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PREFACE AND SUMMARY

Guar, a summer -growing legume, has been experimented with
for ten years in southern Arizona. The crop is well suited to
growing conditions here. Its use for seed production and soil
improvement is increasing.

This publication reports some of the experiments conducted on
Agricultural Experiment Station Farms. Important guide posts
for guar growers may be summarized as follows:

1. Guar seed crops can be grown successfully on soils ringing
from sandy loams to clay loans with 2 acre -feet of water per
acre. See p. 19.

2. Guar does not compete well with weeds. Avoid serious weed
problems by planting scarified seed in warm, preirrigated
soil. See p. 16.

3. The simplest and best culture seems to be to drill from 12 to
16 pounds per acre in 12- or 14 -inch rows. On a firm seedbed
with a shallow mulch (the right kind) the seed should be
planted only deep enough to place it on firm, moist soil -
usually 1% to 2 inches. See p. 8.

4. Planting dates which seem best, based on present varieties,
are about as follows: Tucson - May 10 to June 10; Mesa -
May 20 to June 20; Yuma - June 1 to July 1. See pages 10 -13.

5. If planted during recommended planting periods guar should
be ripe and ready for harvest in from 120 to 145 days depend-
ing on area where grown, on variety used, and on irrigation
practices.

6. On medium to heavy textured soils (sandy loam through
clay loans) guar on a preirrigated seedbed can be grown to
maturity on no more than four or five irrigations. The first
irrigation should be within about a month after planting.
The last should be made in late August or early September
under most conditions. See p. 19.

7. Guar "enemies" are insects, diseases, and weeds - as with
other crops. To date no insects have been a serious problem
with guar if not planted too early. See p. 24. Diseases of
guar have not been serious except in a few instances. A dis-
cussion of those hazards is summarized on p. 25. The Mesa
variety is very resistant to root -knot nematode and Texas
root rot. See p. 33 and p. 30. Weeds have been the most
serious problem. Attempts to "irrigate up" have proved dis-
astrous. See p. 18.

8. Guar seed should be harvested as early as possible by direct
combining. Immature guar seed is seriously damaged by
frost. Both mature and immature seeds are rather quickly
discolored and damaged by rain. See p. 21.

9. Crop profits may be lost rapidly in harvesting if the "com-
bine" is not operated properly. Losses may come from -
1) pods dropping off or being knocked off the plants by the

3



cutter -bar, 2) pods being sheared off by the reel, 3) pods
breaking off and dropping through at top of apron before
plants get into cylinder. Further losses may occur from
improper setting of cylinder and concave. See p. 22.

10. The demand for guar seed today is limited by undeveloped
markets. Industrial research soon may create increased de-
mands. There is some possibility of using guar for hay or
pasture. The greatest non -seed use, however, seems to be
the use of guar in our soil- building program. See p. 24.



I. GROWING GUAR IN ARIZONA

BY R. L. MATLOCK AND D. C. AEPLI''`

When an Arizona farmer hears about a new crop, he's inter-
ested. New crops, like a new car, a new piece of farm machinery,
or a new baby draw a crowd. Right away questions are asked -
What is it? How do you grow it? What's it good for? Can we
make money growing it? Will it be good for my land? - and
many others. In this bulletin we propose to answer some of these
questions about guar.

First of all it's a one -syllable name, but a little tricky to pro-
nounce. Just run all the letters together and say it as if it were
spelled "GWAHR." It has been known and grown for many years
in other countries - India particularly - but it has just joined
the ranks of tried and proved crops for Arizona.

Research work on guar in Arizona was begun in 1938 on a
very limited scale. It was not until the "war years" that interest
in guar grew rapidly because of its uses in industry. During the
last five years an expanded program of guar research has been
carried on by the Agricultural Experiment Station. The research
program has been fostered by General Mills, Inc., the organization
which took the lead in the use of guar in industry.

PLANT DESCRIPTION
We won't attempt to give a full botanical story about guar. The

plant belongs to the "Legume Family" which means that it is
related to alfalfa. That suggests that it may be a soil- improving
crop, which is correct. The scientific name won't help to grow a
bigger yield, but throughout the world botanists, agronomists,
and a few others know it as Cyamopsis tetragonoloba.

Anyway, it's a summer -growing annual legume. The plant
doesn't look like any other crop grown in Arizona. It grows to
a height of 31 to 6 feet depending on the variety, planting date,
number of irrigations, and several other factors. It produces a
rather heavy but hollow central stalk with several strong
branches borne low on the plant. The plant type, however, varies
with the variety. The stem and branches of most varieties are
rather rough -hairy (Plate I) .

*Agronomist, Agricultural Experiment Station; Superintendent, Mesa
Experiment Farm.
Grateful recognition is given herewith to Ian A. Briggs, formerly Asso-

ciate Agronomist; to Roy Stutzman, formerly Field Representative for
General Mills, Inc., for the work done on guar prior to 1946. John A. Esser,
recent Field Representative for General Mills, helped materially with the
research program in 1946 and 1947 and made constructive suggestions
regarding the manuscript. Karl Harris, former Irrigation Engineer, Bureau
of Plant Industry, Soils and Agricultural Engineering, and R. S. Hawkins,
former Agronomist, University of Arizona, also contributed to the irriga-
tion and soil improvement phases of the project.
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Plate I.--A crop of Mesa guar just before maturity.

The leaves somewhat resemble a Blackeye cowpea in shape
but are smaller and have a wavy margin. They are not fuzzy or
hairy like beans, have a bluish-green cast, and when young are
quite glossy.

The small flowers, which are borne in clusters in the axils of
the leaves, are followed by pods (as are all legumes) varying
from 11/2 to 2 inches in length. Each pod, if properly formed,
bears from six to nine seeds. The seeds are grayish buff in color
(some varieties have almost white seeds) , about the size of wheat,
but flattened on sides and ends, very hard, and have a rough,
gritty surface. In some varieties pods are formed from just above
the ground to the very top of the plant. Because they are born
in clusters guar in some countries is known as the "cluster bean."

Guar produces a distinct taproot which penetrates even heavy
soils deeply in search of moisture and plant food. The main tap-
root is larger and longer in Mesa guar than in the Texsel variety.
Large side or lateral roots also are more common in the Mesa
guar.

USES OF GUAR

So far only a few of the uses of guar are known. The first tests
with guar in Arizona were made to learn about its soil-building
properties. In that respect guar has proved better than any other
summer-grown legume at the Mesa Experiment Farm. But that
point will be discussed more fully later.



AR IN ARIZONA

Plate II. -A Guar Variety Nursery at Mesa Experiment Farm. (Variety
rows run across the border from left to right.

The big boost in interest in guar has come from the proved and
possible uses of the seed in industry. To quote the former General
Mills Research Laboratory field representative in Arizona:

Guar may soon become a major domestic source of mannogalactan gum,
one of the so- called hydrócolloids which are becoming increasingly im-
portant to American industry. During the past ten years, vegetable gums
have found a wide variety of uses in food, paper, and textile products.
They serve, for example, as stabilizing and thickening agents in salad
dressings, ice cream mixes, bakery products, and other foods. Textile
manufacturers use them in warp sizes, printing pastes and finishes, and
papermakers have found them a valuable aid in sizing and in the hydration
of cellulose fibers. At present, locust bean flour (from the carob tree) ,
obtained from the seed of a pod- bearing Mediterranean tree, is the most
widely used mannogalactan gum, but since it must be imported, supplies
are relatively uncertain, and commercial users have been looking for a
satisfactory domestic source of vegetable gum materials.*

He continues by stating that of many potential domestic sources
of the mannogalactan gum, guar is the only crop proved as a
possible consistent, easily regulated supply of a gum -containing
seed.

While we knów but little of the total future possibilities of
guar, it is known that a high protein residue remains after the
main product - the gum - has been removed. That residue is

*Since preparation of this manuscript was started, it has been determined
that General Mills, Inc., has discontinued its processing program with
guar seed. For the time being, at least, there will be no industrial outlet
for the seed crop. Experiment Station interest will be continued because
we believe the crop has a place in our agricultural program. We shall
continue to investigate seed production problems; however, more attention
will be given to the uses of guar in soil improvement.
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palatable to livestock and it has been used successfully in mixed
feeds. In India young, green guar pods are used as human food.
The whole plant is used as a forage for cattle. Our experiences
with guar as a hay or pasture crop are discussed further on in this
publication.

DISCUSSION OF EXPERIMENTAL WORK
GUAR FOR SEED

Through 1946 our experimental work in growing guar was done
mostly at the Mesa Experiment Farm on fairly heavy soil de-
scribed as a Laveen clay loam.

Seed yields of guar were first studied in 1943. Tests included
rates of seeding, dates of seeding, flat planting vs. bed planting,
seed inoculation, irrigation treatments, and some work with fer-
tilizers. Similar types of work were continued in 1944 and 1945,
all being done using the variety known as Mesa guar ( "regular"
or "ordinary ") . That variety came about as a selection from a
mixed lot brought to the United States as a Foreign Plant Intro-
duction. In 1946 only an irrigation test was run but both the Mesa
and Texsel varieties were used. The latter is an entirely different
type of plant than Mesa guar. Texsel usually has no basal branches
and normally none high on the plant. It sets seed during the
midsummer period, which Mesa guar seldom does, and it matures
its crop fully a month earlier. See Plate III.

The results of the Mesa Farm experiments are summarized in
some of the following sections and paragraphs.

PLANTING METHODS

We have grown Mesa guar in rows spaced from 7 inches through
35 inches apart. While the results have not been fully conclusive
they have shown rather better yields for the closer spacings.
Seven -inch and 12 -inch spacings have been better than those rang-
ing from 24 to 36 inches with the Mesa variety. More experience
is being gained about this cultural problem at the Mesa Experi
ment Farm but some of the earlier results are shown in the
following table:
TABLE 1.- YIELDS OF MESA GUAR AS INFLUENCED BY SPACING

BETWEEN ROWS WHEN GROWN AT MESA EXPERIMENT FARM

Year Spacing Lb. seed per acre
1943 7-inch 1048
1944 12-inch 1587
1944 24-inch 1047
1943 35-inch 825
1944 36-inch 876

Such results might not be had on land where weeds make culti-
vation necessary.

With the Mesa variety we had much better yields from flat
plantings than from bed plantings in 1944. That year yields from
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Plate III.- (Left) A Partly Defoliated Plant of Mesa Guar; (right) Texsel
Guar Plants, one defoliated, one with leaves.

various rates of seeding. averaged 1,316 lb. per acre from flat
plantings while bed plantings produced 666 lb. of seed per acre.
We believe that under some soil conditions, with the usual farm
irrigation setup, and when using a variety such as Texsel the
bed or ridge planting may prove more satisfactory (see Plate IV) .

Plate A commercial field of Texsel guar planted on lettuce -type beds.
Spaced 12 inches apart on beds and 28 inches between bed centers. Planted
June 25 and harvested October 27. Photo, Sept. 20, 1947, courtesy General
Mills, Inc.
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A spacing test was run in 1947 using Texsel but final yield data
were not available to include herein. On a thresher -run basis,
the 12 -inch and 14 -inch spacings between rows produced higher
yields than either the closer or more widely spaced plantings.

Guar does not tiller or stool as do various other crops. It is
probable, therefore, that only experience on a given piece of
land will tell a grower what to consider a proper stand or plant
population.

PLANTING DATE
Not until 1947 have we had a test on planting dates to include

other than the Mesa guar. A primary objective with that variety
has been to plant early enough to mature the crop before fall
rains and frosts if possible.

The yields secured from the different dates of planting in 1943
and 1944 are given in Table 2.
TABLE 2.- YIELDS OF MESA GUAR AS INFLUENCED BY PLANTING

DATE WHEN GROWN AT MESA EXPERIMENT FARM
Planted Yield per acre (lb.) Planted Yield per acre
5/15/43 1482 5/20/44 1609
6/3/43 1487 6/3/44 1540
6/19/43 1411 6/16/44 1855
7/6/43 1486 7/5/44 1192

7/14/44 1244

It is of interest to note the yields for the two years. Planting
date in 1943 seemed to have no effect on Mesa guar yields. In
1944 yields from both July plantings were distinctly lower than
from May and June plantings. A study of the temperature records
for the two seasons shows mainly that mean maximum tempera-
tures for August were from 5 to 8 degrees F. higher in 1944 than
in 1943. Experience has shown that Mesa guar does not set seed
well during midsummer. It may be that the higher maximum
temperatures during August of 1944 caused the July -planted
guar to shed much of its early bloom. At the same time the guar
from May and June plantings had set a good crop of pods by
the time the hot weather set in.

Although the above data do not show similar results for the
two years we believe now that guar for seed should be planted
during the period June 1 to June 15 under Salt River Valley con-
ditions. No doubt somewhat earlier planting should be practiced
at higher elevations and later planting would be satisfactory at
lower elevations in southern Arizona. The use of the earlier
Texsel variety, or others which may replace it, may result in

some change in date of planting recommendations. The main ide,
is that guar germinates more rapidly in a warm soil. Quick
germination results in an earlier stand which offers greater com-
petition to weeds -a real enemy of guar. Then too an early crop
well handled will have a better chance to mature ahead of fall
frosts and rains which delay harvesting and reduce yields and
quality.
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In our 1947 tests at Mesa Farm three different varieties, includ-
ing Texsel and Mesa, were planted on May 12, May 31, June 23,
and July 12 (see Plate V) . There were a number of green pods
in the July 12 plots of even the early Texsel variety when a
rather early killing frost (27 degrees F.) occurred on November
7. There were several green pods on the Mesa guar even from
the May 30 planting when the killing frost occurred.

Guar pods seem to mature slowly during the shorter, cooler
fall days, and immature pods will withstand but very little
"frost- line" temperature.

Yields from the 1947 variety and date of planting test are
given in Table 3. It should be stated that plants in the May 12
plots of all varieties were damaged by insect pests. Presumably
some type of migrating sucking insect (a leafhopper) was the
causal agent. (See insect section) . The injury frequently resulted
in death of the plants as is indicated by the stand reduction shown
in Plate V. The first planting of Texsel and Mesa guar was injured
worst, with but few plants killed in the May 31 and later plantings
of any variety.

It is possible that for the Texsel and Fine Branching varieties,
yields from the May 12 planting would have equalled or perhaps
exceeded those from the May 31 planting had it not been for the
stand reductions. It is probable too that many plants, damaged
but not killed, lacked vigor and failed to bloom and set fruit
freely.
TABLE 3.- YIELDS IN POUNDS OF SEED PER ACRE AND PERCENT-
AGES OF HIGH QUALITY SEED FOR THREE VARIETIES OF GUAR
WHEN PLANTED ON FOUR DIFFERENT DATES, MESA EXPERIMENT

FARM, 1947

Date
Planted

Varieties

Fine Branching Mesa Texsel

Yield
Per Cent*

Good Yield
Per Cent

Good Yield
Per Cent

Good

May 12 2098- 91.6 1569t 86.6 11471. 95.0

May 31 2422 83.6 1638 91.5 2530 95.0

June 23 2088 88.3 1804 91.4 1785 96.7

July 12 1863 76.6 1814 88.3 1344 98.4

Averaget 2124 1752 1886

*Percentages of bright, plump seeds.
f Due to stand damage, May 12 yields not included in varietal averages.

The yield data by themselves do not tell the whole story. Seed
quality as shown in Table 3 is an important factor in evaluating
the results secured. The percentages of bright, plump seeds ran
high for all planting dates with the Texsel variety at Mesa
Farm. Likewise, the Mesa guar was not seriously affected in
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quality by the late planting. The quality of the Fine Branching,
however, was distinctly lower from the latest (July 12) planting
date. When the killing frost occurred on November 7, as indicated
previously in this section, there were many immature pods on
the Fine Branching variety from the July 12 planting. The Mesa
variety did not set such a late crop, hence, it was damaged less
by the frost than was the Fine Branching seed.

The results secured in a somewhat similar test run at Tucson in
1947 are given in Table 4.

TABLE 4. -SEED YIELDS IN POUNDS PER ACRE AND PERCENTAGES
OF HIGH QUALITY SEED FOR THREE VARIETIES OF GUAR PLANTED
ON THREE DIFFERENT DATES, UNIVERSITY FARM, TUCSON, 1947

Date
Planted

Varieties
Fine Branching Mesa Texsel

Yield
Per Cent*

Good Yield
Per Cent*

Good
Per Cent*

Yield Good

June 17 2591 70 2536 77 2062 68

July 3 2202 82 1906 84 1844 79

July 17 2128 69 2066 70 1796 86

Average 2307 2169 1901

*Percentages of bright, plump seeds.

It is realized now that an earlier planting schedule should
have been arranged for Tucson. Immature pods were present on
all varieties in the July 17 plantings when frost occurred at the
University Farm on November 4. Green pods were common also
on plants of Fine Branching and Mesa guar in the July 3 plant-
ings.

As indicated elsewhere in this publication, even mature guar
seeds are likely to become black and of little industrial value if
the pods are wet by rain or irrigation water. Frost -killed pods
are likely to develop blackened seeds especially if rains occur
after the frost as they did at Tucson in November, 1947. The rela-
tively low percentage of bright, plump seeds in all three varieties
from the June 17 planting was due to several rains which occurred
after the crop was mature but before it could be threshed. With
the July 3 planting most of the pods of all varieties were mature
before frost but they were not exposed to rain for so long a
period before being harvested as were those on the earlier plant-
ing. From the last planting date much of the seed of Fine Branch-
ing and Mesa guar was frost damaged and discolored while but
little of the earlier maturing Texsel was injured.

The foregoing data emphasize the fact that, where fall rains
are common or likely to occur, it is of great importance to pro-
mote early and complete maturity of guar seed if possible before
a killing frost occurs.
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PLANTING RATE
The answer to the question of how much seed should be planted

per acre is about the same for all crops, namely, "it depends on
several conditions." It is highly important to secure a full stand
of vigorous guar to compete with the weeds. Poor quality seed
can be an important factor affecting stands as shown in Plate VI.
With good quality seed, a well -prepared seedbed, and proper
planting methods we have found from 15 to 18 lb. of Mesa guar
per acre to be about right. The following table shows the yields
secured in 1943 and 1944 from the different rates and methods
of seeding.
TABLE 5.-YIELDS OF MESA GUAR AS INFLUENCED BY SEEDING

RATE WHEN GROWN AT MESA EXPERIMENT FARM

1943 yield in lb.
Lb. seed Bed

.1944 yield in lb.
Flat Lb. seed. Bed Flat

3 984 948 5 636 976

6 937 893 10 591 1372

12 1088 1054: 15 731 1252

18 1139 1021 20 706 1328

No seeding rate tests have been run with the Texsel or Fine
Branching varieties. Seed of Texsel, however, is smaller than
Mesa guar (see Table 6) so we are using only 12 to 14 lb. per acre
of that variety. Fine Branching seed is somewhat larger but we
have planted it satisfactorily at the same rate as for Mesa guar.

It is possible that higher seeding rates would be advisable when
planting guar as a green manure crop. Even then we would not
recommend more than 20 to 25 pounds of the small- seeded and
25 to 30 pounds of the larger- seeded varieties.
TABLE 6.- NUMBER OF SEEDS PER POUND IN MESA AND TEXSEL

GUAR

Variety Approximate no. of seeds per 16.
Mesa
Texsel

14,000 to 15,000
16,000 to 18,000

With Mesa guar the number of basal branches per plant is
reduced by thicker stands. Since the basal branches bloom later
the thicker stand may promote earlier maturity. In Texsel thick-
ness of stand seems to have no influence on number of basal
branches. It has been noted, however, that in thicker stands of
Texsel, the first blossoms occur higher above ground. That is a
desirable result since often the pods on Texsel occur so low that
they are missed by the harvester.

SEED TREATMENT
Some kinds of crop seeds require various special treatments

to insure good stands and satisfactory yields. Chemical treatments
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'

Plate VI.-A commercial field of Texsel guar showing a poor stand result-
ing from using seed which germinated only 61 per cent. Photo
courtesy General Mills, Inc.

are used to prevent certain plant diseases. Some legume d
should be inoculated with bacteria to promote nodule formation
on the roots. Other legumes have very hard seed coats which
must be scratched or scarified to allow water to enter so the
young edling can germinate and grow.

We have some evidence on these various treatments in relation
to guar under Mesa Farm conditions. We know it is highly
important to secure a stand of plants as rapidly as possible. Guar
plants which germinate and come to a stand quickly have been
found to outgrow slower starting plants as shown in Plate VII.
We have found too that guar runs high in "burd" seeds. The
hard seed couditioocuo6e overcome by mechanical scarification
or by treating the seeds with strong sulphuric acid for fifteen to
twenty minutes, then washing the seeds thoroughly with water.
Some seed firms in Arizona have equipment for mechanical
scarification, while acid delinting equipment for cotton could be
adapted readily to acid-scarify guar seed.

Chemical seed treatment and artificial inoculation of guar have
been studied a little but we have no definite experimental evi-
dence yet on either. To date we have not been successful at Mesa



Plate VII. -Plants on left from scarified seed, on right from unscarified.
Both planted on same date, given the same culture, and photographed the
same day.

Farm or University Farm in securing inoculation and nodule
formation using approved commercial cultures. We are sure that
well- nodulated guar will be more efficient in taking nitrogen
from the soil air to fix it in the plant. Some new bacterial cultures
were tried in our experimental program in 1947 but they did
not produce nodules at Mesa or Tucson. Successful nodulation
has been secured on the sandy soil on the mesa at Yuma, Arizona.

We have not secured measurable differences from the chemical
seed treatments tried to date. Some growers have reported
favorable results on stands from plantings with "checks" com-
paring treated and untreated seed. Scarified, chemically treated
seed comes to a stand quickly if planted in warm, moist soil and
it should resist better soil -borne diseases which attack young
plants.

Our work to date, however, does not warrant recommending
the chemical seed treatment although it is quite inexpensive.

WEED COMPETITION

In commercial fields of guar there has been a close relationsuip
between degree of weed infestation and final harvested yields of
seed.

Much of the battle against weeds is won before any crop is
planted. Pre -planting irrigation followed by thorough disking
and harrowing is helpful in setting weeds back.

Unscarified guar seed tends to sprout slowly in cool soil and
it grows off rather slowly at first. If properly treated seed is
planted in a well- prepared seedbed, however, guar should be
well ahead of the weeds by the time the first after -planting irri-
gation is needed (see Plate VIII) .

Partial to complete failure has followed both experimental and
commercial plantings when guar has been "irrigated up." About



Plate VIII. -A nearly perfect commercial field of guar thirty -five days
after planting. No weeds -a result of good culture, including seed which
germinated 96 per cent. Photo, courtesy General Mills, Inc., taken just be-
fore first irrigation after planting.

the only exception to this has been when guar was planted on
beds in dry soil and sprouted by subirrigating. Where soil or
irrigation water has been high in salts, trying to "irrigate up"
has been a dismal failure in most commercial plantings.

If weeds are known to be a serious problem guar should be
planted in rows spaced to permit early cultivation with special
equipment. Careless weeds (Amaranthus spp.) , wild tomato
(Physalis wrightii) , Johnson grass, and water or barnyard grass
are all serious pests in southern Arizona. If they are started to
grow with the guar by irrigating after planting those weeds
will likely win the race. Plate IX shows how weeds may invade
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Plate IX.-A commercial field of guar seriously infested with weeds as a
result of irrigating soon after planting, followed by frequent light rains.
Courtesy General Mills, Inc.

guar and outgrow it if an attempt is made to get a stand by
irrigating up.

IRRIGATION PRACTICES

How should guar be irrigated? This question cannot be
answered definitely for any crop unless the soil conditions are
known. Irrigation tests using Mesa guar have been run co-opera-
tively by Karl Harris, Agricultural Engineer, formerly with the
U.S.D.A., Bureau of Plant Industry, Soils and Agricultural
Engineering.

There are a few basic rules or principles for irrigation. First
of all, guar is definitely a low water-requirement crop. With its
deep root system it penetrates the soil to unexpected depths in
search of water and plant food. We know that the soil should
be wet to a depth of 6 or 7 feet before the guar crop is planted.
Our experience at Mesa indicates that if both seed quality and
yield are considered, time of application of the first after-planting
water is more important than frequency of irrigations or total
amount. That conclusion, of course, applies to the rather heavy
Laveen clay loam Mesa Farm soil and it is based on the practice
of having at least a 6-foot water storage before planting the
crop.

The highest total net yields of seed in an irrigation test at Mesa
Farm in 1947 using Fine Branching and Texsel were secured
from plots irrigated only twice after planting. The first after-
planting irrigation was given to those plots fifty days after
planting. Despite that rather drastic treatment both varieties
yielded about 15 per cent more seed than was produced by three
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after -planting irrigations, the first of which was applied only
twenty days after planting. Seed quality analyses have shown
but little effect of any irrigation treatment on the Texsel seed.
With the Fine Branching, however, there was much more imma-
ture seed on the plants which were water -stressed early as com-
pared with those watered early (twenty days after planting)
and given a final irrigation on August 21.

Until experimental work produces more conclusive results
than we have secured to date our recommendations for irrigating
guar on medium to heavy textured soil are as follows:

1. Assume planting between June 10 and 20 into a seedbed
wet to a depth of 6 to 7 feet.

2. 1st irrigation (4 acre -inches) after planting -July 15 -20.
3. 2nd irrigation (4 acre -inches) -Aug. 5 -10.
4. 3rd and last irrigation (4 acre -inches) -Sept. 1 -5.
On the Gila fine sandy loam soil on the University Farm,

Tucson, five irrigations after planting were required to produce
yields ranging from 2,000 to 2,500 pounds on a net acre basis.

Our experience indicates that late irrigations only tend to
delay crop maturity and add little if any to expected yields or
quality of seed produced.

Work done by Harris in 1946 showed conclusively the import-
ance of deep, early water penetration. He found that a total of
15.91 inches of water was withdrawn from the soil by Mesa guar
between planting time, June 25, and November 12 when the plant
growth had been checked by killing frost. Table 7 shows the
amounts used in inches per foot layer of soil and the proportion
of the total used from each foot.

TABLE 7.- INCHES OF WATER WITHDRAWN FROM THE SOIL BY
GUAR PLANTS DURING A FULL GROWING SEASON, MESA EXPERI-

MENT FARM

Soil layers 1st foot 2nd foot 3rd foot 4th foot 5th foot 6th foot
Inches used 3.93 4.11 3.02 1.75 1.79 1.31

Per cent of total 24.7 25.8 18.9 30.6

SOIL ADAPTATION

Does guar like our Arizona soils? The answer to this question
is "yes" almost without exception so far as our experiences to
date are concerned. In one recent year guar (Mesa variety) was
grown on soils ranging from a coarse gravel through sandy and
silty loam to heavy clays. The yields secured on both the light
and the heavy soils varied greatly, but fully as much on the
heavy soils as on the light ones.

Guar has produced experimental plot yields as high as 2,500
lb. of seed per net acre on the Laveen clay loam at the Mesa
farm. Similar yields were produced in 1947 on the Gila fine sandy
loam at the Experiment Station Farm at Tucson.
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-
Plate X.-An ideal guar seedbed. Field plowed dry and irrigated, allowed
to dry on the surface, then harrowed lightly and allowed to "cure" several
days before fitting for planting simply by harrowing.

Some commercial growers' experiences have shown that guar
seed yields are lowered by heavy alkaline soils. Yet in India
guar is used as a green manure crop in programs to reclaim
alkaline soils. Growers' experience and experimental trials at
several places in Arizona have been unsuccessful in securing
stands of guar on "salty" lands by irrigating after dry planting.

Growth and yield of guar have been very poor on some heavy
textured soils in southern Arizona. We believe the trouble has
been due to a poor soil tilth brought about by working the soil
when too wet or to puddling the soil by irrigating to try to
get a stand.

It can be stated firmly that good stands and good growth of
guar have been secured on a wide range of soil types when
those soils have been well handled. It cannot be overemphasized
that best results with guar have been secured by good soil man-
agement. Generally speaking a heavy pre-planting irrigation
followed by a well-timed seedbed preparation to preclude
puddling will result in a good stand on any Arizona soil ranging
from sandy loam through the rather heavy clay loams. Plate
X shows an ideal start of guar produced on a well-prepared
seedbed at Mesa Farm.

FERTILIZATION OF SOIL

To date we have run no extensive fertilizer trials with guar.
In the early years of testing at the Mesa Farm guar was grown
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only as a soil -improving crop and no fertilizers were used. When
it became known that there was real value in the seed some
interest was developed in using fertilizers to increase yields.

In a preliminary test at Mesa Farm in 1943 phosphate fertilizer
was applied at a rate not recorded to a series of plots in combina-
tion with and without seed inoculation. In no case did the phos-
phated plots outyield those not fertilized. We don't consider those
results conclusive. We believe that on many southern Arizona
soils guar will show a profitable response to phosphate fertiliza-
tion and on some it may respond to nitrogen. We can't recommend
fertilizers, however, until we have experimental proof of their
value. In the meantime, some growers are sure they have profited
by using nitrogen -phosphorus combinations on guar.

CLIMATIC ADAPTATION

Without doubt guar is really suited to Arizona conditions. Guar
seems to be a sun -loving and heat -loving plant. In some of our
experiments with the Mesa variety no irrigation water has been
applied for sixty to as much as eighty days after planting into
a moisture -filled soil. Despite that drastic treatment we have
secured seed yields ranging from 460 to nearly 1,200 lb. per acre.

Although guar seems to like our hot summer weather, we do
not recommend starving the plants for water. Water- starved
plants of Mesa guar show but slight drouth symptoms as com-
pared with cotton or alfalfa. Such plants, however, stop growing
and with that variety shed off most of the summer bloom. Then
when late summer irrigation is given they make further growth,.

bloom and set a late crop of pods subject to early frost and wet
fall weather damage.

With just a little good management of irrigation water and
soil tilth guar can be made very much at home in our southern
Arizona climate. We do not know yet whether it will be found
suited to high- elevation areas in the state.

A small plot grown at Elfrida, Cochise County (about 4,000
ft. elevation) in 1947 was disappointing; however, growth con-
ditions were not favorable.

HARVESTING PRINCIPLES AND PRACTICES

The earlier the guar seed crop is harvested after it is mature
the better! Well -matured plants will dry out enough while still
standing to thresh well under normal fall weather conditions.

Unfortunately, with the old Mesa variety, the plants are likely
to remain green till late in the fall and to carry a number of
green pods. Such plants stay alive and don't dry out enough to
thresh well until killed by frost. Then rainy weather may set in
accompanied by dews, so that combining may be delayed. Such
delays are likely to result in discolored beans and generally lower
quality seed.

Our experience, and that of a few growers, with the new
Texsel variety indicates it has a more definite ripening period.
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Under Mesa Farm conditions Texsel will be ripe, dry and ready
to harvest fully a month earlier than the Mesa or Fine Branching
varieties. In 1946 Texsel was ready to combine in late November,
while Mesa guar could not be combined until over a month
later and both had been planted on June 25. In 1947 Texsel
from early June plantings could have been combined by mid -
October at Mesa Farm. At that time Fine Branching and Mesa
guar plants were still green.

The common practice in southern Arizona has been to harvest
by direct combining. Some growers have tried to hasten the
threshing date by mowing and windrowing but that method has
not proved very helpful. In some seasons when rain and dew
have been common during the harvest season it has been found
that standing guar dried off for threshing sooner than did the
windrowed crop.

A harvesting method test was run at Mesa Farm in 1947.
Plots handled alike throughout the growing season were divided
at harvest time, one half being cut and windrowed, then
threshed from the windrows, the other half being threshed by
direct combine harvesting. We recovered only about 70 per cent
as much seed by the windrowing method as was secured by
direct combining.

Guar pods do not break open readily to shatter the seeds out
as do some pod- bearing crop plants unless the plants have been
subjected to frost followed by rains. It is generally safe, therefore,
to allow the plants to stand in the field until dry enough to
thresh well.

Several different makes of combine harvester -threshers have
been used on guar by growers. Proper adjustment of the concave
is important in doing thorough threshing. The rub -bar type con-
cave as used for flax seems to be quite satisfactory as long as the
plants and pods are quite dry and brittle. Under some conditions
steel concave teeth have recovered more seed. The apron or
draper type combine seems to work more satisfactorily than the
auger type.

HARVESTING PROBLEMS

There are three or four main problems in harvesting guar.
Probably the major one is to harvest without knocking the pods
off before the plants are cut and dropped onto the apron of the
combine. The small fruit branches bearing the clusters of pods
are quite easily broken when the plants are ripe and dry. That
is true also of the pod bases themselves. The whole plant, further-
more, tends to be stiff or tough. When the combine is set low in
an effort to get the low -set pods, the reel position must be adjusted
carefully. If the sickle strikes the plants before they are caught
and bent back by the reel the "jar" is most likely to knock many
pods off onto the ground. Pods also may be broken off by the reel
as it strikes single plants.
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In commercial fields losses from the foregoing causes have
amounted to as much as 400 lb. per acre. With our experimental
plantings at the Mesa Farm actual "counts" on pod losses have
run even higher. Such losses are most costly and may well turn
into a failure what might have been a profitable crop.

Even rather heavily lodged guar was harvested with a mini-
mum loss at Mesa Farm in 1947 with the combine reel taken off
entirely.

A second harvesting problem is to set and operate the combine
so as to pick up the pods which may be borne quite close to the
ground. The position of pod set seems to depend on such factors
as the variety, the plant spacing, and weather conditions during
the early- flowering period. In general, with Texsel, pods are
borne somewhat closer to the ground than with Mesa or Fine
Branching guar. Furthermore, if weather factors are not favorable
while Mesa guar begins to bloom, the flowers shed off, the plants
"go vegetative," and no pods may be set near the ground. On
some of our irrigation test -plot plants at the Mesa Farm there
were no pods set on Mesa guar below about 16 inches from the
ground. The Fine Branching variety is similar to Mesa in this
respect. Under similar conditions Texsel sets pods from near the
ground to the very tops of the plants.

We have found, furthermore, that closer spacing of Texsel
tends to result in fewer pods being set close to the ground. It is
most difficult to save pods which are set on the plants below
about 5 or 6 inches. Texsel guar planted in solid drill rows at
Mesa in 1947 set very few pods below 6 inches above ground.
On spaced plantings (4 inches between plants 12 -18 inches be-
tween rows) many pods were set at no more than 3 inches above
ground.

Another problem mentioned in the previous section is to set
the concave spacing and cylinder speed so as to do a clean,
thorough job of threshing the seeds from the pods.

EQUIPMENT FOR GROWING GUAR
Our experimental crops of guar have been produced without

special equipment. Plows, spike -tooth harrows, disks, floats or
drags, drills, and combine -harvesters are standard equipment on
most Arizona farms growing general crops. Bedding equipment
and row -cultivators will be needed for bed planting or for culti-
vating. If fertilizers are to be used, standard spreaders for surface
application are all right for guar planted in 12- to 18 -inch rows
with a drill.

Some growers have tried row -planting using a beet -and -bean
planter followed by cultivation with a special narrow -row culti-
vator. We have not used such equipment. It may be all right but
it is not necessary.

MARKET POSSIBILITIES
Through 1947 most guar grown for seed in Arizona was sold

to Gt.neral Mills, Inc., for processing or for planting seed. There
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have been a few farm -to -farm sales for planting in soil building
programs.

Other firms are becoming interested in guar seed and it is
possible that new industrial outlets will develop. At present
the processing outlet is limited. Actually, processing and the
industrial uses of "guar flour" still are in the experimental or
very early stages of development. Therefore, no early increase
in demand for seed is expected.

We believe firmly, however, that guar has a real future in
southern Arizona as a soil- improving crop. Guar should become
increasingly more useful and popular if and when crop price rela-
tionships become more "normal." Its wider use as a green manure
crop also depends upon a more normal supply of irrigation water
than is currently available in many of our areas.

GUAR AS A SOIL -IMPROVING CROP
In a series of tests run at the Mesa Farm over a five -year period

guar proved to be more effective as a green manure crop than
several other legumes tried. Table 8 gives the five -year average
yields of barley secured after turning under the different legumes.

TABLE 8.- BARLEY YIELDS AS INFLUENCED BY TURNING UNDER
GUAR AND OTHER LEGUMES, MESA EXPERIMENT FARM

Green manure crop Average yield lb. per acre

Guar 4,573
Sesbania 3,826
Tepary beans 3,684
Crotalaria juncea 3,540
Cowpeas (Brabham) 3,491
None (check) 2,894

Plate XI shows a stand of guar with plants 2 feet high in
early August less than sixty days after planting. Such a stand
could be used effectively as a soil- improving crop to turn under
ahead of fall seeded vegetables in southern Arizona.

INSECT PROBLEMS
No entomological studies have been made yet on guar in Ari-

zona. However, there have been no serious insect problems to
date. We think that some insects of undetermined species may
have been responsible for some damage. Plant stand losses have
occurred in some commercial plantings during recent years. The
same experience has been had with some of our experimental
plantings.

In 1947 variety and date of planting tests were made at four
of the Experiment Station farms, namely Mesa, Safford, Tucson,
and Yuma. In every instance some losses in stand were experi-
enced but mainly with the earlier plantings. At Mesa Farm, for
example, stand losses were quite heavy in a May 12 planting.
That result is shown clearly in Plate V on page 12.
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Plate XI.-Guar grown for soil building makes a rapid, heavy growth to
plow under.

At about the time the photograph was taken, counts were made
in the remaining plants of the three varieties to determine the
numbers damaged but not killed. On a percentage basis Texsel
showed 52 per cent damaged while Mesa guar had 71 per cent
of the remaining plants damaged in the May 12 planting. Counts
were not made in the other plantings, but there had been but
little loss in the May 30 plantings and almost none in the June
and July plantings.

The damaged plants usually were distinctly stunted; the leaves
were rather thick and misshapen, often yellowed, and such plants
seldom set a respectable crop of pods (see Plate XII) . Seed yields
of Texsel were distinctly reduced while those of Mesa and Fine
Branching were affected as Table 3 shows.

The cause of the foregoing damage is not known yet. Some type
of migrating insect is suspected, however, from the nature of the
injury and from the fact that it was much less noticeable in the
later plantings. A similar type of injury is common on other
crops in southern Arizona. In some cases various species of leaf-
hoppers are known to be the disease carriers.

The only control suggested at present is to delay planting of
guar until about the first half of June in the Salt River Valley.
Somewhat earlier planting might be safe in Yuma and the lower
Gila Valley.

Some species of stinkbugs are known to infest guar fields.
Without doubt they cause some damage to the young fruiting



(3 EXPERIMENT STATION BULLETIN 216

Plate XIL-Guar plants showing (in foreground) the effects of leafhoppe
damage, Mesa Experiment Farm, 1947,

parts and they may cause some pod shedding. It has been sill,
gested that stinkbug feeding may be the cause of the occasional
giant stalked, off-type plants found in 1947 in most commercial
and experimental fields of Texsel guar.

Grasshoppers frequently are found in guar fields, but there
has been no evidence of any serious damage by that common
crop pest.

A few guar plants examined have shown stalk damage by some
sort of borer. No accurate identifications have been made, but
from casual descriptions the causal agent is thought to be the
lesser corn borer.

No other insect pests have been seen working on guar in south-
ern Arizona, nor has there been evidence of injury caused by
other insects.

GUAR AS A COMPANION CROP
In some areas two crops are seeded at the same time on the

same land. One crop may mature and be ready for harvest, per-
haps as hay or even as seed, before the other. That setup is called
"companion" cropping. Alfalfa and flax have been so handled to
a limited extent in southern Arizona, both of those crops being
suited to fall seeding.

In the colder parts of the United States clovers commonly are
seeded in the fall along with winter wheat. There has been some
interest in the possibility of using guar with small grains or with
flax in a similar way here in Arizona. The idea is that after
removing the grain the guar would take over without further
seedbed preparation and occupy the land during the summer
growing season.

We have carried out only one test of this sort using guar
planted with barley. In our test the planting was made late in
the winter, actually January 25, on a plot in poor physical and
chemical condition. Neither the barley nor the guar did well.
Although the barley made only a thin stand, the guar, drilled in



GROWING GUAR IN ARIZONA 27

rows, never came up to produce a stand worth growing out for
harvest.

The idea is worth considering in a program of economical
cropping. It will have to be tried out more thoroughly before we
can recommend it or discard it.

HAY AND PASTURE POSSIBILITIES
In India guar is well known as a forage crop. Like most legumes,

it has a high feed value. It compares favorably with alfalfa in
this respect. Its usefulness in Arizona might be increased if it
could be used for pasture or hay - especially if such usage could
be followed by growing a crop of seed.

We have had only one small -scale pasture trial with guar, using
the Mesa variety. Neither beef nor dairy cattle grazed guar readily
at first. After becoming used to it, however, dairy calves showed
no dislike for young guar. There was some trouble with "scours"
until hay or straw was fed along with the pasture. The crop was
not started early enough to try to make a seed crop after the
pasturing was stopped.

Texsel guar does not bud out freely to produce new growth
after cutting. That variety definitely has no possibilities in a
combination hay (or pasture) and seed production program.

In 1947 we planted the Mesa and Fine Branching varieties on
May 20 in triplicate plots. One plot of each variety was cut for
hay on July 19 when the Mesa guar was 14 inches tall. The plants
were cut high (5 -6 inches) to permit more rapid regrowth
Another set of plots was cut in a similar manner on July 29 when
Mesa guar was about 28 inches tall, and a third set was cut on
August 2 when Mesa plants averaged 28.6 inches.

After the one cutting all plots were treated alike being allowed
to produce seed. Yields of green forage from the different cuttings
and subsequent seed yields from the different cuttings were as
follows:

TABLE 9.- POUNDS PER ACRE OF GREEN FORAGE AND A FOLLOW-
ING CROP OF SEED OF FINE BRANCHING AND MESA GUAR CUT AT
DIFFERENT DATES, UNREPLICATED PLOTS, MESA EXPERIMENT

FARM, 1947

Cutting data Varietal yields

Dates
cut

Days
after

planting

Av. height
when

cut*

Green foraged Seed$

Fine Mesa
Branching

Fine Br. Mesa
Uncut Cut Uncut Cut

July 19 60 14 in. 717 1494 1667 1155 1690 1190

July 29 70 28 in. 807 1075 1833 1464 1762 1369

Aug. 2 74 28.6 in. 1494 1912 1714 1214 1250 1012

Av. 1738 1278 1567 1190

Seed loss due to cutting 460 377

*For footnotes see next page.
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From the first cutting the yield of hay was too light to permit
removing it readily from the high stubble. The later cuttings of
course produced forage which was fairly readily gathered. Table
9 shows how cutting for hay on the average affected the final
yields of seed. The seed crop at the current prices was reduced
from $28 to $30 per acre in value. It is doubtful whether, consider-
ing the extra costs, the hay crop was a profitable undertaking.

The early -cut guar produced a fair crop of seed which matured
early enough to escape serious frost injury. In those plots cut
early, however, there was a heavy invasion of water grass which
no doubt reduced the seed yields more than did some of the later
cuttings and which made combining more difficult.

Maturity was so delayed in the guar cut for hay on July 29
and August 2 that only a portion of the seed crop could mature
before killing frost occurred on November 6 -7.

From our rather limited experience we believe a combination
guar -hay (or pasture) and seed program has but limited possibili-
ties. It may be that by planting Mesa or Fine Branching guar
early (May 1 -15 in Salt River Valley) and under favorable con-
ditions, a fair crop of hay followed by a profitable crop of seed
can be secured. We don't think that has been realized yet at
Mesa Farm. In any event, land would seldom be available in
southern Arizona for an early May planting of guar in a hay
and seed production program.

HOW GUAR FITS INTO A CROPPING SYSTEM

At present guar competes to some extent with flax, small grains,
and sorghums for land and labor in southern Arizona.

In the spring, when land should be prepared for guar planting,
flax -or even small grain harvesting may interfere and delay it.
We believe that maximum yields of even the early Texsel variety
can't be had in Salt River Valley by planting after about July
10. With the later maturing, branching varieties that date is too
late.

If guar is to follow flax, or small grains even, it is sometimes
difficult to finish harvesting and get the land ready to plant at
the best date.

At the other end of the season a late- planted or late- maturing
variety of guar may not be ready to combine in time to follow
it with flax. We have found, however, that Texsel guar planted
in June has been ready to combine by early November. Following
the guar harvest a very good flax seedbed can be prepared merely
by irrigating followed by a thorough disking of the guar straw
and stubble.

*Av. height of Mesa variety.
Yields only indicative as green material could not be readily and accurate-
ly gathered from the tall stubble.

*Seed yields shown are from plots not cut at all and from those cut once
at dates given.
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Such a setup likewise provides a good situation for seeding
any of the small grains or even alfalfa in early December in
southern Arizona.

In the summer, of course, guar competes with the sorghums
for land, labor, and water. We know, however, that solid -drilled,
properly handled guar requires less labor and less water than
do the sorghums to produce a satisfactory crop. We don't have
experimental evidence to prove it, but we believe too that guar
grown for seed will not be damaging to following crops as are
the sorghums. Statements of several Salt River Valley growers
are in agreement with this belief.
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II. DISEASES OF GUAR

BY R. B. STREETS

A survey of the literature for references on diseases of guar
revealed a condition unique in the writer's experience. Although
guar has been cultivated extensively in India and was introduced
into the United States before 1908 (9) only a few very brief
references to diseases of guar have been found. Butler (2) men-
tions briefly two diseases attacking guar in India: a leaf spot and
a powdery mildew. Except for an abstract on a new virus disease
by Chester (3) references have been from annual reports and
brief mention in bulletins. Weiss (18) gives a brief tabulation
of the diseases of guar reported to the Plant Disease Survey
Office of the U.S. Department of Agriculture. As there is no
readily available source of information on diseases of guar, it
seems worthwhile to record the incomplete data now available
for the benefit of those growing this new crop in the Southwest.
Some of the diseases described are more conspicuous than
injurious but are included for completeness. Field observations
on experimental plots and commercial fields began in 1943, and
guar has been grown as a Phymatotrichum -root -rot resistant
legume since 1944.

ROOT DISEASES

TEXAS ROOT ROT - Phymatotrichum omnivorum

The wilting and death of guar plants in late summer and fall
may be due to killing of the roots by the root -rot fungus. It is
necessary to examine the surface of the roots for the fuzzy, tan,
threadlike strands of the root -rot fungus to distinguish this dis-
ease from the next two (Plate XIII, A) . In collecting roots for
examination they must be carefully removed from the soil to
avoid destruction of the delicate strands.

Guar has been reported to be resistant to root rot in Texas by
Taubenhaus and Ezekiel (16), and by Rogers (11) who reports
an average annual loss over a six -year period of 2.2 per cent. In
five years' experience in Arizona, the commonly grown branched
Mesa variety has proven highly resistant to root rot. In 1943,
eleven plots of .2A each (containing an estimated 2,000 plants
each) at Mesa and Tucson were grown to the end of the season
without detection of root rot, although the soil on which they
were planted was heavily infested by the root -rot fungus (13) .
In other seasons some plots showed the death of a few plants
from root rot, the losses totaling from .2 to .5 per cent (15).
Typical root -rot spots in which all plants were killed in an area
several feet in diameter have been observed only at the U.S.D.A.
Field Station at Sacaton in 1944.

The early maturing, unbranched Texsel variety of guar, how-
ever, was found to be moderately susceptible to root rot and



Plate XIII. -Root diseases of guar. (A) Texas root rot. The fungus strands
are mostly hidden by the soil clinging to the roots. (B) Sclerotium rot.
Readily identified by the abundance of whitish mycelium and brown to black
sclerotia. (C) Fusarium root rot. An early stage, plant recently wilted.
(Also shows discolored pith.) (D) Root of healthy plant. (Also shows
normal pith.)
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losses of 10 to 18 per cent of the plants have been observed (13,15).
Many new strains of guar including some tall -growing un-
branched types are being developed but these have not been
available for testing, so their resistance to root rot is not known.

The common Mesa variety of guar, therefore, ranks with ses-
bania as a highly resistant summer legume for seed or green
manure on root -rot infested land.

SCLEROTIUM ROT - Sclerotium rolfsii

The death of plants from attack by Sclerotium rolfsii was first
observed in Arizona in 1944 (14) when it was found in Pima,
Maricopa, and Pinal counties by the writer. This fungus is men-
tioned by Dickson (4) as occurring on guar in India.

The plants attacked die suddenly in late summer and if the
roots are carefully removed, an abundant, white fungus mycelium
can be observed on the stem and root at and below the soil line
(Plate XIII, B) . On the mycelium can usually be seen the nu-
merous, small mustard -seedlike sclerotia which are white when
first formed but soon become dark brown (Plate XIII, B) . The
sclerotia are vegetative resting bodies which function as the
"seed" of the fungus enabling it to survive periods unfavorable
to its growth. Sclerotium rot is easily identified by the abundant
white mycelium and numerous small sclerotia. It has so far
caused losses only in the wetter parts of some fields -the lower
ends of borders and other low spots where irrigation water
accumulates.

Fields where sclerotium rot is increasing should be rotated
with resistant crops. Flax and cotton are susceptible, but the
grains and forage grasses are immune. Wet spots should be
eliminated by leveling and by care in irrigation. Only the Texsel
variety was found to be resistant in trials in Texas.

FUSARIUM ROOT ROT - Fusarium Sp.
A wilt and root rot causing the death of scattered plants in

September when the guar is 18 to 36 inches high has been a
common but not serious cause of loss in many fields (13). The
roots decay without the appearance of the characteristic strands
of root rot or white mycelium and dark sclerotia of Sclerotium
rot (Plate XIII, C) . The dead plants are soon covered by the rapid
growth of the crop and the older plants seem more resistant.

One or more species of Fusarium were isolated from diseased
roots in 1943 but healthy plants of the right age were not available
for inoculation at the time. Prasad (10) found that the two fungi
causing cotton root rot in Sind (India) , Rhizoctonia bataticola
(Macrophomina phaseoli) and Fusarium caeruleum, were patho-
genic to seedlings of guar and three other Indian crops. Dickson
(4) also reports from India a root rot of guar caused by the cot-
ton -wilt fungus, Neocosmospora vasinfectum. Apparently guar is
susceptible to a number of root invading organisms and further
study is needed to determine the cause of root rot in the South-
west.
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Where the loss from this root rot is appreciable, rotation with
other crops would be advisable.

BLACK ROOT ROT - Rhizoctonia solani
The death of guar plants 3 to 4 feet high was observed in a

field in the Lower Gila Valley (Yuma County) in 1943 (13). The
field had been in alfalfa for several years and the disease was
confined to certain areas. The cortical tissues of the roots were
covered with dark, coalescing lesions, and cultures yielded mostly
Rhizoctonia. In 1945, Smith (12), working in the same area on
a root rot of alfalfa caused by Rhizoctonia, solani, secured infec-
tion with the alfalfa fungus on guar and a number of other
legumes. It appears probable that the natural infection observed
was caused by this species.

Death of seedling guar plants 2 to 6 inches high is often due
to infection by Rhizoctonia.

Guar should not follow alfalfa which has shown an appreciable
injury from Rhizoctonia root rot.

ROOT -KNOT NEMATODE - Heterodera marioni*
The root -knot nematode, a tiny roundworm less than 1/16 inch

long, infests the roots of a large majority of cultivated plants,
causing the formation of swellings or "knots" on the feeding
roots of plants, and from slight to serious injury depending upon
the degree of susceptibility of the crop attacked.

Root knot has not been observed on guar in the field in Arizona.
Greenhouse tests by Hoyman (5) in which guar was grown in
soil heavily infested with nematodes indicate that guar is highly
resistant if not immune to the root -knot nematode. This is con-
firmed by earlier tests reported by Tyler (17) ; Bessey (1) 1911:
"Nematodes abundant, injury apparently not great "; and Mackie
(8) 1939; "Highly resistant; ordinarily only a trace of root knot
tested many years in the worst infested area."

Guar, therefore, will produce normal crops on land heavily
infested by the root -knot nematode, but may harbor a few nema-
todes so would not be first choice in a nematode eradication
program.

FOLIAGE DISEASES

ALTERNARIA LEAF SPOT - Alternaria brassicae?
Butler (2) reports: "Leaf spot sometimes attacks guar in

Madras (India) , but the damage has not been serious. The fungus
seems identical with Alternaria brassicae which attacks cruci-
ferous crops." Alternaria leaf spot infection was scant in the first
plantings of guar but has become more common recently. Its
prevalence apparently depends upon above normal rainfall and
humidity, as abundant infection followed by leaf shedding have

*A new bulletin by J. G. Brown, Root Knot in Arizona, Ariz. Agr. Exp.
Sta. Bul. 212, gives an extensive discussion of this disease and its control
under many different cropping situations.
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been observed under those conditions in Yuma and Maricopa
counties.

Leaf spot appears as dark brown areas of dead tissue of
variable size and shape. Ordinarily no fungus growth is visible
on the spots, but under high moisture conditions very tiny,
velvety black tufts of fungus mycelium and spores (Plate XIV,
E) may appear. Leaf shedding follows heavy infection and may
reduce the yield of seed or green manure.

Timely airplane dusting with sulphur would probably control
leaf spot if the value of the crop seemed to justify the expense.

MOSAIC - VIRUS NOT IDENTIFIED

The most serious disease of guar from the standpoint of loss
in yield is an undescribed mosaic disease (13) . In 1943, this disease
appeared in widely different amounts in Maricopa County fields.

The affected plants have a light green color in contrast to the
dark green of healthy plants. On closer examination, the leaves
showed a mosaic mottling varying from faint to fairly distinct,
plus a reduction in the size of leaves and growth in general. No
necrosis, streak, or other virus symptoms were observed. Often
only the terminal 8 to 15 inches of the main stem or branch show
mosaic symptoms, suggesting that the infections are recent.

The most important and most striking symptom, however, is
the almost total suppression of seed pods on affected plants or
shoots. A normal plant bears from 100 to 200 pods each containing
six to eight seeds, while a virus- infected plant usually bears only
a few small pods (Plate XV, I) . One such plant had three pods
containing a total of five seeds. Plants infected late in the season
often have an almost normal set of seeds on the lower parts of
the stem and side branches, and no pods at all on the upper parts
which show virus infection. In fact, this condition was more
common than a total lack of yield indicating a progressive spread
of the virus through the growing season. Losses in seed yield
from mosaic varied from 10 to 50 per cent in some fields in 1943.
The large -leafed, single -stalk Texsel type of plant was less af-
fected by mosaic than the branching type.

There was presumptive evidence that the virus was spread by
the cotton or melon aphid (Aphis gossypii -indentified by Dr. L.
P. Wehrle)--which was very abundant in many fields.

This aphid is reported by Leach (6) to be the vector of seven
virus diseases of which only two, bean mosaic (Bean virus 1) and
cucumber mosaic (Cucurbit virus 1) are common in this region.
A general infection of mosaic on Brabham cowpeas adjoining
the heavily infected variety plots of guar on the Mesa farm
suggests the possibility that the guar infection is due to the
cowpea virus. The symptoms are similar but not identical, as no
pronounced mottling or clearing of the veinlets has been thus
far observed on guar. This may mean that guar is less susceptible
to the virus or reacts less strongly to it. This virus is the cowpea
mottling strain of cucumber mosaic (Cucurbit virus 1C) .



Plate XIV.-Foliage and stem diseases: (E) Alternaria leaf spot on leaves
and pods. Fungus producing spores on leaflets at right. (F) Main stem and
lateral branch split to show discolored pith. Apparent insect puncture at
(a). (G) Chlorosis following girdling of petioles at points marked by
arrows. (H) Stems of young plants killed by girdle at points marked by
arrows.
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Plate XV.-Mosaic of guar. Normal and virus infected plants of guar.
N-`e abundant pods on normal plant I and almost none on mosaic infected
plant J.

AloFaic could become the major disease of guar if it appeared
regularly, but strangely enough it was observed only in 1943.
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If it were seed -transmitted it should have reappeared in 1944
and later plantings.

LETHAL VIRUS - NOT IDENTIFIED

A necrotic, lethal virus disease causing an estimated loss of
75 per cent in a field in Oklahoma in 1944 is reported by Chester
(3) . Symptoms appear in six to fourteen days and comprise
vein -clearing, sometimes a faint oak -leaf pattern, rolling, wilting,
early stipple- necrosis and abscission of older leaves, marked
stunting of growth, and ultimate death. Occasionally some plants
survive showing mottling, leaf distortion and stunting. The virus
is transmissable mechanically. It is not destroyed by field tem-
peratures of 107 to 113 degrees during many days, but the disease
becomes masked in hot weather. In the fall there is a spectacular
return of symptoms. Natural infection of .1 per cent increases to
100 per cent in a few weeks, making it potentially a serious dis-
ease. It has not been found except in Oklahoma.

LeBeau (7) in 1947 reported an apparently new virus causing
a severe systematic necrosis of bean in Mississippi, and trans-
ferred the virus to other legumes including guar, suggesting that
it might be related to the lethal virus of Chester and Cooper.

POWDERY MILDEW - Oidiopsis taurica

Butler (2) reports that Oidipsis taurica (Lev.) Salm. (syn.
Erysiphe taurica) causes a powdery mildew of guar in India
(Bombay and Madras) defoliating and weakening the plants.
Other hosts of the mildew are pepper, eggplant, garlic, fennel,
fenugreek, and weeds. Powdery mildew has not been reported in
the United States.

GIRDLE

Guar fields, especially those adjoining alfalfa fields, have some-
times shown a rather conspicuous paling and yellowing of some
leaves or leaflets (13) , (Plate XIV, G) . Examination of those
affected leaves shows a narrow girdle of the main petiole or
petiole of the leaflet. This injury is caused by the three -cornered
alfalfa hopper (Stictocephala festina), an insect often abundant
in alfalfa fields (la). Damage is usually slight.

A more severe injury occurs when the stems of young guar
plants from 4 to 12 inches high are girdled from 2 to 4 inches
above the soil line by tree hoppers (Plate XIV, H) . If the girdle
is complete the plant usually dies and loss of stand occurs.

DEFOLIATION

A moderate to severe defoliation resulting from abscission of
the leaflets was noted in some plots in 1943. This was correlated
with an abundance of tiny black pin -point lesions and a yellowing
of the leaves, and the presence of large numbers of the cotton
aphid.
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STEM DISEASES

CORTICAL ROT AND SLIME FLUX

Much more common than the root rots and more conspicuous
during September is a slimy decay of the cortex accompanied by
a white, gummy exudate (13) . The lesions are from 4 to 12 inches
long, often girdle the stem, and become dark as exudate dries
(Plate XVI, L) . They occur on any part of the stem from bottom
to top, but the root system usually remains healthy. Insects feed
extensively on the decaying tissues, and frequently the decaying
cortex is entirely consumed in patches several inches long -
probably the work of the green June beetle (Plate XVI, K) . The
symptoms suggest a bacterial parasite and the infection would
be easily spread by insects or rain.

DISCOLORATION OF PITH

The most common of all conditions noted was a brown to black
discoloration of the normally white pith (13) . The lesions are
2 to 4 inches long but frequently coalesce until the whole length
of the stem is discolored (Plate XIII, C) . The affected plants
show a pale, dull, yellow -green foliage contrasting to the dark
green of healthy plants. The point of infection appears to be a
small puncture, sometimes a corky spot 1 to 2 mm. in diameter
(Plate XIV, F) . The point of passage through the central cylinder
is small and the puncture well healed. Lateral branches of vari-
ous sizes are also affected. The punctures appear to be made by
an insect the size of a common stinkbug. The extent of damage
is hard to estimate but it is probably slight to moderate.

"BLIND" PLANTS

Some progenies in the variety plantings, especially progenies
of the large -leafed, single- stalked plants have shown up to 30 per
cent "blind" plants -short plants with extra -large, thick leaves
but no growing point (13) . These plants produce no seed and
usually die before the end of the growing season. The growing
point of the stem is destroyed when the plants are from 6 to 12
inches high and no lateral branches develop. The stems of
affected plants were dissected to determine if possible the nature
of the injury. No sign of infection or the presence of an insect
was detected, but it was evident that the injury had occurred
4 to 6 weeks earlier (Plate XVI, M) . This type of injury may
cause moderate to serious losses in single -stalk varieties and
selections. No control is possible until the nature of the injury
has been determined.

CURLY TOP

The virus of curly top is transmitted by the beet leafhopper
(Eutettix tenella) which also feeds upon a variety of plants on
our desert and mountain range lands. The principal crops affected
by the virus in Arizona are sugar beet and tomato, but many of



Plate XVI. -Root and stem diseases. (K) Guar stems showing cortical rot
and slime flux. (Also shows discolored pith.) 'White exudate becomes black
as it ages and dries. (L) Decayed cortex of infected stem eaten by insects.
(M) Texsel plant showing injury to growing point which usually results
in "blind" plants. This plant partially recovered.
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Plate XVII. -Curly top of guar. (N) Plants inoculated three weeks after
cotyledon stage. (0) Plants inoculated at cotyledon stage. (P) Two inocu-
lated and one uninoculated plant. Photos by Dr. N. J. Giddings.

the vegetable crops, especially beans and cucurbits (melons,
squashes, etc.) , are often severely affected. Curly top has not
been recognized in the field, but probably occurs.

The following description of symptoms and photographs are
given through the courtesy of Dr. N. J. Giddings, Plant Patholo-
gist, of the U.S. Dept. of Agriculture laboratory at Riverside,
Calif., who inoculated young guar plants in the cotyledon stage
and one month later by caging curly top- infected leafhoppers to
feed upon them.

When attacked in the cotyledon stage plants are greatly stunted
and new leaves are strongly cupped or upward rolled, often with
the edges touching or overlapping. The veins on underside of
leaves are very prominent and distorted while they show distinct
clearing when viewed from upper side. There is some general
chlorosis of such leaves. Infection of young plants may result in
death of the growing tip and eventual death of the plant (Plate
XVII O, and P) .

Plants a month older when inoculated show similar symptoms
but somewhat less severe (Pl. XVII, N) . Symptoms can usually
be detected in 5 to 7 days and are conspicuous in 10 to 15 days.

SUMMARY

Guar has been relatively very free from serious attack by
plant diseases in Arizona and elsewhere. All known diseases,
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whether serious or not, have been described and, where possible,
control measures have been suggested.

The branched variety known as Mesa guar is highly resistant
to two of our most serious plant diseases, the root -knot nematode
and Texas root rot. The unbranched early- maturing "Texsel"
variety, and possibly other newer varieties, are moderately sus-
ceptible to root rot, but reported resistant to Sclerotium rot.

Some losses occur from Fusariuro root rot and Rhizoctonia
root rot, and Sclerotium rot is injurious where soil moisture is
high.

Alternaria leaf spot is the only common foliage disease and
may cause more or less defoliation in years of greater than
normal rainfall and humidity.

Many plants of certain unbranched strains of guar are stunted
and finally die as a result of injury to the growing point when
the plants are 6 to 18 inches high. The cause of injury is un-
known.

Two diseases reported elsewhere have not been observed in
Arizona: Lethal virus (Okla.) and powdery mildew (India) .

More information is needed on the following: Curly top, Fusari-
um root rot, Rhizoctonia root rot, mosaic, blind plants, cortical
rot and slime flux, and discoloration of pith.

(1)

(la)

(2)
(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10) .
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