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Cal ifornia's soils and climate vary widely throughout its 8O0-mile length. These soil,

temperature, rainfall, humidity and length of growing season changes, coupled with farming

diversity collectively affect production to either maximize or minimize yields, and make

recommendations as to the type of alfalfa variety to plant, fertilization practices, irriga-

tion requirements, harvest schedules, etc., necessary on a field by field basis.

As an aid to producers and others interested in understanding factors that limit alfalfa

yields, a check 1 ist of factors, which if followed should optimize alfalfa yields, was pre-

pared for the Decenber 1972 Alfalfa Symposium and is published in those proceedings. In addi-

tion, a discussion relating to limiting factors in the desert area of California can be found

in the proceedings of the California & Arizona Low Desert Alfalfa Symposium, January 16-17, 1974.

This check 1 ist was composed of 13 interrelated categories broken down in detail into their

component parts. It has been my experience that producers interested in improving production

take many of these factors into consideration. Sometimes certain conditions are not apparent

such as nematode problems, certain root diseases, fertil ization needs, new insects such as the

"blue alfalfa aphid.., soil problems, etc.

Variety Adaptation By Area

Traditionally, alfalfas throughout the Western Hemisphere have been classified into one

of the three broad classifications:

1. Winter dormant -able to withstand extremely cold temperatures for long periods.

These are often referred to as "northern" alfalfas. Even under California's mild weather

conditions these alfalfas will not grow during the winter months.

2. Semidormant- these alfalfas are referred to as I'central" alfalfas, referring to

the fact that they are adapted to a wide belt throughout the central United States where the

winters are not as severe and where plants can survive that have a shorter winter dormancy

and a greater fall and an earlier spring growth than winter dormant varieties.

3. Nondormant- these alfalfas are referred to as "southern" alfalfas, which will grow

during the winter nDnths under temperatures which prevail in southern Cal ifornia and the

Central Valley of California. Certain varieties will recover ITOre rapidly after cutting, and

have more winter growth. These have been classified as livery nondormant".

This classification is only partially effective in California. For example, the San

Joaquin Varley is considered an area where nondormant varieties should be grown. However, for

years many producers in the Firebaugh-Dos Palos-los Banos area have grown lahontan or varieties

with similar characteristics because of the heavy soils which promote the development of

Phytophthora root rot. lahontan and other varieties with resistance to Phytophthora are able

to grow under these conditions and live for longer periods than varieties, such as Moapa, that

are considered adapted to the area because of climate.

Variety adaptation involves performance due to varietal characteristics such as disease.
insect and nematode resistance. winter dormancy. stand longevity. etc. Variety reconurendations
must be based on a thorough understanding of the soil conditions. irrigation system. the use

that will be made of the alfalfa. and the cutting frequency and quality requirements of the

grower. Factors that affect alfalfa production vary, often from one field to another on one
""ner1s property. Frequently producers try and solve a production problem by changing varieties,
rather than getting at the basic root of the problem which may lie in soil texture. irrigation
frequency. or some other limiting factor.
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Alfalfa varieties and brands that are grown and are available for sale in California are
classified and 1 isted in Table I.

(Table Alfalfa varieties and brands grown in California.

Very Nondormant 5emidormantNondormant Dormant

AS-13R

AS-13*

DeKalb Brand 183

DeKalb Brand 185*

8-19 Brand

9-19 Brand*

El Camino Brand WL 450*

EJ Camino Brand WL 45J*

EJ Camjno Brand WL 508

EJ Camino Brand WL 512

EJ Camino Brand WL 600

Germainls EJdorado*

Germainls EJdorado R*

Joaquin JI

Moapa

Moapa 69

Lew

AS-49R
AS-49
Caliverde 65**
Condura 73 Brand
DeKalb Brand 167

Eureka Brand

Lahontan
Messilla**

Niagara N-78 Brand**
10-19 Brand

Washoe
Resistador II

Abunda Verde Brand

Cal iente

Converde 95 Brand

El Unico

Hayden

Mesa Sirsa

Niagara N-71 Brand

Sonora

Sonora 70

UC Salton

Imperial 70 Brand

UC Cargo

* Known to be slightly more winter dormant than Moapa.

,~* Known to be less dormant than Lahontan, and wi II produce

more fall growth than Lahontan.

Ladak 65

Narragansett

Iroquois
RarlDler

Ranger

Dawson

Vernal

Thor

Gladiator

Atra 55

WL 215

WL 309

WL 311

WL 318

DeKalb Brand 131

DeKalb Brand 123

Anchor

Superstan

(And many other

public and private

varieties)

(
To assist in the discussion of limiting factors and area adaptation, I have prepared a

map dividing the State of California into seven distinct geographic areas (Figure I). Varieties

can be approximately divided into thei r ability to produce in the different geographic areas.

For example, varieties adapted to Zone I in southem California are not adapted to Zone 5 in

the Sacramento Valley. There are also local areas within each zone that have specific require-

ments such as disease or insect resistance. Specific varietal characteristics will be dis-

cussed by other speakers in this Symposium so this area will be left to be treated by those

directly involved with private and public varietal development. However, the major alfalfa

zone where varieties listed in Table I, by dormancy classification, would normally be grown

are as follows:

Major Alfalfa Cl imate Zones Dormancy Classification

2
3
4

5
6
7

Very nondormant, nondormant

Semi dormant, dormant

Very nondormant, nondormant

Very nondormant, nondormant,

semi dormant

Nondormant, semidormant, dormant

Semidormant

Semidormant, dormant

Normally, varieties are not the limiting factor in alfalfa production. When conditions

develop for which there is a specific variety with tolerance or resistance to the specific

problem, then the choice of a susceptible variety can be greatly limiting. Some of these

conditions would include:

Diseases associated with excess water and poorly drained soils

A
R

~

Phytophthora root rot
Scald

Rhizoctonia root and stem rot
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Bacterial WiltI J .

III. Southern Anthracnose

IV. Leaf Diseases

A.
B.
c.

Conl1lOn leaf spot

Stemphylium leaf spot

Mi Idew

Aphidsv.

A.
B.
C.

Spotted alfalfa aphid

Pea aphid

Blue alfalfa aphid

VI. Nematodes

A.
R~

Stem nematode
Root knot nematode

VII. Alfalfa Weevi and Egyptian Alfalfa Weevil

Diseases Associated With Excess Water and Poor Soils

Nearly every alfalfa producing area in California except those areas with deep, extremely

well drained soils, are affected by Phytophthora root rot and scald, the latter a physiological

disease caused by lack of oxygen in water saturated soils. When Phytophthora and/or scald

cause the death of alfalfa plants, there is no question as to the benefit of resistant varieties

Usually, there is a less obvious, more gradual killing of plants resulting in the thinning

of stands the reduction in vigor of surviving plants which reduce yield. An example of stand

loss and yield reduction from Phytophthora and scald combined is indicated in Table 2.

Table 2. Yield and stand loss from six varieties susceptible (S) to Phytophthora root rot and

scald compared with six varieties tolerant (T) or resistant (R).

-,- ,..rons Pe~~~;re, 6 c~~~, 1975 517 b/IO 71JO /j17 9110 10/21

Varieties

% Stand

After 2 years

76
56

T or R
S

2.06

2.13

2.44
2.18

.90

.34

1.50

0.89

.99

.55
.99
.60

-0.26 -0.56 -0.61 -.44+0.07 -.39+ or -

Tons/acre gain for resistant varieties --k.!1

v. L. Marble, Cooperative Extension, West Side Field Station, 1975.

The increase of 2.19 tons per acre during one year from varieties resistant to Phytophthora

or scald is reason enough to utilize resistant varieties under these types of soil conditions.

There was no yield difference between the two groups of varieties for the first cutting, de-

spite the beginning of development of Phytophthora root rot in early May. Stand losses had

begun when the second cutting was taken on June lOth. Heavy scald occurred prior to the lOth

of July with both Phytophthora and scald having a significant affect on yield for all the rest

of the cuttings as the plants thinned in the susceptible varieties. Similar results could be

expected from soils that become saturated and are wet for more than 24 hours with slow infi 1-

tration, or soils that have hardpans, plow pans, or other restricting layers that keep water

from infiltrating rapidly into the soil. Both scald and Phytophthora root rot symptoms have

been described previously (D. C. Erwin, Proceedings, California Alfalfa Production Symposium,

December 7-8, 1971; D. C. Erwin and W. F. Lehman, Proceedings, California & Arizona Low Desert

Alfalfa Symposium, January 16-17, 1974). Excessive irrigation which results in prolonged

saturation of the soil will not only prune roots, and kill some plants, but it can also re-

duce vigor causing a I'hiddenl' yield loss.
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Scald causes extensive damage to alfalfa stands in the Imperial Valley, usually associated

with Rhizoctonia root and stem rot. This disease complex, which may also include Phytophthora

root rot, has been termed Ilsun111er disease complex'l, and has been shown to be responsible for

much of the stand loss that occurs in the hot, low desert valleys of southern Cal ifomia.

Yield I imitations and loss of plants has been even more severe under some conditions in Imperial

Valley than indicated in Table 2 in the western part qf Fresno County. In a planting at the

Imperial Valley Field Station near El Centro, varieties selected especially for tolerance

to lithe summer disease complex'l averaged 5 plants per square foot at the end of the second pro-

duction year, October 31, 1971, while Moapa and other susceptible varieties averaged less

than I plant for each 2 square feet, being virtually killed out, with yields which averaged

50% less than those obtained from tolerant varieties during these same months.

Yield I imitations from saturated soils also takes place in the n'Ore northerly areas of

the State. Heavy winter rains on soils that have poor infiltration or which remain saturated

for a long period of time kill out many nondormant alfalfa varieties in the Sacramento Valley

and the northern San Joaquin Valley. These varieties usually die during the early spring

when they have a heavy demand for oxygen and the soils are low in oxygen due to water satura-

tion. It is nearly the same sort of phenomenon that occurs in the hot sulllrer n'Onths from

irrigation. However, varieties that do not grow as early in the spring as the nondormant

varieties are able to continue living because they are not actively growing and don't requi re

very much oxygen. Dormant varieties and semidormant varieties have proven their worth in

such conditions. A I ittle later in the spring Phytophthora root rot resistance becomes im-

portant, but the major requirement under these conditions is to have a dormant variety that

doesn't begin growth as early in the late winter and early spring. Table 3 summarizes some

observations taken in a variety trial located in a grower's field in Yolo County near

Winters, Cal ifornia.

Table 3. Effect of heavy, saturated soils on the spring vigor and stand life.

February 4, 1974. Readings taken April 28, 1975.
Planted

Number -Stand Rating Vigor

Phytophthora Phytophthora Phytophthora
Dormancy Class Total Resistant Total Resistant Total Resistant

Very nondormant 5 2 4.2 4.0 4.9 4.4

Nondormant 4 1 5.1 5.7 6.2 7.3
Intermediate 6 3 5.9 6.8 6.7 7.0

Semi dormant 5 4 7.9 8.2 7.5 7.8

Dormant 7 3 7.1 8.1 7.0 7.7

(

:.05)LSD .5 .3

no stand or poor vigor; 10 = perfect stand or excellent vigor.

Carl Schoner, Farm Advisor, Cooperative Extension, Yolo County.

These stand ratings indicate that the semidormant and dormant varieties were much superior

in tolerating the poor soil conditions in this field. Actually, there was almost a perfect

correlation between dormancy and plant survival! Several of the very nondormant varieties

had less than 20% stand, and one of the semidormant varieties had a perfect stand. Having

Phytophthora resistance among the very nondormant and nondormant varieties had very little

effect on survival as they were killed prior to the temperatures becoming warm enough for

active growth of the phytophthora fungus. Phytophthora resistance in the intermediate (a

new classification indicating varieties intermediate in dormancy between the nondormant and

semidormant classifications) , semidormant, and dormant varieties greatly benefited from

having Phytophthora resistance. I believe many areas of the Central Valley, including the

northern San Joaquin Valley, would benefit from planting dormant and semidormant varieties

in areas with extremely poor soils that remain saturated for extended periods of time. Experi-

ments are nOli underway to develop this idea further in the San Joaquin Valley. Many pro-

ducers in the Sacramento Valley have already converted to dormant varieties. Producers are

cautioned to not change varieties from the nondormant class to dormant or semidormant without

also altering their irrigation practices to provide more irrigations each with Jess water, l
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and lengthen the cutting interval. Dormant varieties require more days to reach maximum

growth, perhaps as much as 7 to 10 additional days between cuttings.

Figure 2 is an attempt to indicate where problem soils exist in the State. Manyof

you will immediately recognize the inadequacy of any attempt to define areas with problem

soils since many good soils occur intermingled with poor soils, and vice versa, many poor

soils are intermingled with good alfalfa soils. However, I have generally tried to indicate

soils that have some kind of water infiltration, hardpan, shallow, heavy, and/or alkal i or

salt problems. There are extensive areas of such soils in the central part of the southern

San Joaquin Valley, the northern San Joaquin Valley, and the eastern and western parts of

the Sacramento Valley, as well as additional small areas in many mountain and desert valleys.

Figure 3 indicates areas where heavy concentrations of sunrrer scald occurs. although we

must recognize that many ends of alfalfa fields scald due to the absence of a drainage ditch

at the end of the irrigation run. Rhizoctonia stem and root rot is normally assoclated with

summer scald in all of the low desert valleys. This fungus is active at high temperatures.

Only a few observations have been made of this fungus in the southern San Joaquin Valley. and

no observations in the rest of the State. Conditions which cause scald also favor the develop-

ment of the fungus and consequently its affect in limiting alfalfa yields has been difficult

to asSess.

Alfalfa Weevil and Egyptian Alfalfa Weevil

The alfalfa weevil has been present for many years in most alfalfa areas in Zone 7. It

has also been present since the 1930's in a small area around Tracy. Damage has been cur-

tailed in the mountain valleys principally with early cutting for increased qual ity. Damage

has therefore been minimal with yield losses very negligible if any since the University

research program has demonstrated the value in increased production and increased qual ity of

early cutting in these cold areas where three cuts per season is a normal practice.

The Egyptian alfalfa weevil (EAW) has spread from the Imperial Valley until it is now

present over the entire State with the exception of alfalfa producing areas in Zone 7. Many

consider the EAW as the most serious alfalfa pest in the State. The amount of damage fluctuates

from year to year. The total damage from the EAW in lost yield and cost of treatment exceeded

$15 million in 1974. Most producers feel that its damage is limited to the first cutting.

Yield increases where insecticides have been applied have ranged from 3/10 to I ton per acre

for the first cutting. However, in a trial at Davis evidence was obtained that indicates

damage can persist into later cuttings. This trial is summarized in Table 4.

Table 4. Season-long insect* and foliage fungus control.
and G. Peterson, U.C. Davis, 1974.

Average of 8 varieties. v. l. Marble

Tons Dry Matter Per Acre

Treat~nt 4m- ->1216/27 7729- 8/30 10/1 Total

Spray 0.70 1.66 1.81 1.79 1.34 0.95 8.25
No Spray 0.31 1.23 1.66 1.70 1.30 0.70 6.91

1.34Difference 0.39 0.43 0.15 0.09 0.04 0.25

LSD (.OS) 0.13 0.12 0.14 0.04 n.s. n.s.** 0.28

* Benlate@ at 2 lb/acre ai and Furadan@ at 1 oz acre ai applied at two-week intervals,

March IS through August 12; nX>nthly, SeptenDer 13 and October 17.
** Significant at the 8% level.

While yield levels were generally la..ler than normal for the first cutting even where

insects were controlled, we still obtained a .39 T/A increase for the first cutting. Ha..Iever,
a greater increase occurred during the second cutting, noteworthy since there were no other
pests present in significant nunDers in the field. Reduced vigor from very heavy infestations
of the EAW caused significant yield reductions through the fourth cutting. Although the total
1.34 tons per acre increase for the season can1t be all ascribed to EAW control, at least 0.8

to 0.9 T/A can be attributed to controlling the EAW.



AFh i ds

The spotted alfalfa aphid (SAA) no longer is an economic threat to Cal ifornia hay pro-

ducers. However, we must always be on guard against the development of a new race or I'biotype"
of this serious pest. The SAA has been removed from the list of insects limiting alfal fa yields

through the efforts of plant breeders who originated the two resistant varieties Lahontan and

Moapa, and then improved the level of resistance to the original biotype and continued develop-

ing improved resistance as new biotypes developed. The only areas in California without a
potential problem to the SAA are Zones 7 and the northern part of Zone 6. In these areas
varieties without resistance to the SAA can be planted without fear of damage.

Until the last five years, the pea aphid was considered a pest that occasionally develop-

ed in the spring and fall months in nearly every hay producing area of Cal ifornia. Predators

and parasites were the usual control method with insecticides used only minimally. More

recently, the pea aphid has become an economic pest needing insecticide control in the early

spring in the low desert valleys in Zone I, and again in the fall months. In the San Joaquin

Valley pea aphid outbreaks also occur in the early spring and fall, but more recently have

developed in the late sulM1er as early as the first of August. Severe damage can occur on

cuttings in August, September, and October in the San Joaquin Valley. Yield losses as great

as 0.31 T/A, or 30% of the yield of a cutting made october 10, 1972 have been docu~nted on

susceptible varieties compared to tolerant varieties. Table 5 sulM1arizes some of the data

obtained in two variety trials at the West Side Field Station that had different degrees of

aphid infestation. Although yield differences were not as great in trial 2 between susceptible

and tolerant varieties, the percentage loss was identical.

Table 5. Yield loss by susceptible varieties from a heavy (Trial I) and
a moderate (Trial 2) infestation of the pea aphid at the West

Side Field Station, October 10, 1972.

Hayden
Moapa 69
UC Salton*
UC Cargo*

N-71 Brand*

0.71
0.83
1.02

30
19
0

0.60
0.71
0.81
0.86
0.87

31

18 {

0

* Resistant or tolerant to pea aphid

Vern L. Marble, Cooperative Extension, U.C. Davis.

Heavy pea aphid infestations occur regularly in the late sunmer and fall also in the

Sacramento Valley, Zone 5, coastal valleys, Zone 3, high desert valleys. Zone 2, and the

low desert valleys, Zone 1. The pea aphid is only an occasional problem in Zone 6 and 7.

The blue alfalfa aphid, only recently identified as Acy1'thosiphon kondoi, caused extensive

damage in the spring of 1975 in the low desert valleys of southern Califomia, Zone I, and in

the San Joaquin Valley, Zone 4. More localized infestations with less extensive damage occurred

in the Sacramento Valley, Zone 5, and coastal valleys in Zone 3. Greater detail on the

distribution of this new alfalfa pest can be found in other papers of this Symposium. Appar-

ently it is generally spread over the entire State, although specific taxonomic identification

has not been obtained in all counties. Spring alfalfa yields can be severely limited by this

new pest, which causes severe stunting and discoloration of leaves, usually only in the spring

months. The blue alfalfa aphid (BAA) has been positively identified from field samples taken

in 1975 and from stored samples taken in Bakersfield in the late sunmer of 1974. Undoubtedly

many of the severe pea aphid outbreaks that occurred in the early spring of 1974 were from

the blue alfalfa aphid. Severe stunting and heavy populations of aphids were observed in 1974

in southern Tulare County and at the West Side Field Station with symptoms typical of those

later identified as being from the BAA. Undoubtedly, a complex of BAA and pea aphid have

existed at least for several years in the past in the San Joaquin Valley. There Seems to be

some association in plant resistance to the BAA from varieties that have been known to be

tolerant to the pea aphid. The level of tolerance is not as great however and severe yield

reduction even in varieties tolerant to the pea aphid has been observed in the field by this

author. Many fields in the spring of 1975 in the central part of the San Joaquin Valley,
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where yields have been kept for each field for many years, showed a yield reduction from 1974

to 1975 that ranged from 0.5 to 1.2 T/A. Furthermore, recovery was extremely slow in the

second cutting with yield reductions approaching 0.5 T/A in the second cutting not uncommon

after heavy infestation of the BAA. At the West Side Field Station yield loss in the first
cutting from a complex of BAA and pea aphids is documented in Table 6.

Table 6. Average yield loss from four pea aphid

susceptible (S) and four tolerant (T)

varieties from a blue alfalfa aphid-pea

aphid complex. First cutting 1974 and

1975, West Side Field Station.

Pea aphid T

Pea aphid S
.77
.38

2.29
1.85

.055 -0.39 -0.44

Vern L. Marble, Cooperative Extension, U.C. Davis.

At the present, varieties tolerant to the pea aphid and chemical control are the only

knOlin control measures for the BAA. Tolerant varieties will only offer a small anX>unt of

protection with I ight infestations. A greater level of resistance is being developed by

Dr. William F. lehman at the University of California Imperial Valley Field Station. To date,

evidence indicates that heaviest damage occurs in the spring, with no damage fields confi rmed

to date from fall buildups.

Although recovered from several counties in the Sacramento Valley and coastal areas,
damage has not been observed to be as severe. There have been no reports of damage from the
BAA from any of the isolated mountain valleys in Zone 7 or coastal valleys of Zone 6.

Nematodes

The stem nematode and species of the root knot nematode are economic factors in reducing

production in isolated parts of California, shown in Figure 4.

The stem nematode is most severe in the Perris, Antelope, Cuyama, Sal inas, King City,

Paso Robles, and Santa Maria Valleys. It has occasionally caused problems in the western part

of San Joaquin and Stanislaus Counties from Tracy to Patterson, the Orland area of Glenn County,

near Montague in Siskiyou County and in small coastal valleys in Del Norte County. The stem

nematode can sharply I imit the first and second cutting yields of susceptible varieties. In

a trial near Santa Maria stem nematode resistant and susceptible varieties were equal in yield-

ing abil ity the fi rst two years, except Lahontan which was defol iated due to its susceptibil ity

to leaf diseases, but the third year when stem nematode developed to the point of complete

devastation of susceptible plots, Caliverde 65 out yielded Moapa by about one and one-third

times! Recently, varieties have been developed in all dormancy classifications that have

resistance to stem nematode making it possible to select an adapted variety in every location

in Cal ifornia where stem nematode is a problem.

The root knot nematode is more extensively distributed than the stem nematode. With the

development of the SAA resistant Moapa, which also proved to be resistant to two of the three
major species of the root knot nematode, damage from this pest has been reduced, particularly
in the desert valleys of southern California where varieties are grown with resistance to all

of the species present in that area. Severe damage seems to be confined to sandier soils

with less water holding capacity, where the root pruning and reduced water extraction potential
of effected alfalfa plants is quickly shown in reduced vigor and yield. The most severely

affected areas are on the east side of the San Joaquin Valley from Arvin to Manteca. Soils
along the Feather and Sacramento Rivers in Sacramento, Sutter, and Yuba Counties are also effected

Although Moapa was quick to establish itself as superior to lahontan in root knot nematode
infested areas, recent observational trials conducted by Cooperative Extension in Perris Valley
in western Riverside County, in Kern County near Bakersfield, and Manteca in San Joaquin County,

varieties with a greater degree of resistance to all of the species of root knot nematode have

demonstrated their superiority. No yields have been measured, but stand evaluations made twice
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annually, and vigor readi'lgs made periodically during the growing season have demonstrated

that germ plasm is now available that can greatly minimize or eliminate this pest as a

I imiting factor in alfalfa production. New varieties should follow in several years.

(Damage from nematodes that inhabit the soil, can be reduced temporarily by fumigation.

Fumigation trials conducted near Fresno and near Manteca with heavy populations of root knot

nematode present, showed dramatic increases in yield from fumigation applications. In a

fumigation trial in the Mojave Desert area of San Bernardino County on Hesperia fine sandy

loam soil, the yield of the third cutting after fumigation averaged 1.2 tons in the fumigated

blocks and only 0.23 tons per acre in the blocks affected by stubby root nematode (Trichodorus

spp.) , a five-fold increase! Stubby root nematode has been identified as being present as

one of the complex of nematodes in San Joaquin, Kern, and San Bernardino counties and is

probably present in many other areas.

Bacteria] Wilt

Bacterial wilt (Figure 5) has been recognized as a major problem in nearly every location

where alfalfa is grown in the State of California. Noteworthy exceptions would include the

Imperial and Palo Verde Valleys, and some of the mountain valleys of northern Cal ifornia in-

cluding Shasta Valley, Butte Valley, and Tulelake. With the introduction of Cal iverde in the

early 195015, and several years later with Lahontan, which also proved to have resistance to

the SAA, much of the problems related to bacterial wilt in the Central Valley and other isolated

valley areas in Cal ifornia seemed to disappear. When Moapa was introduced in 1958 it also had

a small amount of tolerance to bacterial wilt. Many varieties released since that tine that

are classified as nondormant varieties, also contain a small amount of tolerance to bacterial

wilt, which when taken with shorter rotations, have largely eliminated this disease as a major

I imiting factor in alfalfa production in most climatic zones except small isolated valleys in

northeastern Cal ifornia. In these areas, where most producers would I ike to keep their stands

as long as possible, bacterial wilt begins to thin susceptible varieties at the end of the

second production year so that by the middle of the third year, susceptible varieties have

become unprofitable and frequently completely eliminated.

Cultural practices and resistant and tolerant varieties have
wilt as a limiting factor in alfalfa production in California.

argely eliminated bacterial

{
Leaf Diseases

Major leaf diseases present in California include co","on leaf spot, Stemphylium leaf

spot and downey mildew. Occasionally other leaf diseases are present but these three are the

major factors in leaf loss and reduced yield. Several years ago many considered leaf diseases

to be a limiting factor in alfalfa production only in coastal valleys where humidity was high

during the active growing season. Certainly one of the major limiting factors in production

in coastal valleys in the past has been the lack of adapted varieties that have a colTbined

resistance to stem nematode, mildew and leaf diseases, as well as being nondormant and able

to grow through the winter for green chopping for the dairies in the area. More recently

research at the U.C. Agronomy Farm (see Table 4) and in Tulare County, using a colTbination of

fungicides and insecticides, yield increases have shown that leaf loss from infection by leaf

diseases, principally co","on leaf spot, is great enough to cause an economic loss and to be

considered limiting in alfalfa production. Some varieties with more resistance to leaf diseases

have less loss during these months. The Tulare County research, conducted by Su","ers and

McClellan, indicated an untreated yield of 1.16 T/A co~ared with a fungicide-treated yield

of 1.39 T/A or an increase for the first cutting of .23 T/A. All leaf diseases reduce the

feeding value of alfalfa as measured by crude protein and digestibil ity decreases. It is

significant that this degree of difference could be obtained in a relatively dry area such as

Tulare County. I believe that we can safely extrapolate such research to indicate a greater

degree of response to leaf disease resistance in the more humid areas of the Sacramento Valley,

coastal valleys, particularly in the North Coast area where varieties that are dormant are used

strictly because of their leaf disease resistance and thei r ability to provide less but higher

quality forage than more climatically adapted varieties.

Southern Anthracnose--.

There have been numerous outbreaks of this disease in California in recent years. It is

present in all of the producing areas except perhaps Zones 2 and 7. These areas are extremely

dry during the growing season and have longer dormant periods with cold temperatures. All of

the other producing areas have periods of humidity that favor the development of this disease. ~
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Both stems and crowns are affected with outbreaks occurring spasmodically. The assessment

of how I imiting this disease is in Cal ifomia has been difficult to obtain since we have not

had adapted varieties with a strong degree of resistance to the disease. Alfalfa breeders

now are developing varieties with a significant amount of resistance. Anthracnose has been

diagnosed throughout the Central Valley. It is probably the disease which causes stand decl ine

in the Davis area on well-drained soils. For many years now varieties with the greatest amount

of tolerance to Anthracnose have also been the leading producers in vi rtually every variety

trial planted at U.C. Davis since they have become available.

Other Diseases and Insects

While the preceding diseases and insects are the greatest factors in limiting alfalfa

yields in Cal ifornia, there are many others that are important limiting factors. Such insects

as the yellow striped armyworm and the alfalfa caterpillar, can, if not controlled, significantly

I imit production. There does not seem to be any known resistance to these leaf feeding insects.

Occasionally, the leaf miner and thrips also cause more 1 imited damage in the same major alfalfa

producing areas of Zone 1,2, 4 and 5. The clover root curcul io has damaged stands in Cuyama

Valley. The potato leaf hopper has caused isolated severe damage in Imperial Valley and the

Porterville area in Tulare County. The three cornered leaf hopper has caused a great deal of

fall damage in alfalfa fields in Zone 1 in the low desert valleys.

There are many diseases whose economic damage are unknown. Stagonospora root rot can be

found in nearly every alfalfa producing area except Zone 7. Resistance studies are being

initiated by the University of California to determine its role in limiting alfalfa yields.

Alfalfa dwarf occasionally is found affecting alfalfa roots in Fresno, Tulare, Kings and

Kern Counties. Sclerotinia can also be observed damaging plants in the early spring in the

San Joaquin Valley. Fusarium root rot is occasionally observed doing a great deal of damage

to alfalfa stands. Plant resistance is available for so~ of the diseases na~d here but they

are usually not present in large enough areas at anyone ti~ and so go either undetected or

neglected in the plant breeding programs. Likewise, alfalfa roosaic virus, transmitted by the

pea aphid and probably the blue alfalfa aphid, have a role in limiting alfalfa yields in

Cal ifornia. This virus may limit alfalfa yields by insidiously reducing plant vigor and

allowing other diseases to gain a stronger foothold and do roore devastating damage than when

acting alone.

Fertil ization as a Limiting Factor

Although this subject will be discussed in greater detail by other speakers during the

Symposium, nutrient deficiency. where present and undiagnosed, can limit yields significantly.

The principal elements deficient in California soils, other than nitrogen, which is normally

fixed by root inhabiting bacteria and supplied to the plant naturally, includes phosphorus.

potassium, sulfur. and boron. Soil and plant tissue analysis standards will be presented at

this Symposium. Nutrient deficiencies can be diagnosed by: I) soil analysis; 2) plant tissue

analysis; 3) deficiency symptoms; and 4) strip trials using fertilizer combinations.

Phosphorus deficiency has been diagnosed in roost alfalfa producing areas of Cal ifornia

except the lower sacra~nto Valley in Zone 5, nJ:>st of the western part of the northern San

Joaquin Valley in Zone 4, although there are notable exceptions in this area, and many of

the alfalfa producing valleys in Zone 7 in northern Cal ifornia. Phosphorus deficiency can

be predicted by a combination of soil and plant tissue analysis. In a classic experi~nt in

Tulare County, alfalfa yieJds the second year of two-year trial increased 2.2 T/A with the

appl ication of 160 pounds of P20s annually, and 3.4 T/A with the appl ication of 320 pounds the

first year. Similar yield responses have been obtained in Contra Costa County, Imperial County

AnteJope Valley, Kern County, Kings County, Merced County, Glenn County and many other areas.

Potassium deficiency has limited alfalfa yields in fewer but still a significant number

of locations in California. Yield responses have been obtained in Santa Maria, Madera County,

the Delta area of San Joaquin and Sacramento counties, Butte County, and Glenn County. In

Butte County potassium responded best when applied in an alfalfa sod making it more available,

increasing the alfalfa yield in two measured cuttings by nearly I T/A. Five hundred pounds

per acre of potassium sulfate was as effective when applied in the sod as 1,000 pounds applied

on the surface. Both soil and tissue analysis are useful in diagnosing potassium deficiency.

Sulfur deficiency is less widespread than either potassium or phosphorus deficiencies.

Sulfur has limited alfalfa yields in fertilizer plots conducted in Modoc, Lassen, Siskiyou,

Shasta, Sierra, Tehama, Butte, Yuba, Yolo, Sacramento, San Joaquin, Stanislaus, Madera, and
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Fresno counties. When deficient, spectacular results have been obtained with yield increases

of 4.1 T/A with no sulfur to 10.3 T/A in Merced County, with yield increases of I to 2 tons

from appl ied sulfur not unconwl1On in mountain areas in Zone 7. Alfalfa grown in this Zone

almost uniformly responds to applied sulfur. Another area where sulfur has been a problem

is in Butte County and along the Sacramento and Feather Rivers in the Sacramento Valley. (

Boron deficiency is quite rare in Cal iforniao, However, responses have been obtained in

siskiyou County, Lassen County, Modoc County, and Shasta County, located in Zone 7. Boron

deficiency has also been diagnosed on alfalfa in isolated areas of Placer County, San Joaquin

County, stanislaus County, and Madera County.

Occasionalty multiple nutrient deficiencies exist and limit alfalfa yields. Such conditions

are more difficult to diagnose since plant analysis is of little value until all of the nutri-

ent needs have been satisfied. Strip trials with different combinations of nutrients are the

most effective in diagnosing this type of problem. A fertilizer trial conducted in Siskiyou

County in 1971 denX>nstrates the value in multiple fertilization treatments in diagnosing all

of the fertil izer needs.

Table 7. Multiple fertilizer response in alfalfa

Siskiyou County, 1971.

Tons Pe r Ac re

2-cuts IncreaseFerti I izer Used

5.2
5.0
4.6

4.3
3.]
3.6

1.6

1.4
1.0

0.]
0.1

p
p

p

K

s

Ch

Roger Benton, Farm Advisor, Cooperative Extension,

Siskiyou County. (
Weeds Limit Yields Too

Everyone recognizes the effect that weeds have on decreasing quality of alfalfa. Many

trials have substantiated the value and increased qual ity that control of winter weeds has

on the sell ing price of alfalfa. Likewise, summer grasses can reduce qual ity and the sell ing

price of surrrner-grown hay. In the last three or four years, we have had research workers

who have emphasized the effect weed control has on yield and stand life, as well as qual ity

of the forage produced. In a weed control trial near Woodland in Yolo County several materials

did an effective job of controlling weeds and increasing qual ity as weJI as increasing yield

and stand life. A sa~le of these treat~nts compared with the uncontrolled treat~nt for

the three-year life of the test is presented in Table 8.

Table 8. fe.Effect of weed control on yield, quality, and stand Yolo County*, 1971-73.

Tons Per Acre DM 3-year Total Plants

1971 1972 1973 Total Lbs Crude Protein Per Ft2

1!
Controlle~ 4.32 6.09 5.99 16.40 6,177 5.2

Uncontrolled 4.29 5.68 5.16 15.13 5,401 3.9

Loss 0.03 0.41 .83 1.27 776

11 Diuron, 2.4 1bsIA 1971, 1972; Oil + Dinoseb 1973.
* Data of R. F. Norris, U.C. Davis.

Yield response the first year was neglible, but qual ity was dramatically i "1:> roved. The

second year total seasonal production response to weed control of 0.41 T/A was doubled in

1973. By the third year all of the uncontrolled border checks in this field size trial were

weedy, unthrifty and had very few alfalfa plants. The areas where weeds had been controlled

had enough plants that the stand could have lasted an additional year. .t.-
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The techniques of controlling various kinds of weeds in seedling and established stands

will be discussed in greater detail by other speakers in this Symposium. Many producers are

successfully using chemicals to control weeds. However, good cultural practices can reduce
and in many instances completely control weeds throughout most of the life of an alfalfa stand.

Reduced vigor by late clipping, prolonged grazing with sheep, double grazing in the fall and

spring and repeated early spring harvesting, or any co~ination of these treatments will reduce

the carbohydrates stored in the roots and allow weeds to become more competitive than the

alfalfa. Proper irrigation practices in the summer will keep alfalfa growing during the long

dry period when the alfalfa must be cured and baled and allow a canopy to develop over the

soil and prevent weed seed germination. One of the greatest causes of increased weeds in

al falfa fields has been the increased emphasis on increasing alfalfa qual ity by cutting it

in an immature stage, less than 50% bloom. Not only will early cutting reduce total seasonal

alfalfa production, but it so reduces vigor that weeds invade the alfalfa field reducing

qual ity and yield further. More information is available on weed control techniques and

cutting frequency practices in the proceedings of the California Alfalfa Symposia for 1971,

1972, January 1974 and Dece~er 1974.

Irrigation--Our Greatest Limiting Factor

Poor irrigation practices or irrigation practices that seem dictated by tine, cost, or

water available, are probably the greatest limiting factor in alfalfa production. Most

irrigation problems are confounded with soil problems. Shallow soils with hardpans, sandy

soils that have limited moisture holding capacity, heavy soils that have a shallow water

table and which crack severely prematurely drying out alfalfa roots in the first foot, soils

that seal and won1t accept water rapidly enough to provide adequate water to the alfalfa

plant, soils high in salinity and/or alkal i are those soils that alfalfa is grown on to a

greater extent each year. We have many good alfalfa soils still producing high yields, but

year by year we find alfalfa produced on more poor soils.

What effect do poor soils have on alfalfa yield? One of the premier alfalfa growers in

the Imperial Valley once remarked at a panel discussion at one of our Symposia that I'There

are not enough IO-ton soils to go around". I think he was faced with the same dilef!lna that

many of you producers are trying to cope with--that of maintaining alfalfa yields on these

more difficult soils. Irrigation timing and amount is the key to reducing this yield limita-

t ion .

Some producers are successfully growing alfalfa on these poor soils. One of the major

concerns of this Symposium is in this area. We hope that more information can be presented

that will be helpful not only at this Symposium but at subsequent Symposia. There has been

considerable research done in Imperial Valley on proper irrigation schedul ing. On shallow,

sal ine, heavy textured soils where scald, Phytophthora root, and rhizoctonia root rot all

combine together to kill plants and reduce yields, a program has been developed to irrigate

and maintain production. This system involves supplying the needed water through more

frequent appJ ications of shorter durations to provide the water for optimum growth. In this

instance, the average number of irrigations per cutting was 3.2 versus 2 per cutting for the

normal system. The success of this system in this soil in Imperial Valley can be measured

by the stand remaining after two years, where the normal program had 0.3 plants/square foot

and the frequent short irrigation system had 5.3 plants/square foot. Irrigating on a frequent

basis with a short application time also reduced grass to almost nil.

Appl ication of proper irrigation practices will require a great deal of knowledge about

soil, water and plant interrelationships. Excess water as was discussed in the first section

on disease will reduce plant vigor and yield by promoting disease through a poor soil environ'

ment. Too little water and a failure to maintain an adequate supply of water in the root

zone stops plant growth and in that way also reduces yield. Adjustment of the proper irriga-

tion frequency, the right amount of water to apply per irrigation, and the number of irriga-

tions between cuttings are all interrelated. There is no single recommendation that can

apply over the broad types of soils which we have in California. However, with some experi-

mentation and much experience irrigation practices can be improved to satisfy the moisture

needs of alfalfa over a very wide range of soil conditions. Growers are doing this by alter-

ing drastically their production practices including varieties, night irrigation, short irri-

gation periods, shorter runs, sprinkler irrigation, and such production innovations.
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Figure 1. Major alfalfa cl imate zones in

C-aTifomia.

1. Low desert valleys of southern Cal ifornia.

2. High desert valleys of southern Cal ifornia.

3. Coastal valleys of central and southern

California.

4. San Joaquin Valley.

5. Sacramento Valley.

6. North coastal valleys.

7. High elevation mountain valleys.

Figure 2. Problem soil areas in Cal ifornia

alfalfa producing zones. Areas are not all

inclusive or exclusive due to the soil vari-

ability present in all areas of Cal ifornia.

Many producers have modified these problem

soils to produce high yields of alfalfa.
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F}~ure 3. Areas where summer scald and Figure 4. Areas where stem nematode or

species of the root knot nematode have
been identified in sufficient numbers to

affect alfalfa production.

Figure 5. Areas where bacterial wilt has

been or now is a problem in alfalfa produc-

tion.
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rhizoctonia stem and root rot are most

I ikely to occur. Rhizoctonia stem and

root rot have not been commonly found in

the southern San Joaquin Valley.


