

net return. In accordance, growers as well as surrounding communities 

would benefit from reduced groundwater overdraft, an essential for 

sustenance agriculture. With these cost benefit results, guar could be 

a cash crop for the arid southwest providing a market for seed is 

available. 



APPENDIX A 

Additional Tables 

53 



Table 1. ANCWA (Seed Yield, June 1 Planting). 

SOURCE OF VARIATION -SK. CEJL 

RESIDUAL 

CONSTANT 

REP 

TRT BY VAR 

1799.39218 

0.06253 

0.46785 

0 

0.979 

0.945 

ERROR 1 

TRT 3.20281 0.076 

ERROR 2 

VAR 16.16236 1.335E-005 

* - Significance at the 0.05 level. 



Table 2. ANCWA (100 Seed Weight, June 1 Planting). 

SCURGE OF VARIATION F _SJS. CF-F 

RESIDUAL 

CONSTANT 

REP 

TRT BY VAR 

30680.24164 

2.81125 

1.11887 

0.050 

0.368 

ERROR 1 

TRT 3.36340 0.069 

ERROR 2 

VAR 12.63570 6.092 E-005 

* - Significance at 0.05 level. 



Table 3. ANOVA (Seed Yield, July 6 Planting). 

SOURCE OF VARIATION 

RESIDUAL 

CONSTANT 

REP 

TRT BY VAR 

ERROR 1 

TRT 

ERROR 2 

VAR 

* - Significance at 0.05 level. 

£ SIS* ttlF-. 

1442.7241 0 

11.67474 0 

0.77032 0.702 

4.80957 0.029* 

17.54354 0* 
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Table 4. LSD (July 6 Planting). 

TBEftTMEBE SSfiJEstflal 

B 584 a 

C 483 a b 

A 420 b 

D 413 b 

*lsd(.05) = H5-40 



Table 5. ANOVA (100 Seed Weight, July 6 Planting). 

RESIDUAL 

CONSTANT 

REP 

TRT BY VAR 

ERROR 1 

TRT 

ERROR 2 

VAR 

* - Significance at 0.05 level. 

E SIS. QF .F. 

50343.85966 0 

53.90265 0 

0.78267 0.689 

2.03794 0.179 

20.35409 0* 
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