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~ ABSTRACT

A study was conducted at Tucson, Arizona during 1963
and 1964 to determine the effect of temperature and leaf
area index on carbohydrate reserves in the.roots, vegetative
growth and persistence of alfalfa plants and to obtain in-
formation that would contribute to an understanding of the
physiology of alfalfa plants when grown under climatic con-
ditions of the lower desert valleys in the southwestern

United States.

Alfalfa Managementvin Field Plots

Data were recorded on air temperatures in the field
during 1963 and 1964 and-on temperatures at various soil
depths and heights in a sward of Moapa alfalfa (Medicago
sativa L.) plants. The dry weight of forage obtained frbm
plants under four management regimes'and data for each har-
vest and two weeks following harvest on several plant char-
acteristics were recorded.

‘Stage of groﬁth at harvést had a greater influence
on forage pfoduction and plant population than stubble

height. Decline in forage yield and stand depletion was

xiv



greatest during the period when night'temperatures were
highest.

‘There was é highly significant and positivé-corre-
lation between leaf weight and leaf area of Moapa alfalfa
plants rggardless of stage of growth at harvest, stubble
height or season of year. One gram of Moapa alfalfa leaves
was equivalent to 51.38 square inches of fresh leaf tissue.

Carbohydrate reserves in alfalfa plants hafvested
at the 50 per cent bud stage of growth declined more than
when harvested at the 25 per cent bloom stage. Influence of
stubble height on acid-hydrolyzable carbohydrates was great-
est during the first two weeks after forage harvest.

All top growth characteristics and root weight were
highly correlated with acid-hydrolyzable carbohydrates and
a close relationship existed between these plant character=-
istics and high night temperatures as well as frequent har-

vesting.

Field and Greenhouse Teﬁperature Study
' One-year-old Moapa alfalfa plants harvested at the
50 per cent bud and 25 per cent bloom stages of growth,

seedling Moapa alfalfa plants, and alfalfa clones MAR 5 and



xvi
MAR 45 were grown in pots in the field and greenhouse from
April 21 through September 15, 1964. Data on several plant
'characferistics wére recorded weekly.

Alfalfa plants grown under high night temperatures
in'the greenhouse had longer internodes tﬁan plants grown
in the field, however, when the average minimum temperatures
in field and greenhouse were of equal magnitude (20 C) the
differences in plant height no longer existed.

There was a greater decline in top growth character-
istics of the plants in the greenhouse than in the fieid.
This decline occurred earlier in the-study in one~year-old
plants'than in younger plants (geedlings and clones).

Crown diameter, crown weight and foot weight of
seedling and clonal plants grown in the field increased
at a higher rate than plants grown in the greenhouse.

The deciiné in per cent acid-hydrolyzable carbo-
hydrates was significantly greater when plants were grown
under high night and moderate daytime temperatures in the
greenhouse than when grown in the field. However, when
average minimum temperatures in the field exceeded 20 C
the differences between plants grown in the field and

greenhouse were of a lesser magnitude.-

- - L]
b



In early stages of growth, younger plants were
affected less by high night températures, but the contin-
uation of high night temperatures resulted in a greater
decline than in older plants.

Alfalfa planté grown under high night temperatures
had lower leaf area indices when they reached the 25 per
cent bloom‘stage of growth which resulted in reduced yields
and lower carbohydrate reserves in the roots when harvested
at that stage.

There is need for further investigation in the use
of leaf area index, plant height and maturity for harvest

management during periods of high night temperatures.



INTRODUCTION

Alfalfa is the oldest crop grown solely for forage,
and since its introduction into California in the early .
1840's, it has become the most important forage érop in
irrigated areas of tﬂe Western United States. .Alfalfa is
utilized primarily as a basic roughage for livestock be-
cause of its palatability and high protein content and
secondly as a soil-building crop because of its deep tap-
root system and nitrogen-fixing characteristics.

The lower desert valleys of the southwestern United
States are characterized by mild winters and hot summers
with e#ceedingly high day and night temperatures»during
July and August. There is a noticeable decline in the growth
of alfalfa plants during these hot summer months. This de-
cline in growth is commonly refgrred to as a "'summer slump’.
Since this "slump' period coincides with the éeriod of high
| temﬁeratures, indicatipns are that temperature is respon-
sible; howeve;, sufficient evidence is not available to con-
firm this theory or to show how high temperatures affect the

alfalfa plant.



Many workérs have investigated the relationship of
carbohydrates in alféifa roots and winter survival, but
there is a limited amount of information on the relation-
ship between carbohydrate reserves and high temperatures.
Carbohydrate products play an important role in the life
cycle of an alfalfa plant. Carbohydrates stored in the
crown and roots of alfalfa plants are used to initiate new
growth following cutting. Since alfalfa is harvested sev-
eral times a year for forage in the southwestern United
States, this process occurs repeatedly throughout the year.

Research workers have indicated that the increase
in dry weight of a forage plant is felated to the ratio of
leaf surface area to ground cover, and that growth rate is
reduced when the leaf surface area is reduced. This lower
growth rate and-reduced plant size would effect carbohydrate
production as the leaves of the plant are the principle
orgaﬁs involved in the photosynthetic production of carbo-
hydrates.

A reduced leaf surface area could decrease the
amount of photosynthetic tissue to the extent that reserﬁe
. carbohydrates used in initiating new_gréwth were-not_re--

placed to their previous level before the foliage was



removed in harvesting. The next regrowth would then be
initiated at a lower level of resérve carbohydrates than
the previous.growth. This could result in fewer stems be-
ing produced, a smaller total leaf surface area for the
next harvest, and fewer reserve carbohydrates being avail-
able for initiation of regrowth after each harvest through-
out the season. |

Information on the effect of temperature and leaf
area index as related to cérbohydrate reserves stored in
the root, vegetative growth and pérsistence would contrib-
ute to an understanding of the physiology of alfalfa plants
when grown under climatic conditions of the southwestern
United States.

The objectives of this inﬁestigation were:

(1) To determine the correlation between leaf weight
and leaf area and their relation to carbohydrate
level in the root.

(2) To determine the influence of stage of growth and
stubble height at harvest on forage production,
level of carbohydrates in the roots and survival

of alfalfa plants under field conditionms.
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(3) To provide more detailed information of the effect
Aof genotype, age of plants, leaf area'index, and
night temperature on carbohydrate reserves in the
'root, vegetative growth and survival of alfalfa

plants.



REVIEW OF LITERATURE

Research on alfalfa has been pursued for ﬁearly

* six decades (77) and facets of investigation have been many
and varied. In presenting this review only literature
specifically pertaining to harvest management, carbohydrate
reserves in the root, leaf area index, and effect of tem-

perature will be cited.

Harvest Management -

The time and frequency of harvesting alfalfa in
relation to the stage of maturity and season of fhe year
have been shown by many research workers (31, 45, 51, 75)
to effect vigor of the plant, the number of stems per |
plant and seasonal yield.

| Willard (75) reporfed that alfalfa grown in arid
regions had a larger root to top ratio than alfalfa grown
in humid regions. He also observed that cutting alfalfa
more than three times resulted in greatef yield reductions
in the humid regions of the United States than in the arid
regions. Willard hypothesized thatra greater nuﬁber of

cloudless days during the growing season in the arid regions

5



enabled alfalfa to manufacture food materials at a more
rapid rate thaﬁ in the humid regions. This fact was
offered as an explanétion of why alfalfa remains very pro-
ductive under six to eight cuttings per season in the arid
regions, but to retain vigor and long-lived stands only

- three cuttings are taken in the humid regions.

Investigators (12, 26, 38, 61) have observed that
cutting schedules followed in any one year are reflected
in crop yiel&s in subsequent years. Graber and Sprague
(26) found that the interval of time between cutting alfal-
fa in 1931, 1932 and 1933 was cleérly reflected in yields
of dry matter in 1934. Jackobs (38) reported that alfalfa
which was clipped every 25 days during the 1947 and 1948
growing seasons in Washington produced only 90 per cent as
much dry matter in 1949‘as plants which had been cut at 41
day intervals the two‘previous years.

In the northern United States, the injurious ef-
fects of late summer and early fall cuttings on the bud
formation, wiﬁterhardiness, storage of reserves and subse-
quent yield of alfalfa have been described by several
investigators (17, 53, 59, 62). Also, research workers

(11, 13, 27, 30, 38, 41, 51) have found that cutting



alfalfa too frequently had adverse effects on forage pro-
duction, longevity and behavior of plants. However, Wing
(77) fouﬁdithat cutting alfalfa at the prOpef time encour-
aged the increase of new crﬁwn buds.

Investigations to determine the desired maturity
of alfalfa at the time of cutting for gfeatest yields have
been numerous (6, 7, 11, 17, 22, 30, 74). Essentially,
criteria used as a guide for harvesting have been flowering
and length of crown buds.

The time of harvesting alfalfa in relation to the
formation of crown buds has been an important factor in
alfalfa management. Based upon work by Wing (77), this
criterion was perhaps the only accepted rule for harvesting
alfalfa until the late twenties. Archer and Bunch (3) and
Hackleman (32) recommended that alfalfa be cut before the
new crown shoots were large enough’'that they would be re-
moved during hay harvest since their removal resulted in
slower recovery. This criterion was not found to be valid
by Moore and Graber (49), and the results obtained by Moore
and Graber have been confirmed by other investigators (76,

68).



Viillard (7&4) observed ﬁhat in humid areas the de-
velopment of crown buds and shdots seldom appear uniformly
at one time, and therefore these criteria would not be a
successful indicator as to the time to harvest. Feltner and
- Massengale (23) reported that dﬁring warmftemperature peri-
ods plant height rather than flowering might be a better in-
dicator of time to harvest. In Great Britain, Denﬁ'(16)
observed that harvesting at bud stage allowed time for four
cuttings rather than three. The four cuttings frequently
yielded nearly the same in dry matter as the three cuttings
and the quality was improved by the four cuttings:

Several workers (3, 19, 30, 32, 34, 60) have re-
ported that.the proper tihe for cutting alfalfa was at the
early bloom stage or when crown shoéts have made éome
growth. However, most studies have indicated that harvest-~
ing at the full bloom stage gave the highest yield of dry
matter (23, 30, 50, 75). Archer and Bunch (3) and Hackleman
(32) found that new crown shoots usually are one-half to
one-inch long at the one-tenth to one-half bloom‘stage and
occasionally are two inches in length.

'In New Jersey, Dotzenko and Ahlgren (19) observed

that cutting alfalfa at the one-half bloom stage gave the



maximum return in yield without reducing or injuring the
stand. In the same stage, Cowett and Sprague (13) reported
that Atlantic alfalfa cut at full bloom produced more dry
weighﬁ and more stems and buds per plént at Subsequent
harvests than when cut early..‘ﬁowever, no significant
differences existed in these characters between plants cut
at late bud and early bloom stages. Graumann et al. (30)
Jin Oklahoma subjected alfalfa plants to successive cuttings
at the bud, one-tenth blobm and full bloom stages of
growth. Forage yields at the bud stage averaged 23 per
cent less than those cut at the full bloom stage. Nelson
(51) harvested Grimm, Turkistan and Kansas Common alfalfa
plants for three consecutive years at the bud, one-tenth
bloom and full bloom stages of growth. He found that
average yields for the-three-year period were highest from
plants harvested at the full bloom stage of growth and
lowest from plants harvested at the bud stage being 3.5
and 1.8 tons per acre respectively.

In another experiment, Nelson (51) subjected al-
falfa plants to various cuﬁting treatments. He found
plangscut at the full bloom stage of growth recoveréq

more quickly than did plants cut at succulent stages. The
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height of plants ten days after clipping was 10.5 inches
for fhe full bloom stage of growth compared to 5.0 inches
for plants cut in succulent stages. This same trend |
existed 30 days later. Height of plants clipped at the
early bloom stage was intermed?ate between those of the
full bloom and succulent plants oh all recording dates.

He observed also that the full bloom stage yielded 3.8
tons per acre while plants harvested at immature stages
yielded 0.7 tons of forage the.first year. Ihe plants cut
most frequently were considerably'weakened-and weeds en-
croached. Kust and Smith (éi) working with Vernal alfalfa
in Wisconmsin reported that plants cut four, five or six
times a year consistently yielded less total.forage than
those cut three or fewer times each year. The ylelds of
bromegrass-alfalfa and bromegrass-ladino clover mixtures
were studied by Burger and co-workers (9, 10). They found
that the total annual yield of the bromegrass-ieéume '
mixtures was reduced with each increase in the number of
harvests above three.

Feltﬁer and Massengale (23) observed that du:ing the

warm summer months alfalfa plants cut frequently showed a

severe reduction in forage yields. Ryegrass, cocksfoot and
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timothy swards were observed by Anslow (2) to have lower
herbage production in midsummer than in léte spring. He
measured the growth rate of green material in swards dif-
fering in leaf area and light interception; however re-
sults of this expgriment did not suggest that higher growth
rates could be obtained by altering these variables. An
examina;ion of the tiller population of cocksfoot and
timothy showed that in summer the herbage yields were
correlated with the average tiller size. These data sug-
gested that yields were influenced by the change from a
phase when the mature tillers were forming inflorescences
to one when herbage was derived from young tillers formed
in the same summer.

The height of the stubble that remains after the
harvest of forage crops has been thought to influence the
yields of regrowth. 1In Illinois, Burger“and co-workers (9,
10) subjected a bromegrass-alfalfa mixture to cutting at
three stubble heights (one-inch, two-inches, and four-
inches) on three harvest schedules'(three, four, and five
times per year). In both experiments (1955-1957 aﬁd 1958-
1960) the yields increased as the stubble heights increased

fegardless of harvest schedule. In a greenhouse study in
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Michigan, Harrison (33) observed the influence of dif-
ferent stubﬂie heights on alfalfa regrowth. Forage was
harvested weekly over an eight-week period. The one-
inch stubble height produced less top growth than the
six-inch stubble. During the first two harvests, the
regrowth produced under the two cutting treatments was
the same, but in all subséquent harvests the yield was
higher from the six-inch stubble height. |

Langer and Steinke (43) found that alfalfa stubble
height had greater influence on yield than frequency of
cutting under greenhouse conditions in New Zealand. They
attributed tﬁis factor to differences in leaf area index A
and size of root system. In a greenhouse study in Wiscon-
sin, Wolf et al. (78) using stubble heights of one, three,
and five inches £ound'that both stubble height remaining
after harvest and frequency of cutting influenced alfalfa
ylelds. They reported greater differences in alfalfa
yields when féiage was removed after the plants had aﬁ-
tained a regrowth of eight inches than when forage was
removed after plants were tweive inches in hgight.

In summarizing the literature, Reynolds (54) stated

that alfalfa plants with a short stubble height produced
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the highest yields of regrowth when the interval between
harvests was relatively long; when tﬁe interval between
harvests was relatively short plants with a taller stubble
height generally ylelded more. In a field study in Wis-

~consin, Reynolds (54) found a highly significant difference
‘4 in yield between élfalfa stubble heights on one and one-

: half and foun and one-ﬁalf inches; howeQer, there was a
lack of consistent superiority of either since initial
yields prior to bud stage were greater with the shorter
stubble height and yields following bud stage were higher
with the taller stubble height.

Carbohydrate Reserves in the Root

The.unharvested portion of the alfalfa plant is of
particular importance since it comprises &h; storage orgaﬁs
for the food reserves used by the plant in respiration and
regrowth. Graber (25) defined reserve carbohydrates in a
plant as '"an accumulation of materials in excess of the
immediate requirements of the plant for growth".

Reynolds (54) studied the trends of'thé ratio of -
the weight of carbohydrates in the roots to the weight of
carbohydrétés in the crowns of alfalfa and bromegrass. His

findings indicated that the roots of alfalfa and bromegrass



14
have greater supplies of carbohydrate reserves than do the
crowns. Mark (45) observed that the disappearance of car-
bohydrate reserves varied with the seaéon and the stage of
growth or regrowth of plants. He alsd found that levels
of carbohydrates of the alfalfa root differed in relation
to the sectioﬁ of the root sampled with the upper three
inches of the root having:higher percentages of sugars and
other carbohydrates than the next lower seven inches. Eaton
and Ergle (21) and Willard et al. (76) reported that limit-
ed moisture increased the carbohydrate concentration in the
roots.

According to Willard (75) and Grandfield (29)
plants with depleted food reserves in the root had a re-
duced number of active crown buds indicating the importance
of food reserves in the plant. The carbohydrates which
accumulated in the roots of the alfalfa plants were observed
by Cowett and Sprague (13) to possibly govern the degree of
tillering more than any other factor. In early research,
Nelspn (51) found organic food’resgrves in‘tﬁe roots and
crowns of alfalfa to be important for new shoot and stem
growth. When root reserves were depleted, top growth was

slow, storage of carbohydrates in the roots was slow,
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yields were low, weed infestation of the-alfalfa stand
increased and root growth was retarded.

May and Davidson (47) placed emphésis on carbohy-
drates as a respiratory substrate and to a lesser extent
as a translocated material used in synthesis of new tissue
at growing points. Davidson and Milthorpe.(IS) conducted
a study éf carbohydrate reserves and regrowth of grasses
and they suggested that the reserve carbohydrates formed
part of a labile pool and were used for the synthesis of
new compounds and respiration when photosynthesis was re-
stricted. Ward and Blaser (70) observed that cafbohydraté
reserves showed evidence of being used for respiration and
for synthesis of new tissue by decreasing for several'days
following defoliation and theﬁ increasing through the 35th
day. They also found that the regrowth potential of or-
chardgrass plants was related to both carbohydrate reserves
and leaf area remaining after cutting.

Grandfield (28) reported that the age of alfalfa
plants influenced the percentage of carbohydrates in the
roots. At similar stages of growth, the percentage of
carbohydrates in the roots of a younger plént was higher

than in an older plant.
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The level of carbohydrates in the roots of alfalfa
is- closely related to winter survival. The time of the
last cutting in the fall is critical for maintaining plant
vigor (7, 17, 28, 36, 38, 60). Grandfield (28) reported
that a satisfactory time for fall cutting was one that
allowed-sufficiént time for the plant to build up carbohy-
drates in the roots. A satisfactory fall growth period
for adequate storage of carbohydrates in the root was de-
scribed as one that allows eight to ten ihches of top
growth before the first killing frost in the fall.

Carbohydrate reserves in the roots of alfalfa were
found to be highest in the fall by Willard (75), and he
attriﬁuted this to 1oﬁer temperatures, reduced respiration
and a high rate of photosynthesis. According to Luekel
(44) new growth that is produced after each cutting ex-
- hausted the root reserves more than the fifst growth in
the spring.

Several studies (7, 12, 23, 27, 28, 36, 41, 60, 74,
78) have shown that root reserves ﬁere influenced by the
time of harvesting. According to Willard (74) root reserves
increased regularly in young alfalfa up to the first cutting.

Brown and Munsell (7) in Conmnecticut noted a decrease in the
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carbohjdrates stored in thq_roots for about 20 days after
cutting and a consistent increase in the carbohydrates
stored in the roots:from 30 days after cutting. The most
rapid storage of carbohydrates in alfalfa plants grown in
the field in Connecticut occurred between 41 and 50 days
after cutting. A greenhouse study conducted by Wolf et al.
(78) showed that total available carbohydrates in alfalfa
roots increased as the height of cut increased from one to
three to five inches with the greatest differences occurring
under frequent harvest management.

Smith (60) reported data from two.experiments (one
conducted iﬁ Kansas for a period of eight years by Salmon
and co-workeré and the second by Graber and co-workers in
Wisconsin for a period of five years) showed that over a
period of years cutting alfalfa at the full bloom stage
of development resulted in higher yields of alfalfa than
when harvested at bud or one-tenth bloom stage. Smith (60)
also stated that Graber studied the seasoﬁal trends of car-

bohydrate reserves in the roots of alfalfa plants and found
| that plants.at'or nearlfull-bloom stage contained the high-
est level of carbohydrate root resérves, Smith further

~ states that the full bloom stage is the optimum stagé of
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development for maximum storage of carbohydrate reserves
in the roots, highest alfalfa yields and maintenance of
vigofous and productive stands. Prior to full bloom the
reserves have not reéched their highest storage level and
after full bloom this level starts‘fo decline because of
regrowth from crown buds.

Grauman et al. (30) observed that cutting alfalfa
at the pre-bud stage resulted in the roots having very low
percentages of total available carbohydrates. This was
attributed to the fact that the build up of reserves was
interrupted by cutting while tﬁe roots were still very low
in reserves and consequently yields were loﬁ. Not all
investigators are in agreement on the amount of reserve
energy needed by the plant, for example, Matches et al. (46)
indicated total available cérbohydrate reserves in the root
may be sufficiently high at the one~-tenth bloom stage to
provide the plant with adequate enefgy to withstand adver-
sities. Matches and co-workers further reported that the
minimum level of carbohydrate reserves necessary to insure
recover&‘was 10 to 15 per cent.

Most of thé literature reviewed concerning carbohy-

drate reserves indicated that the carbohydrate reserves
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usually decreased during early'vegetativé growth in the
spring and after top growth has been harvested. There is
also a decline in reserves with each successive harvest
until after mid-season followed by an increase in the fall
of the year. This decline and'subsequent build-up appears
"to be greatly influenced by harvest management. Alfalfa -
varieties, air and soil temperatures, irrigation manage-
ment, fertilizer management, and location might also

contribute to the differences noted by investigators.

Leaf Area Index

Thé ratio of surface leaf area in square feet per
sqﬁare foot of soil aiea was named as ''leaf area index'' by
Watson (71). '"Net assimilation rate' was defined by Watson
(72) as the net gain of dry matter of plants relative to
their leaf area which is usually regarded as an indicator
of mean photosynthetic efficiency. Watson (71) found "leaf
area index' to be a more accurate determinant of dry weight'
yield than ''net assimilation rate'.

Several workers (1, 5, 6, 14, 71) have found that
the "optimum leaf area index'", also refeﬁred to as “critical
1eaf‘are# index', is the leaf area neﬁéssary to 1ntércept

95 per cent of the incident mid-day light. Ward and Blaser
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(70) suggested that an accumulation of a leaf area index
beyond that needed to iﬁtercept 95 per cent to 100 per cent
of the light may result in sufficient self.shading to re-
duce dry matter accumulation.

An association between leaf area index and daily
growth rate has been established by several investigatoré
(L, 6, 14, 18, 47, 71). These workers also showed that
the optimum leaf area.index differed among plant species.
Stern and Donald (64) presented a relationship among the
level of radiation, the leaf area index, and the crop

growth rate of subterranean cloveriffrifolium subterraneum

L.) in Austraiia. They indicated that the optimum leaf
area indgx increased with increasing levels of radiation;
and further that as the leaf area index increased, the
level of radiation required fpr maximuﬁ growth rate also
increased. Previoqs research workers ha?e assumed that a
‘relationship must exist between level of radiation, leaf
area index and crop growth rate; however, Stern and Donald's
data were the first to show clear experimental evidence.

In Australia, Black (5) studied the interrelation-
ship of solar radiation and leaf érea index in determining

the rate of dry matter production of swards of subterranean
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clover and noted that as the swards of clover developed,
the leaf area index required for the complete absorption
of all incident light energy increased thus éonfirming
earlier findings of Stern and Donald.

Davidson and Donald (14) reported that in swards
of subterranean clover .in Australia, dry matter production
reached a maximum when the leaf area index was about 4 to
5, and it dropped by about 30 per cent when the leaf area
index increased to 8.7. Leaf production was greatest at a
leaf area index of 4 to 5 and at 8.7 it dropped to zero.
Data were collected on reé¥thh-and measurements of net
assimilation rates of orc@grdgrass in Virginia by Pearce
and Brown (52) during the summer of 1964. These data showed
net assimilation occurred between leaf area indices of 3.5
and 8 with.about 5.5 being the optimum. They also observed
that cutting orchardgrass stands to seven and four inches
resulted in a large decrease in net assimilation rate com-
pared to uncut stands of similar leaf area index. Immedi-
ately after cutting, high light 1ntensi;ies were not utilized
as efficiently by the leaves in the lower portions of the
stand as théy ﬁere in uncut stands. In a study using tim-

othy and meadow fescue, Lambert (42) concluded that majbr
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yileld differences were directly related to differences in

leaf area since net assimilation values were relatively

constant;
.inroi and Monsi (?5) presented the following con-
cept as a proposal of schemata for dry-matter reproduction:

"When we discuss the dry-matter economy of
the plant, we must think of that the plant is com-
posed of two opposite systems, photosynthetic (in
general leaves) and non-photosynthetic (stems,
roots and reproductive organs). The former is the
carrier of productive means and contributes directly
to the growth in dry weight through photosynthesis.
The latter can contribute to the growth of plant
in various ways, such as support of photosynthetic
system, translocation and storage of photosynthate,
water and nutrient absorption, etc., but stems,
roots and reproductive organs must essentially be
regarded as consumer, because respiration predom-
inates in them. Therefore, we are in a position
to consider that the plant growth in dry weight
production or income by the photosynthetic system
and the dry-matter loss or expense by the non-photo-
synthetic system.’

Saeki (57) expressed the opinion that yield ulti-
mately depends upon the efficiency of the photosynthetic
processes and upon the extent of the photosynthetic surface.
Saeki further postulated that leaves have an "internal
force" which attracts raw material for its own growth, and
he lists three major factors which determine the final leaf
size. These factors are: (1) dry matter productivity of

the whole plant, (2) proportion of the total foliage growth
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in dry matter to the total dry matter production, and
(3) plastochrone (the time interval between different;a-
tion of successive leaf primordia). The first and secoﬁd
determine the quantity of dry matter in total foliage
growtﬁ of the whole plant, and the third determines the
amount of dry matter incorporated into each of the expand-
ing leaves. Saeki (56) also reported that when the‘leaf
area index was low .the inclination of the leaves was rel-
ativeiy unimportant as a factor in influencing daily as-
similation but as the leaf area index increased the
inclination became more vital. Upright leaves were more
efficient than horizontal ones under full daylight because
less shading occurred on lower leaves. |

Fuess and Tesar (24) analyzed differential yields
in alfalfa. They found that new photosynthetic activity
of alfalfa leaves decreased with age. Leaves more than
three weeks old were less than one-seventh as active photo-
synthetically as five-day-old leaves. They found that leaf
area index reached an average ceiling valué of 5.16 during
the first cutting. Results of the study by Fuess and Tesar
indicated thét leaf area index was not an accurate predictor

of annual production but showed a positive relationship‘to
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yield for individual cuttings when plants were cut fre-
quently. Q

Donald and Black (18) and Brougham (6) have pléced
importance upon maintaining sufficient ieaf area aé all:
times to utilize maximum incoming radiation in order to
insure maximum:rate of dry matter production in the grass
crop. Pasture grasses ﬁeed to build up leaf area and
tiller numbers rapidly during the early life of the sward
and to maintain‘an optimum area of leaf surface as external
conditions fluctuate through the growing season. In the
sward, leaf area index is dependent upon the leaf area per
shoot and the number of shoots. While the totai leaf area
per shoot depends on the area and number of assimilating |
leaves, the rate of production of new leaves‘and senescence
of old leaves is also involved over a period of fime. Ac~
cording to Ryle (55) a large proportipn of immature 1egves
may be a detriment in the competitive environment of the
grass sward since leaves generally do noﬁ export much
assimilate until they have almost reached their final size.

Studying the growth of Italian ryegrass, Hunt (37)
observed that the yields of leaf blade and ieaf sheath

increased rapidly with time until there was sufficient
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foliage to interéept virtually all of the noon light and
slowly thereafter. On the contrary, the yield of senes-
cent and dead matefiél“increased slowly at first and rap-
idly later suggesting that dry matter accumulation beyond
the stage of complete light interception depends to a large
extent upon factors which determine the rate of tissue

decay.

Effect of Temperatures

Most research étudies relating to the effect of
temperature have been conducted in northern sections of the
United States where low temperatures are the prime consid-
eration. Research has been limited in southern areas ﬁhere
excessive summer temperature is of major concern.

Wang (69) conducted a séudy of temperature in crop
environments. He stated that it was difficult to measure
plant temperature; therefore, he recommended using the tem-
perature of the air and the soil surrounding the plant.
Soil temperatures were found to‘*greatly exceed air temper-
atures by Julander (39). He recorded soil temperature of
125 F when thé air temperature was 97 F. Wang (69) found
soil temperature to be of greater importance than air tem-

perature in influencing growth of the corn plant during
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the seedling stages. Cowett and Sprague (13) reported
.ghat soll and air temperatures were lower and varied less
during the day in dense stands than in sparse stands of
alfalfa.

‘The cause éf "summer slump' in hay production was
investigated by Stanbérry and co-workers (63) in a four-
year expefiment conducted at Yuma, Arizona. They noted
that during the summer months alfalfa did not respond to
high rates of fertilizer and irrigation water; therefore,
they hypothesized that high temperatures were resbonsible.
West and Prine (73) reported that; in Florida, alfalfa
persisted poorly. They suggested that temperatures were
responsible for tﬁe pbbr persistence since night tempera-
tures were comparatively high during the summer months.

Many research workers (8, 13, 23, 40, 48, 66) have
reported that high temperature reduced the reserve carbohy-
drates. Accofding to Kendall (40) carbohydrate defiéien-
cies because of high temperatures were responsible for.a
high mbrtality rate of red clover. Sullivan and Sprague
(66) reported that high temperatures affected perennial

.ryegrass in much the same manner as darkness had in a
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previous study (65) since both environmental conditibns
led to a rapid dissipation of carbohydrate reserves.

.Schmidt-(58) observed that bentgrass grown at 95 F
during the day declined in yield, root growth, net assimi-
lation rate and respiration as night temperat?res.increased
from 60 to 90 F. Feltner and Massengale (23) found that
high night temperatures during hot summer months were more
closely related to carbohydrate reserves than were high
day temperatures. They further suggested thgtvhigh night
tempgrétures coupled with frequent cutting increased de~
pletion of carbohydrate reserves and reduced forage yield.

High temperatures may.é#haust the root reserves
completgly by excessive respiration (8, 66, 67). According
to Meyer and Anderson (48) the optimum temperature for
respiration in most plants is higher than for photosyn-
thesis, and in any plant, relatively high temperatures
reduce the accumulétion of reserve food materials. They
also reporﬁed.that respiration rate of plants'increased
two to two and one-half times for each 18 F increase in
temperature.

In growth-chamber experiments with white clover,

Beinhart (4) observed that gains in dry weight were
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approximately proportional to leaf area over a large range
of temperatures and ligﬁt intensities. Plants growing at
86 F produced fewer and smaller leaves, and hence less total
leaf area than plants at 74 of 62 F at a light intensity
of 600 foot candles. When lighﬁ intensity was increased
to 2000 foot candles,.the adverse high temperature effects
on plants af 94 and 86 F were partlally offset by increased
leaf area production. Beinhart further reported that sea-
sénal_variationskin leaf area production by plants grown
under £iéld conditions were consistent with responses ob-

served in growth chambers,



METHODS AND MATERIALS

This study was conducted at the University of
Arizona, Tucson, Arizona. The field work was done on the
Caﬁpbell Avenue Farm and the greenhouse work{waéﬂin the

Agronomy greenhouse on the University of Arizona campus.

Alfalfa Management in Field Plots

Moapa alfalfa‘(Médicago sativa L.) was seeded with

a Brillion seeder at the rate of 20 pounds per acre in a
Gila sandy loam soil on October 5, 1962. -Ninetj pounds of
phosphorous as treb}eisuper phosphate had been incorporated
into the soil pribr to seeding.

The £ield plots consisted of theAfollowing four
treatments replicated four times in a randomized block
design:

(1) Alfalfa plants harvestéd:to leave a one-inch
~ stubble height when 50 per cent of the stems
had buds.
(2) Alfalfa plants harvested to leave a four-inch
stubble height when 50 per ¢ent of the stems

had buds.

29
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(3) Alfalfa plants harvested té leave a one-inch
stubble height when 25 per cent 6f.the stems
had flowers. |

(4) Alfalfa plants harﬁested to leave a four-inch
stubble height when 25 per cent of the stems
had flowers. |

The plots were 25 feeﬁ wide and.SO_feet long with a
three-foot alley between replications. There was a guard
strip, ten feet in width, on"the north end where the irri-
gation water entered the plots and a éix-foot guard strip
on the south end of the plots. The first eight feet on the
west side of the plot were maintained for obtaining data on
forage yields and the remaining 17 feeﬁ were for root samp-
ling as illustrated in Fig. 1.

A Milbradt power mower equipped with an adjustable
gauge wheel for stubble height was used to cut the forage
in the field plots. The forage from strips tﬁree_feet wide
and 50 feet long was cut and weighed. The drygweights
were determined by taking a 500 gram green sample and dry-
ing it at 65 C in a forced air drier. | o

Since the experiment was irrigated by flooding, the

plots were located in four adjacent borders. Moisture
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tension of the soil was obtained by irrometers placed in
eaéh treatment of replication two. When the moiéture
tension reached 0.5 atmosphere at a depth of 12 inches, |
the plots were irrigated with approximately 0.4.acre-foot‘
of water.

When harmful insects were noted in the plots,
alfalfa plants were dusted with a commercial insecticide
containing 15 per cent toxaphene, 5 per cent DDT, and 40
per cent sulfur to minimize damage to plants from insects.

Stand depletion was determined by counting the
number of plénts within a two-square-foot area from 50
locations selected at random in the root sampling area of '
each plot after the plants had become established (December
1962) and coﬁparing it with the number of plants dug from
these same areaas at specific dates throughout the study.

A wooden frame (1* x 2') was used to mark areas for count-
ing plants, and a'staké was placed ih.the right hand cor-
ner.of the frame at the nofﬁh end in such a manner that
the frame could be replaced in exactly the same spot.

The 1963 season was divided into three growth
periods: One (April 1 to July 15), Two (July 16 to. Septem-

ber 15), and Three (September 16 to November 30). A
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forage-production period (from harvest to the following
harvest) that ﬁould be representative of each temperature
period was selected for collecting root samples. Root
samples were taken from the two-square-foot area at the
start of each forage prdduction period and ;wice weekly
until the forage was harvested at the end of that petiod;
During the 1964 season, root samples were dug at each har-
vest time and at 14 days after each harvest.

Data obtained from the alfalfa plants dug from the -
two-square-foot area were number of crown buds, number of
‘stems, leaf weight, stem weight, stem length, root weight,
crown weight, crown diameter, percentage of acid-hydrolyz-
able carbohydrates in the root and number of plants remaine
ing. All stem tissue exceeding one inch in length was
counted as stgms whereas live stem tissue less than one
inch in length was considered crown buds. After the plants
were dug they were washed and the roots wére cut uniformly
to a length of six inches below the base of ﬁhe crown. The
stems were'clipped at one inch above the junction of the
root and crown, and then the root portion was sépa:ated
frém the crowns. After recording the data 1isted above,

the roots were placed immediately in a temperature
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contxolled oven and dried at 80 C for 24 hours. The roots
were then wéighed and ground finely enough in a Wiley mill
to pass}through a 60 mesh screen. The ground material was |
placed in brown-tinted bottles and stored until it could
be analyzed in the laboratory.

| In 1963, several measurements of leaf area were
made to determine if a relationship existed between leaf
area and‘carbohydréte level in the roots bf alfalfa plants.
Measurements were made with a planimeter at first, but
this method proved to be so time consuming that_a method
of estimating 1eaf.area from leaf weight was devised.

The total amount of leaves from the root sampling
area of two-square feet was divided into four groups as
nearly equal as possible. Two samples (0.5 and 1.0 gram of
green weight) were taken from each group. One sample was
used for dry weight determination. This sample was weighed
and placed in a temperature-controlled oven at 80 C for
24 hours then weighed again to determine percéntage of
dry weight on an oven-dry basis. The other sample was
weighed, placed on scotch tape, then taped to white poster
paper and verifaxed (Kodak Model L 2 Verifax Copier Machine)

to reproduce an exact image of.éachileaf (Fig. 2). From
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these verifaxed copies, planimeter (Lietz Polar Planimeter)
- readings were obtained for total leaf surface area. The
percentage of dry weight obtained from the first sample was
used to convert the second sample to an oven-dry weight
basis, then this wvalue and the measured‘leaf surféce area
were used to determine the degree of correlation between
leaf area and leaf weight. There were 864 leaf area and
leaf weight determinations used to correlate leaf area and
leaf weight. These measurements represented four management
treatments and three growth periods throughout the 1963
season.

During both the 1963 and 1964 gfo%ing seasons, max-
imum and minimum air temperatures atla height of one foot
above the soil level were obtained from a hygrothermograph
placed in a shelter in an open area‘between plots. Dufing
the 1964 season, air temperatures and soil temperatures
were measured with a Yellow Spring Model 47 Scanning Tele-~
Thermometer and recorded with a Yellow Spring Model 80
Laboratory Recorder (Fig. 3). The sensitive elements were
placed in treatments one and three of repli;ation two and
located at the surface, one and six inches in the s§il, and

six and twelve inches in the sward. To measure the air



Figure 3.

Scanning Tele-Thermometer and Yellow Spring
Instrument Model 80 Laboratory Recorder used
to measure and record air and soil tempera-

37

tures in the alfalfa management plots at the -

Campbell Avenue Farm, Tucson, Arizona.
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temperatﬁre an element was placed at a height of 36 inches
in an area adjacent to the ploﬁs which was unobstructed by
vegetative growth. The temperature'was recorded at 5 to 6
AM., 12 to 1 P.M., 4 to 5 P.M: And 9 to 10 P.M. to deter-
mine temperature changes throughout the day for different

growing seasons.

Field and Greenhouse Temperéture Study

During 1?64, the effect of high night temperatures
on carbohydrate reserves in the root, vegetative growth and
survival of alfalfa plants was studied in the field and
greenhouse using one-year-old alfalfa'plgnts, clones and |
seedlings. Tﬁe one~year-old alfalfa plants had Beenlgfdwing
since October, 1962 in ten-inch clay pots buried at ground
level in the alfalfa management plots (Fig. 4). They were
harvested at the 50 per cent Pud stage and 25 per cent bloom
stage with the one-inch stubble height cutting during the
1963 season. Vegetative cuttings from clones MAR 5 and
MAR 45 (clones from African variety which survi#ed two
years. in plots known to be infested with cotton root rot

(Phymatotrichum omnivorum) organisms at the University of

Arizona Branch Experimental Station at Mesa, Arizona) were



Figure 4.

Alfalfa plant, which was later used in the field
and greenhouse study, growing in clay pot in an

alfalfa management plot at the Campbell Avenue
.Farm, Tucson, Axizona.

Photo taken April 19,
1963. _ . -
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rooted in perlite in the greenhoﬁse on February 11, 1964
and were transplanted into six-inch plastic pots on March
9, 1964, Mbapa alfalfa was seeded in six-inch plastic
pots on February 22, 1964 and after emergence was thinned
to one plant per pot.

On March 9, 1964, alfalfa plants, seedlings, and
clones were inoculated with the proper ﬁitrogen-fixihg
bacteria by sprinkling the inoculum on top of the soil
in the pots and watering it in.

On April 21, 1964, one half of the total number of
each group of plants (one-year-old, clones and seedlings)
was placed at the Campbell Avenue Farm under field condi-
tions with minimum air ﬁemperature between 8 and 22 C and
maximum air temperature between 26 and 39 C. The reméining
plants were kept in the greenhouse with a minimum tempera-
ture of 20 C and a maximum temperature between 28 and 33 C.
All plants weré uniformly clipped to a_stubble height of
one incﬁ on this date and were also fertilized by applying
an equivalent of 50 pounds N (ammonium sulfate) apd 45
pounds P in the form of treble super phosphate per acre

.in the pots and watering it in.
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Plants were dug at intervals of one week and washed
thoroughly in tap water; stems.were cut off one and one-half
inches above the crown; roots were cut off six inches below
the crown, then thé crown and root were separated at the
junction. Data were obtained on the number of crown.buds,
number of stems, leaf weight, stem weight, stem length,
‘root weight, crown diameter, crown weight, and percentage
acid-hydrolyzable carBohydrates in the roots. On all re-
maining plants the forége was removed when 25 per cent of
the stems had flowefs with the exception of the one-year-
old plants thét had been growing under the 56~per cent bud
management and they were harvested when 50 per cent of the
stems had one or more buds.

Laboratory—Analyses
of Acid-Hydrolyzable Carbohydrates

The Weinmann method as described and used by
Feltner (22) was used to determinelpercentage of total
acid-hydrolyzable carbohydrates in the roots of alfalfa

plants (Appendix A).

Statistical Analyses
The data were processed by the University of

Arizona Numerical Analyses Laboratory using I.B.M. 7072
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equipment which was programmed for analysis of variance ofl
all plant characteristics and correlation analysis of all

plant characteristics listed in this study.



RESULTS AND DISCUSSION

This section is divided into two pérts: Alfalfa
Management in Field Plots and Field and Greenhouse Tem-

perature Study.

Alfalfa Management in Field Plots

Data were recorded on air temperatures in the field
plots during 1963 and 1964. Additional data were taken
during 1964 on temperatures at various soil depths and‘
‘heights in the sward of alfalfa plants. The dry wéight of
forage from Moapa alfalfa plants harvested under four Ean-
agement regimes was also recorded.

Additional data, from a two-square-foot area, were
obtained for each harvest and two weeks following harveét
on plant height, number of plants, number of stems, number
of crown buds, crown diameter, crown weight, root weight,
stem weight, leaf weight, relationship of leaf area to leaf
weight, leaf area index, and per cent acid-hydrolyzable.
carbohydrates. Corrélatipn coefficients for these plant

characteristics are listed in Appendix B, Tables A through

43
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D and are referred to as each characteristic is discussed

in the text.

Tempexrature

A hygrothermograph, placed one foot above the soil -
level between the plots in an area f:ee of vegetation,
 recorded the air temperature during 1963 and 1964. During
1964, from May through September, additional temperatures
at a height of three feet were recorded.

Temperatures were measured and recorded during 1964
from May through September at the soil surface, one and'l
six inches below the surface and six and tweive inches
above the soil surface in one replication qf eech plot eut
at the 50 per cent bud and 25 per cent bloom stages of
growth and at a one~inch stubble height. Temperatures
were recorded daily from 5 to 6 A.M., 12 to 1 P.M., 4 to 5
P.M. and 9 to 10 P.M. The readings taken at 12 to 1 P.M.
and 4 to 5 P.M. were similar and showed less than 0.5 C
difference unless the forage was harvested or the plots
irrigated following the 12 to 1 P.M. recording and prior
to the 4 to 5 P.M. recording. Therefore, the 12 to 1 P.M.

temperatures are not presented in this text.
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The average maximum ane minimum air temperatures
on a semi-monthly basis for 1963 and 1964 are piotted in
Fig. 5. During 1964, the tehperature exceeded 37.7»Q a
total of 79 days and the highesﬁ recorded temperature was
43.3 C on July 25 with a high average (semi-monthly) of |
40 C. During 1964, the temperature exceeded 37.7 C a
total of 54 days, with a high average. (semi-monthly) of
39.1 C and the highest recorded temperature was 41.2 C
on July 5. The high minimum temperatures recorded were
27.2 C on July 26, 1963 and 24.5 C on July 8, 1964 with a
high average (semi-monthly) of 23.7 and 23.0 C respec-~
tively; The minimum temperatures exceeded 20 C a total of
57 days in 1963 and 67 deye in 1964.

Average maximum and minimum air temperatures re-
corded at the three-foot level for May through Sepﬁember
in 1964 are shown in Fig. 6. The air temperatures at this
height coincide closely with those of the hygrothermograph
placed at the one-foot height in a similar area for the
corresponding period.

Figures 7 through 11 show the average temperatures
(semi-weekly) recorded at various levels in the sward and

soil in those plots where plants were cut at the 50 per
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cent bud stage of growth at a oné-inch stubble height.
Following a forage harvest, temperatures fluctuated least
at 5 to 6 A.M. and the most at 4 to 5 P.M. There was a
sharp increase in temperafure, and in general the temper-
ature increased during the day and early evening but
declined slightly around 5 to 6 A.M. These data indicated
that the foliage served as insulation in maintaining more
uniformjtemperatures‘in the sward and in the soil.

Irrigation loweréd temperatures of the soil sur-
face, at one inch below the soil surf;ce and at six inches
below the soil surface from 3 to 6, 1 to 4 and 1 to 2 C
respectively. Temperature at twelve inches above the soil
surface was lowered 1 fo 2 C depending on the amoupt of
top growth.

The maximum temperature at the soii surface (Fig.
7) was 43.2 C with an average (semi-weekly) of 41.8 C
following the forage harvest on July 16 and an average |
(semi-weekly) of 4l.1 C for the harvest on Auguét 4. The
temperature at the soil surface (Fig. 7) and at a depth
of one inch in the soil (Fig. 8) dropped approximately
10 C within 10 days aftef forage harvest as new growth was

initiated and developed. The change in temperature at a
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depth of six inches in the soil (Fig. 9) was less than at
the soil surface and at the one-inch depth and the change
- occurred one to.two &a&s later. Air temperatures at a
height of six inches (Fig. 10) decreased 8 C in two weeks
and at twelve inches (Fig. 1l) decreased 7 C in 17 days.
These data show.that regrowth of the alfalfa plants influ-
enced the surrounding air temperature. This pattern of
temperaturé'change was evident following each harvest, and .
the time interval from harvest untii temperature changed
at various heights was observed to be closely related to
rate of regrowth. |

The average minimum temperature at 5 to 6 A.M.
exceeded 20 C at all locations for a period of about ten
weeks (Junelé6 to September 1). This time interval cor-
responds with the “"'summer slump' noted in the growth of
alfalfa. | |

Figures 12 through 16 show the average temperatures
(semi-weekly) recorded at the various soil depths and éir
'heights in plots of alfalfa plants harvestéd at the 25 per
cent bloom stage and one~inch stubble height. 1In géneral,
the same trend in temperatures existed in these plots as

in those cut at the 50 per cent bud stage of growth;
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-Hoﬁgver, there were fewer harvests and the interval of
time between ﬁarvests was longer in these plots, there-
fore, temperatures wére lower for a longer period of time.
The average maximum temperatures frdm June 26 to
September 1 at the soil surface in plots harvested at the
50 per cent bud stage of growth were approximately 2 C
higher (Fig. 7) each day than in the plots harvested at
the 25 per cent bloom stage of growth (Fig. 12). The
average minimum temperatures at the soil surface averaged
about 1 C higher each day in plots where plants were cut
at the 50 per cent bud stage of growth than at the 25 per
cent bloom stage of growth. This increased temperatﬁre
may have been influential on the growth, production and.
survival of alfalfa plants which were harvested more fre-

quently.

Forage Yields
Forage yields dufing 1963 and 1964 are shqwn in
Table 1 as total annual yields for each treatmeﬁt, total
yields for two years, and total yields each year for all
treatments. Table 2 gives the summary of the analysis of

variance for forage yields.
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Table 1. Average yields of oven-dry forage in pounds
per plot (150 sq. £t.) when harvested at two

stages of growth and two clipping heights in
1963 and 1964.

Harvest management 1963 1964 Total
25 Per cent bloomi | _

one-inch stubble 74.84 a 1/ 73.22 a 148.06 a
25 Per cent bloom; _

four-inch stubble 72.07 a 71.92 a 143.99 a
50 Per cent bud;

four-inch stubble 66.64 b 2/ 52.31 b 118.95 b
50 Per cent bud;

one-inch stubble 63.94. b 47,61 b 111.55 ¢

Total 277.49 245,06

1/ Mean values of forage yields within a year and total
of both years followed by the same letter are not
significantly different at the .01l level of signifi-
cance based on Duncan's Multiple Range Test (20).

2/ Mean values of forage yields within a cutting treatment
between years that are underlined are significantly dif-
ferent from one another at the .0l level of significance.
Also, total values between years are significantly dif-
ferent when measured over all treatments.
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Table 2., Summary of analysis of variance-for alfalfa

yields of oven-dry forage harvested in 1963
and ‘1964, ’

Source d.

£. S.S. m.S. F
Replication 3 8.01 2.67
Treatment 3 1554.92 618.31 150. 44%%
Error a 9 37.01 4.11 |
Years 1 476.01 476.01 127.62%%
Years x Treatment 3 478.46 159.48. 42.76**
Error b 12 44,72 3.73
Total - 31 2899.13

**Significant at the .0l level
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The data showed that stage of growth at harvest had
a greater influence on forage production than stubble
height. Alfalfa plants harvested at the 25 per cent bloom
stage of growth yielded more total forage each year than
plants harvested at the 50 per cent bud stage even though
there were more harvests with the latter system of manage-
ment. Forage yields between years were not significantly
different when harvested at the 25 per cent bloom stage of
growth, but were significantly different when plants were
cut at the 50 per cent bud stage. The decline in forage
production when plants were harvested at the 50 per cent
bud stage was quite noticeable especially when the plants
were harveéted at the one-inch stubble height. Total yields
between years were significantly different when measured
over all treatments; however, this was due to differences
between plants harvested at the 50 per cent bud étage.

There were no significant«differences in forage
yields for plants cut at different stubble heights when
harvested at the 25 per cent bloom stage or within years
when harvested at the 50 per cent bud stage (Table 1). How-
ever, there was a significantldifference in forage yields

for the total of the two years when alfalfa plants were
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harvested at the 50 per cent bud stage.. These data indi-
cated that ylelds declined less when plants were harvested
frequently at a four-inch stubble height than at a one-inch
stubble height.

Yields of forage at each harvest (Fig. 17) show
that the general trend in production was about the same
for each year. There was a decline in forage produced at
eaéh successive harvest reaching the lowest level about
September and then increasing slightly. The increase was
greater for plants harvested at the 25 per cent bloom
stage of growth than when cut at the 50 per cent bud stage.

Cumulative forage yields for each management treat-
ment are illustrated in Fig. 18. It is interesting to note
that the total forage produced from plants harvested at the
25 per cent bloom stage of growth and at a stubble heiéht
of one-inch was nearly the same as the yields of plants cut
at the 50 per cent bud ézage and % four-inch stubble height
in 1963. This difference in total yield between the two
treatﬁents occurred primarily in the last harvest where
plants harvested at the 25 per cent bloom stage primaril&
ﬁad an additional ten-aay growth period. The greatest

differences in forage yields in 1953 occurred between
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plants harvested at the 25 per cent bloom stage of growth
at a one-inch stubble height and plants cut at the 50 per
cent bud stage at a one~-inch stubble height.

In 1964, the cumulative forage yields (Fig. 18)
were similar for all treatments until July, then plants cut
at the 50 per cent bud stage yielded less at each successive
harvest than those plants harvested at the 25 per cent bloom
stagé. Plants harvested at the 50 per cent bud stage and
four-inch stubble height showed a slight increase in yield
of forage over the one-inch stubble height, but this dif-
ference was not significant (Table 1). There was no appre-'
ciable difference in yield of forage from plants cut at the
25 per cent bloom stage of growth regardless of stubble
height. Yields of forage from plants harvested more fre-
quently showed a gradual decline indicéting that the vigor
of the plants was affected or there was stand dépletion or

both.

Plant Height

There were highly significant correlations between
plant height and total forage, leaf weight, stem weight,

and leaf area index for all treatments (Appendix B, Tables
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A through D). There was also a highly significant corre-
lation between plant heighf and acid-hydrolyzable cérbo-
hydrates during 1964 when alfalfa plants were harvested
at the 25 per cent bloom stage (Appendix B, Tables C and
D). These data indicated that plant height might be a
good criterion in estimating time to harvest alfalfa planﬁs
based on both forage production (total forage, leaf weight,
stem weight and leaf area index related to forage produc-
- tion) and reserve carbohydrates in the roots (acid-hydrd-
lyzable carbohydrates). The lack of correlation between
plant height and acid-hydrolyzable carbohydrates for plants
harvested at the 50 per cent bud stage indicated that plants
were harvested too frequently for reserve carbohydrates to
attain a stable relationship with plant height.

Arsummary of analyses of variance for several char-
acteristics of alfalfa plaﬁts grown in the field under dif-
ferent management regimes in 1963 and 1964 is liste& in
Table 3. The anal&sis of vatiance for plant height shows
| significant'differences at the .0l level of significance
for 'all ﬁain factors and for most of the first order inter-

actions.



Table 3. Summary of analyses of variance for several characteristicsof
management regimes in 1963 and 1964.

Plant Number  Number  Crown Crown
Source df height plants stems diameter weight
Total 95
Rep. . 1 0.26 12.04 0.01 0.18 0.61
Stubble 1 94,01 %% 117.04 0.08 1.26 49 . 49%%
Harvest Stage 1 219.01%* 5.04 0.72 7.68%  3542,33%% ¢
SH 1 3.76. 0.37 0.01 0.53 0.66
Error a 3 0.76 42,60 . 0.11 0.25 14.36
Cutting 1 1418, 34%% 5.04 0.24 3.78 9.02
Growth Period 2 185.15%% 1018,79%% 2,00%% 5,01% 108.00%*
CG 2 4. 34% £0.67 0.53 4,72% 43.10
Cs 1 0.84 18.37 0.24 2,31 23.69
CH 1 290,51%% 30.37 0.06 0.01 28.02 .
GS 2 3.40 28.29 0.08 1.13 0.99
GH "2 14,82%% 110.04 1.59%% 9.89%% 616.57%*
CGS 2 0.59 71.38 0.09 0.05- 3.36
CGH 2 1.89 14.63 0.08 1.21 27.66
CSH 1 0.01 3.38 0.24 0.01 6.37
GSH -2 0.45 2.63 0.39 0.23 11.23
CGSH 2 0.13 6.00 0.18 0.23 6.02
Error b 20 0.56 43.58 0.15 1.15 12.04
Year 1 61.76%% 9720,38%% 5,94%% 31,03%% 9l41.41%%* |
SY 1 12.76%% 145.04% 1.05%% 1.55 72.33%%
HY 1 5.51%" 145.04%  0.90% 3.98%  2145.62%%
CcY 1 46.76%% 3.37 0.13 2,89 52,26%%
GY 2 41.89%%  514,50%% 2,76%% 18,98%% 74.66%%
SHY 1 3.01 57.04 0.78% 4.,20% 80.95%%
CSY 1 2.34 7.04 0.27 0.61. 5.26
CHY 1 -19.26%% 0.04 0.04 0.15 - . 42,52%%
CGY 2 27.70%% 49.88 1.77%% 5.68%% 115.44%%
GSY 2 7.51% 6.29 0.24 1.02 1.79
GHY 2 3.39 19.04 0.68%% 4 ,97%% 324 46%%
CSHY 1 0.51 3.38 0.01 0.60 - 17.40
CGSY 2 0.03 53.79 0.21 1.68 33.02%%
CGHY 2 28.32%% 17.54 0.07 0.49 15.56
GSHY 2 2.26 16.17 0.17 2.10 39.07%%
CGSHY 2 0.32 5.37 0.1l1 0.38 10.51
Exrror ¢ 24 1.16 31.35° 0.12 0.69 5.35 ..

* Significant at the .05 level
** Significant at the .01 level



teristicsof alfalfa plants grown

in the field under different

Crown Root Stem Leaf Leaf area Per cent
weight weight weight welght index A=-HC
0.61 1.30 1.40 0.31 0.84 0.74
49 . L 9%% 70.90%* 59.88%% 37.00% 114.84% 229.80%*
3542 .33%% 4566.97%% 1728,.22%% 1045.44%% 3139,59%% 627 .86%%
0.66 10.37 0.04 0.83 2.34 . 48.98%%
14.36 12.87 0.79 . 2.32 5.95 0.29
9.02 99.43% 2293.41%% 1572.86%% 4662.09%% 791.26%%
108.00%* 140.73%% 2474,69%% 1435.57%% 4265.84%% | 259,49%%
43.10 1.08 184.75%% 161. 34%% 496 ,97%% 0.70 -
23.69 10.19 0.60 0.04 0.01 7 .19%%
28.02 . 0.67 510.33%* 322.16%% 943, 76%% 17.61%%
0.99 13.43 1.11 2.52 ' 9.78 5.28%%
616.57%% 569.71%% 11.25%* 30.88%* 92.28%*% 13.36%%
3.36 7.74 3.83 0.31 2.32 - 4, 87%%
27.66 3.20 137.91%% 33.14%% 91.70%% 7.29%%
6.37 9.70 7.73 0.24 0.51 0.74
11.23 19.21 0.23 1.98 5.47 8.12
6.02 14.55 2.76 0.14 0.63 1.62
12.04 14.83 1.91 1.27 3.93 0.69
9141 .41%% ©6428.17%% 261.23%%  262.68%% 776 . 34%% 548 .50%%
72.33%% = 44 ,85%% 30.94%% 20.28%% 61.76%% 42 44%%
2145.62%% 888.04%% 137 .47%% 95.76%% 290,.51%% 2.01
52 .26%% 187.32%% 48.48%% 22 .57%% 68.34%% 7.79%%
74 . 66%% - 59.45%% 35.64%% 99.70%% 291.03%% 39.24%%
80.95%% 36.90 26.10%% 25.01%% 75.26%% 0.94
5.26 0.13 3.99 0.43 1.26 0.05
42 .52 %% 227 .80Q%% 0.52 7.31% 25.01% 10.04%%
115, 44%% 45.92% 18.,19%%* 104.54%% 319.16%% 5.74%%
1.79 3.31 3.15 - 2.82 10.64 7 .81%%
324 . L46%* 255.41%% 123.22%% 205.29%% 612.51%% 17.18%%*
- 17.40 0.38 2.31 0.89 1.76 2.85
33.02%% 5.14 2.20 0.04 0.51 2.34%
15.56 74 ,88%% 59.94%% 119.44%% 372.26%% 12.49%%
39,07%% - 9.34 0.25 0.41 1.45 b . 43%%
10.51 3.23 4.83% 2.10 4.95 0.84
5.35 9.51 1.08 1.50 4.55 0.48
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Data in Table &4 show the average height of alfalfa
plants at harvest, twq weeks after harvest? and at the. sub-
sequent harvest for three growth periods under four manage-
ment regimes in 1963 and 1964. In general, plant height was
greétest in Growth Period One, lowest in Growth Period Two
aﬁd then increased again in Growth Period Three. The differ-
ence in plant height was quite pronounced in 1963 for Growth
Period Two, whereas in 1964 the plants harvested at the 50
per cent bud stage showed little change'ih height for Growth
Period Two and oniy a slight decline when harvested at 25
per cent bloom. This may account for the lack of correla-
tion between plant height and acid-hydrolyzable carbohy-
drates for all treatments in 1963 and for plants cut at
the 50 per cent bud in 1964,

Figure 19 shows the average height of alfalfa plantsn
at harvest and two weeks after harvest when éut at the 50
per cent bud stage of growth and at one and at four-inch
stubble heights in 1963 and 1964. Similar data for plants
cut at the 25 per cent blooﬁ stage are shown in Fig. 20.
| The decline in plant height started in late June
and contiﬁued through July in 1963 whereas in 1964 the de-

: cline occurred about one month later.‘ This coincides with



Table 4. Average height, in inches, of alfalfa plants at harvest, two weeks after
harvest, and at the subsequent harvest for three growth periods in 1963

and 1964,
1963 1964
Growth Pefiodl/ Growth Period

Treatment and harvest 1 2 3 1 2 3
50% bud; 1" stubble :

Harvest 7 24,2 14.6 17.2 20.2 19.7 18.6 .

2 Weeks after harvest 13.5 11.3 14.1 16.6 14.1 10.2

Subsequent harvest 19.2 '16.2 19.3 23.1 18.9 19.2
507 bud; 4" stubble
. Harvest 24,2 16.8 20.2 22.0 21.4 20.7

2 Weeks after harvest 14.5 13.0 17.6 19.8 15.9 11.1

Subsequent harvest 20.1 18.7 23,2 24,7 21.7 20,8
25% bloom; 1" stubble

Harvest 29.2 18.3 23.3 29,8 26.0 27.8

2 Weeks after harvest  13.1 12.1 14,2 21.4 12.0 14.0

Subsequent harvest 18.8 22.8 29.2 32.9 29.0 29.0
25% bloom; 4" stubble ,

Harvest 29.1 21.8 26.4 31.0 26.3 27.2

2 Weeks after harvest 13.9 13.9 16.9 22.8 12.3 13.5

Subsequent harvest 20,0 27.5 29.8 33.0 28.2 28.1

1/ Growth Period
1 - April 1 to July 15
2 - July 16 to September 15
3 - September 16 -~ November 30

1L
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Figure 19. Average helght of alfalfa plants at harvest and two weeks after harvest
when cut at the 50 per cent bud stage of growth and at one-and four-
inch stubble heights in 1963 and 1964.
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Figure 20. Average height of alfalfa plants at harvest and two weeks after harvest
when cut at the 25 per cent bloom stage of growth and at one-and four-
inch stubble heights in 1963 and 1964.
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the high night temperature period each year (Fig. 5) indi-
cating a close relationship between high night temperatures
and decline in plant height. Information in Fig. 19 shows
that plant height never increased following Growth Period
Two when cut at the 50 per cent bud stage during 1964.
Plants cut at the 25 per cent bloom stag; (Fig. 20) in-
creased in height slightly in 1964 after Growth Period Two
but not as markedly as in 1963.

The decline of plant height during the summer
months follows the pattern of forage éroduction during

the ''summer slump'' period.

Number of Plants
Data in Fig. 21 show that the plant population

decreased with each harvest in all treatments throughout

the experiment. Original plant counts wére made inside a

~ wooden frame, and data on plant numbers were taken frbm
plants dug from an area usinglthe outside of the wooden
frame as a guide. Also, the original plant counts were made
in December 1962 and the plants were relatively small and
numerous, an error in counting or placing of thé quadrat

is probably the reason why the number of plants at the



»—4 25 Per cent bloom; four-inch stubble
+--— 25 Per cent bloom; one-inch stubble

110 | .. S0 Per cent bud; four-inch stubble
e._- 50 Per cent bud; one-inch stubble

JOO

ﬁ .

3901

0

£ 80;

[ ]

B |

t‘g A

50 -.

o;-: 1 ~—

o 501

e

o b

8 j

03

H

pa 20

1 _
| o ' 1963 | 1964 |
Montff 51 5] 6] 71 8] 9] 0] 11 121 & ][5 16 17 18 19 TI01II[1Z]
[ 2 ] 3 ] 1 [ 2 7 3

Growth Period 1

Figure 21. Number of plants remaining at the time of each harvest shown as
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first two harvests was greater than at the time of the
original counting.

The reduction in piant population ﬁas greater when
the plants were harvested at the 50 per cent bud stage of
growth than when harvested at the 25 per cent bloom stage.
Plant population declined the greatest during mid-season
and in the secaﬁdayear for plants harvested at the 25 per
cent bloom stage. Plant numbers had decreased to 57 and
75 per cent of the original count for those harvested at
the 50 per cent bud stage and 25 per cent bloom stage
respectively at the end of the 1963 season. At the end of
the 1964 season, number of plants remaining was 20 and 40
per cent of the original count for plants harvested at the
50 per cent bud stage of growth and 25 per cent bloom stage
réspectively.

An analysis -of variance of the numBer of plants
(Table 3) showed that growth period, years and theif inter-
action was significant at the .0l level and the stubble
height by years and the harvest stage by years were signif-
icant at the .05 level. *

Correlation coefficients for alfalfa plants har-

vested at the 50lper cent bud stage (Appendix B, Tables A
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and B) in 1964 showed that all of the plant characteristics
studied except blant height and acid-hydrolyzable carbohy-
drates were correlated with plant numbers. In 1963 only
those plants harvested at the 50 per cent bud stage and one-
inch stubble height showed any degree of correlation between
plant numbers and the severalkpiant characteristics studied.
Those plants harvested at thé 25 per cent bloom stage of
growth (Appendix B, Tables C and D) showed very little cor-
relation between number of plants and the other character-
istics studied.

The correlation data substantiate the analysis of
variance data and illustrate that the significant differ-

ences noted were mainly due to the differences in 1964.

Number of Stems and Crown Buds
All stéﬁ'tissue exceeding one inch in length was
counted as stems whereas live stem tissue less than one
inch in length was considered crown buds.
An analysis of variance (Table 3) of number of
stems showed that growth period, years and certain of the
first and second order interactions are significant at the

.0l level. Data in Fig. 22 illustrate the difference in
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Average number of stems per plant when harvested under four
management regimes in 1963 and 1964.

Figure 22.
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number of stems per plant for each harvest and differences
between years.

| There'were no significant differences in humbers of
stems per plant because of stage of hafvest or stubble

height when harvested. The differences noted were between

72

growth periods and between years. It can be seen that num-

ber of stems per plant increased during Growth Period Three

in 1963 (Fig. 22) and that the average number of stems per

plant in 1964 was nearly double the number per plant in 1963.

However, the number of plants per square foot in 1964 (Fig.
21) was less than one-half the number of plants per square
foot in 1963.

It was noted that a general decline in number of
' stems per plant occurred in August and September 'and when
alfalfa plants were harvested at the bud stage stem numbers
failed to increase in Growth Period Three in 1964 following
the same pattern as with plant height (Fig. 20).

In general, correlation coefficients (Appendix B,
Tables A through D) for number of stems per plant showed a
higher degree of correlation in 1964 with other plant
characteristics studied for alfalfa plants harvested at the

' 50 per cent bud stage than in 1963, whereas, the reverse
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was noted for plants harvested at the 25 per cent bloom
stage.

Data on crown buds weré taken oﬁly during 1994, and
the average number qf'crown buds per plant at harvest under
the four management regimes is shown in Fig. 23. The de-
cline in number of crown buds occurred in July whereas the
number of stems per plant (Fig. 22) decreased in August
and September. However, there was a lack of correlation
between number of crown buds and number of stems when plants
were harvested at the 25 per cent bloom stage (Appendix B,
Tables C and D). The correlations used involved data at
the same harvest, and since the data in Fig. 23 indicate
that the decline in numbers of crown buds preceded the
decrease in number of stems per plant by one harvest then
" the influence of crown buds on subsequent stems is a‘valid
assumption. These data indicate thé close relationship of
crown buds and number of stems especially when plants afe
harvested frequently.

There was a significant correlation between number of
crown buds and all other plant characteristics studiéd when
plants were harvested at the 50 per cent bud stage (Appendix

- B, Tables A and B) and between number of crown buds and per
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Figure 23. Average number’ of crown buds per plant when harvested under four

management regimes in 1964.
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cent acid-hydrolyzable carbohydrates when plants were har-
vested at the 25 per cent bloom stage (Appendix B, Tableé
C and D). The high correlation noted when plants were har-
vested at the 50 per cent bud stage and lack of coréelation
in the 25 per cent bloom stage suggests again the tendency
for closer relationship of plgnt characteristics when

plants are harvested frequently.

Crown Diameter

The analysis of variance (Table 3) for crown diam-
eter shows that year, certain of the first and second order
interactions with year and the growth period by harvest
stage interaction are all significant at the .01 level.

The harvest stage, cutting and growth period are signifi-
cant at the .05 level.

These differences n;téd are illustrated in Fig. 24,
and they show that the crown diameter increased.with each
successive harvest with a slight decline during Growth
Period Two eacﬁ-fear. The differences in stage of harvest
were more pronounced in 1964 than in 1963. Alfalfa plants
harvested at the 25 per cent bloom stagé ﬁad an average
crown diameter of approximately 7 mm larger than those

plants harvested at the 50 per}cent bud stage.
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Figure 24. Average crown diameter of alfalfa plants when harvested under four
management regimes in 1963 and 1964.
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Correlation analysis (Appendix B, Tables A thrbdgh
D) indicated that crown diameter was more closely associ-
ated with number of stems, number of buds, érown weight and
root weight than with the other plant characteristics

studied.

Crown Weight

Average crown weight'in grams per plant of alfaifa
plants at date of harvest under four management regimes for
1963 an& 1964 are shown in Fig. 25. The average crbwn
weight for plants harvested at the 25 per‘cent bloom stage
increased over the two years with a decline at the end of
Growth Period One then an increase during Growth Pefiods
Two and Three of each year. The plants harvested at the 50
per cent bud stage followed the samé pattern as those har-
vested at the 25 per cent bloom stage in 1963 but after the
decline in 1964lthey failed to increase again. This pré-
nounced difference noted in 1964 illustrates the influence
of harﬁest management on crown development of alfalfa
plants.

There was an indication that height of the stubble
remaining after harvest tended to offset some of the delete-

rious effect of frequent harvesting as shown in Fig. 25 for
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plants cut at the 50 per cent bud stage. The analysis of
variance (Table 3) showed that stubble height was highly
significant, and differences noted‘for plants cut at the
50 per cent bud stage accounted for this difference.

Harvest stage, growth period, year and most of

their interactions were also highly significant (Table 3).
The‘continual increase in crown weight and the differences
between the plants harvested at the 50 per cent bud stage
of growth and those cut at the 25 per cent bloom stage in
1964 accounted for these significant differences.

| Crown weight showed a highly significant positive
correlation with most of the other plant characteristics
studied (Appendix B, Tables A and B) in 1964, but there was
very little correlation in 1963 for plants harvested at the
50 per cent bud stagé. When plants were harvestéd_ét the
25 per cent bloom stage of growth there was a pdsitiﬁe
correlation between crown weight .and most of thé other
plant characteristics in 1963 and a negative correlation
for many of these same characteristics in 1964 (Appendix

B, Tables C and D).
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Root Weight

The average root weights in grams per plant of
alfalfa plants at date of harvest under four management
regimes in 1963 and 1964 are shown in Fig. 26. Root
_weights showed the same pattern aslthat noted in the crown
weight and the analyses of variance (Table 3) and correla-
~ tion analysis (Appendix B, Tables A through D) substantiate
this close parallel.

It was interesting to note that root weight was
lower when élfalfa.plants were harvested at the 50 per cent
bud stage than:when harvested'at‘the 25 pefwéent bloom
étage. Aiso the failure for roét weight to increase in
Growth Period Three in 1964 when plants were harvested more
frequently was quite pronounced. Response was nearly iden-
tical to the trend observed in the crown weight data and in

general was typical éf most of the plant characteristics

studied.

Stem Weight

The average weight of alfalfa stems in grams per
 square foot at harvest and two weeks after harvest for

?plants cut at the 50 per cent bud stage of growth is shown
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Figure 26. Average root weight of alfalfa plants when harvested under four
management regimes in 1963 and 1964.
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in Fig. 27, and the average stem weight for plants har-
vested at the 25 per cent bloom stage is shown in Fig. 28.
The general trend was for the stem weight to decline with
each harvest during Growth Periods One and Two then increase
slightly in Growth Period Three.

Alfalfa plants harvested at the 50 per cent bud
stage continued'to.decline in stem weight during Growth
Period Three in 1964 and in all cases the greatest decline
occurred during Growth Period Two each year, while those.
plants harvested at the 25 per cent bloom stage showed a
substantial increase in average stem weight per square foot
in Growth Period Three in 1963 and a slight increase in the
same Growth Period in 1964. |

The analysis of variance (Table 3) showed that
stubble height, harvest stage; cutting, growth period and
year were all significant atlﬁhe .01 level. All the first
order interactions except stubble height were also high;y
significant. Differences caused by stubble height were“not
as pronounced in 1964 as they were in 1963 when alfalfa
plants were harvested at the 25 per cent bloom stages.
Plants harvestéd at the 50 per cent bud stage had‘higher

stem weight per square foot when cut at the.four-inch stubble
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Figure 27. Average stem weight of alfalfa plants at harvest and two weeks after
harvest when cut at the 50 per cent bud stage of growth and at one-
and four-inch stubble heights in 1963 and 1964.
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Figure 28. Average stem weight of alfalfa plants at harvest and two weeks after
: harvest when cut at the 25 per cent bloom stage of growth and at
one- and four-inch stubble heights in 1963 and 1964.
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height than when cut at the one-inch stubble height. This
difference was highér in Growth Periods One and Two than
in Growth Period Three.

Correlation coefficients for stem weight in rela-
tion to several other plant characteristics are listed in
Appendix B, Table A through D. Stem weight was more highly
correlated with other top growth characteristics than those

characteristics pertaining to the root.

Leaf Weight

The average leaf weight of alfalfa plants followed
the same general trend as the AQerage stem weight;‘hdwever,
the analysés of variance (Table 3) showed that stubble
height was significant at the .05 level for leaf weight
and at the .0l level for stem weight. Alfalfa plaﬁts har-
vested at the 50 per cent bud stage showed greater differ-
ence because of stubble height (Fig. 29) than those plants
harvested at the 25 per cent bloom stage (Fig. 30). The
differences noted in the analysis of variance for leaf
welght was ﬁttributed mainly to plants harvested at the
50 per cent bud stage. These data indicate that a four-
inch stubble height management may be beneficial when plants

were harvested freduently.
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Figure 29. Average leaf weight of alfalfa plants at harvest and two weeks

after harvest when cut at the 50 per cent bud stage of growth
and at one-and four-inch stubble heights in 1963 and 1964.
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Figure 30. Average leaf weight of alfalfa plants at harvest and two weeks
after harvest when cut at the 25 per cent bloom stage of growth
and at one-and four-inch stubble heights in 1963 and 1964,
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Correlation of leaf weight with the other plant
characteristics also followed the same pattern as the
stem weight correlations (Appendix B, Tables A th:ough D).

Leaf weight of alfalfa plants represented about 45
per cent and stem weight about 55 per cent of the}total
forage during Growth Period One. During Growth Periods Two
and Three the leaf weight and stem weight were nearly equal
when alfalfa plants were harveéted at the 50 per cent bud
stage (Fig. 27 and 29). When plants were harvested at the
25 per cent bloom stage (Fig. 28 and 30) the leaf weight
was less than the stem weight at all harvests; however,‘the
differencé waa less during Growth Period Three.

It can be noted in Figs. 27 through 30 that the
average weight of 1eaves and stems was greater two weeks
after harvest when plants were harvested at the 25 per
cent bloom stage. This difference was greater tﬁé second
year indicating that the rate of regrowth of alfalfa plants

harvested frequently was influenced by harvest management.

Relationship of Leaf Area to Leaf Weight

The 864 leaf area and 1eaf'weight determinations

representing values from two replications and four samples
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per replication for each sample date are listed in Appendix
C, Tables E through H. Table 5 shows the r, a, and b values
for the relation of leaf ﬁeight to leaf area of alfalfa
plants under the various management regimes and during three
cardinal temperature periods. There was a highly signifi-
cant and positive correlation ( r values = .90 to .98) be-
tween leaf weighﬁ and leaf area of alfalfa plants regardless
of stage of growth at harvest, stubble height or season of
year.

In general, leaf weight per leaf area was higher
~in the spring and decreased during the summer and fall
periods when alfalfa plants were harvested at the 50 per
cent bud stage of growth. When plants were harvested at
the 25 per cent bloom stage, the leaf weight per leaf area
was high in both the spring and fall but low in the summer.
An anaiysis of.variaﬁcefof‘the b values (Table 6) showed no
significant differences because of harvest management or
growth period.

The average leaf size each week from harvest to the :
subséquent harvest for the four managemgnt-regimes and the
three growth periods in 1963 is illustrated in Fig. 31. It

was noted that during the first week after harvest, the



Table 5. Correlation and regression values for area and weight of alfalfa leaves
under different management regimes and three growth periods in 1963.

Growth Period

| 1 2 | 3
Manageﬁept regime rl/ a bg/ rl/ a bZ/ rll bg/
50 per cent bud stage .97 -.0l 50.37 .91 .09 48.55 .95 -.02 43.58
25 per cent bl. stage .93 .23 49.76 .96 .20 45.53 .97 -.08 52.17
1 inch stubble height .96 -.01 51.58 .93 .05 46.48 .93 ~.12 50.48
4 inch stubble height .97 .42 46.65 .9 .29 44,47 .95 -122 51.04
50 per cent bud; 1" ht. .96' -.06 51.82 .98 -,01 43.22 .96 .03 42.60
50 per cent bud; 4" ht. .98 .16 47.78 .96 -.44 G44.48 .96 -.06 44.49
25 per cent bl; 1" hte. .94 .01 51.70 .98 .06 49.42 .9 .01 51.76
25 per cent bl; &' ht. .90 76 4h.61 .96 .27 43,31 .98 .19 52.73

1/ Values for‘r are significant at the .01 level.

2] Values for b are not significantly different at the .05 level.
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Table 6.

periods in 1963.

Summary of analysis of variance for b values for area and weight of
alfalfa plants under di;ferent management regimes and

three growth

d.f. S.S.

Source m,S. F
n.s.

Period 2 586.04 293.02 2.90

, ' n.s
Management 7 | 732,82 104.69 1.04

Error 14 1415. 37 101.10

Total 23 2734,23

n.s. - Not significant at the .05 Tevel
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average leaf size was smaller when plants were cut at the
one-inch stubble height than when cut at the four-inch
stubble height; ﬁowever, théy were-not significanﬁly dif-
ferent.

The average leaf size increased as the ratio of
older leaves to younger leaves increased from date of har-
vest until subsequent harvest during Growth Periods One and
Three. During Growth Period Two the maximum leaf size was
attained at about fou; weeks (Fig. 31) indicating that fewer
new leaves were being produced or the growth of the plants
was slower after the plants reached about one-tenth bloom
stage. This growth périod occurred at the same time as the
"summer slump' of alfalfa plants.
| Data indicated that plants harvested at the 50 per
cent bud stage never had leaves as large as those harvested.
at the 25 per cent bloom stage. The change in ieaf size
apparently did not appreciably influence the leaf area -
leaf weight reiationship as observed in the correlétion
and regression analysis and the analysis of variance of b
values. |

| Based on this study, using the 864 leaf area - leaf

weight observations, it is postulated that one gram of oven
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dry Moapa alfalfa leaves is equivalent to 51.38 square inches
of fresh leaf tissue. Leaf weight can thus be used as an
accurate estimation of leaf area index for Moapa alfalfa
plants when gfown in the arid southwestlunder conditions
similar to those at Tucson, Arizona. Therefore, leaf weight
was used as an estimation of leaf area index in the leaf |

area index sections of this study.

Leaf Area Index

Leaf weight was used to estimate the leaf area index
of alfalfa plants as outlined in the preceding chapter.
Leaf area index and leaf weight were highly correlated with
each other and the relationsﬁip of leaf area index to the
other plant characteristics was the same as leaf weight to
the other plant charactéri;tics studied (Appendix B, Tables
A through D). The analysis of variance for leaf area index
(Table 3) was also identical to the analysis of Qariance for
leaf weight.

The leaf area index of alfalfa plants at harvest for
each management regime is illustrated in Fig. 32 and since
leaf area index is a function of leaf weight it follows the

same pattern as shown in Fig. 29 and Fig. 30 for leaf weight.
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Alfalfa plants harvested at the 25 per cent bloom stage had
a higher 1LAI for the second, sixth and seventh harvest in
1963 and fof all harvests in 1§64 than the plants harveéted
at the 50 per cent bud stage of growth. The differences in
stage of growth at harvest were greater in 1964 than in 1965
and tend to indicate that decline in plant numbers or fre-
quent harvesting of alfalfa plants may be adversely affect-
ing production.

Data were also taken on plants two weeks after har-
vest, and the leaf area indices at this stage of growﬁh are
shown in Fig. 33. The data taken two weeks after harveét
show that stubble height remaining at time of harvest had
substantial influence on forage regrowth within the first
two weeks. However, the influence of cutting height became
less as the regrowth continued. Frequent harvesting showed
én influence on the regrowth during the first two weeks after
harvest. The regrowth was slower and.the total forage at
two weeks waf less on plants cut at the 50 per cent bud stage
than on those cut at 25 per cent bloom. The total number of
plants per square foot was less dﬁring 1964 on the plots har-
vested more.frequently and this couid account for part of

the leaf area index differences noted.
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Leaf area index is a good estimate of total forage
providing the ratio of leaf weight and stem weight is known.
Data in fhis study indicated that the ratio of leaf to stem
weight was about 1:1.25 during Growth Period One, 1l:1 for
Growth Period Two and 1:1.10 for Growth Period Three.

There was a highly positive correlation (Appendix
B, Tables A through D) between leaf area index and forage
characteristics of the alfalfa plants indicating further

the value of LAI as an estimation of total forage.

Aéid-Hydrolyzable Carbohydrates

The percentages of acid-hydrolyzable carbohydrateg
in‘the roots of Moapa alfalfa.plants at harvest when grown
under four management regimes are shown in Fig. 34. The
level of carbohydrates was lowest during Growth Period Two
and highest in the eariy part of Growth Period One. The
level of carbohydrates in the roots of plants harvested at
the 50 per cent bud stage.declined earlier and to a lower
levél than those harvested at the 25 per cent bloom stage.
The level of carbohydrates in the roots of plants harvesﬁed
at 25 per cent bloom and at a one-inch stubble height and

those harvested at the 50 per cent bud stage and at a four



zgrates
W W
=] W Q

A

id-hydrolyzable carboh

Per cent ac
N
wn

20

1963

x—+ 25 Per cent bloom; four-inch stubble
»---t 25 Per cent bloom; one-inch stubble
——- 50 Per cent bud; four-inch stubble
e---+» 50 Per cent bud; one-inch stubble

1964

Month & 151617 131971%111 12

Growth Period 1

“& 15 L¢|7T g1 9 [ 10l 11}
L 1 1 2 1 '3

Figure 34. Percentage of acid-hydrolyzable carbohydrates in the roots of
alfalfa plants when harvested under four management regimes in

1963 and 1964.

12

901



107
‘inch stubble height was nearly the same at harvest on
October 14, 1963. This same pattern was noted for the
cumulative forage yields in 1963 (Fig. 18).

There was a decrease of five per cent in level of
carbohydrates in the roots of alfalfa plants harvested at
the 25 per cent bloom stage from the}beginning of the ex-
periment to the end (Fig. 34) and a decrease of ten per
cent when plants were harvested at the 50 per cent bud
stage. The greatest decline occurred in 1964.

The level of acid-hydrolyzable carbohydrates in the
roots of alfalfa plants two weeks éfter harvest for the dif-
ferent ménagement regimes is shown in Fig. 35. Data inl
Fig. 35 follow the same pattern as those in Fig. 34, but
they also illustrate the influence of stubble'height re-
maining after harvest. Differences in acid-hydrolyzable
carbohydrates because of stubble height were greatest dur-
ing the first two weeks after forage harvest. This same
influence was noted with the plant characteristics dealing
with forage production. These data reflected the close
relationship between forage yields and reserve carbohydrates

in the roots. This relationship is further substantiated
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by correlation coefficients for acid-hydrolyzable carbohy-
drates (Appendix B, Tables A through D).

An énalysis of variance for acid-hydrolyzable car-
bohydrates (Table'B)'show all the main factors, most oflthe
first ordex interactions,‘and several of thé higher order
interactions as being highly significant at the .01 level.
The differences were greater in 1963 than in 1964 as can be

noted in Figs. 34 and 35,

Field and Greenhouse Temperature Study

One-year-old Moapa alfalfa plants harvested at the
50 per cent bud and 25 per cent bloom stages'of growth,
seedling Mbapé alfalfa plants, and a1fa1fa clones MAR 5
and MAR 45 were grown in pots in the field and in the green-
house.from April 21 through September 15, 1964. All seed-
ling and clonal plants were harvested at the 25 per cent
.bloom stage of growth. Daté on plant height, number Sf
stems, numbexr of crown buds, crown diameter, crown wéight,
root weight,~stem weight, leaf weight, leaf area index and
per cent acid-hydrolyzable carbohydrates weré recorded.

Data were obtained from one-year-old plants fortlZ

and 14 weeks for those harvested at the 50 per cent bud
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stage and the 25 per cent bloom stage respectively;'sged-
ling plants for 15 weeks and clones for 21 weeks.

| Air temperatures were recorded with hygrothermo-
graphs located in the field and greénhouse throughout the

experiment.

Temperature

Average weekly maximum and minimum air temperatures
for the field and gieeQLouse are shown in Fig. 36. The
minimum greenhouse temperature was held at a nearly con-
~stant 20 C and the maximum temperatﬁ:e was maintained be-
tweeh.28 and 33 C with an av;rage.temperature of 31 C for
the 2l1l-week period. “

The field temperature reached 31 C during the third
week and exceeded 31 C throughout the remainder of the ex-}
periment. The maximum air temperature was 41 C oﬁ July 5
(Week 11) with an average_air temperature for the week of
39.4 C (Fig. 36). |
| The average minimum air temperature in the field
ranged from 12 to 20 C during the first ten weeks and
above 20 C for the‘remainder of the experiment (Fig. 36).
The high minimum temperature was 24 C on July 8 (Week 12)

with a weekly average of 21.9 C.
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The maximum air temperature (daytime) in the field
exceeded the maximum air temperature in the greenhouse fdr
all but the first two weeks of the experiment and the mini-
mum air temperature (night) in the greenhouse exceeded the
minimum air temperature in the field for the first ten weeks
then was nearly the same for the following eleven weeks.
Plants in the greenhouse were grown under high night and

moderate daytime temperatures.

Plant Height

The height in inches per plant of alfalfa plants
gro%n-in the field and greenhouse is shown in Table 7.

The alfalfa plants in the greenhouée were taller
than plants grown in the field for the first ten weeks of
‘the experiment then the plants in the field were of equal
height. This plént height pattern coincides.with high
nighé temperatures since the last eleven weeks of the ex-
'periment'had night temperatures of nearly equal magnitude.

There was the same number of internddes on plants in the
..field as there was on plants in the greenhouse, but the
iniernodes were longer oﬁ the plants grown under high night
témperaﬁures (greenhouse) thus the differences in plant

height.



Table 7. Height in inches per plant, of potted alfalfa plants grown in the field
and greenhouse from April 21 through September 15, 1964.

Field ' Greenhouse
Date Week - 50 25 S 5 45 ' 50 25 S 5 45
ApriT 21 0 19 23 13 19 19 19 26 12 20 19
28 1 3 3 3 -3 3 5 3 S 5 5
May 5 2 11 10 6 8 9 18 15 9 14 13
12 3 14 14 10 10 11 24 20 17 28 20
19 4 17 17 11 12 13 10 22 18 30 27
26 5 21 18 14 18 16 20 23 20 31 30
June 2 6 11 24 17 22 19 23 8 8 10 10
; 9 7 16 13 11 9 9 6 22 17 24 20
16 8 23 .19 14 18 16 16 27 24 29 27
23 9 13 23 16 22 20 20 5 7 6 6
30 10 17 25 20 25 22 . 5 20 17 20 18
July 7 11 19 10 10 14 11 12 26 25 27 23
- 14 12 8 15 15 18 15 18 5 6 6 5
21 13 | 19 18 21 18 14 - 15 17 14
28 . 14 8 10 11 7 19 18 26 21
Aug. & 15 ‘ 16 18 15 e 4 5 5
11 16 24 21 16 12
18 17 o 28 22 , 25 21
25 18 S 9 7 6 7
Sept. 1 . 19 ‘ 18 17 11 11
. 8 20 : 20 19 20 17
15 21 2 23 22 21
Values underlined are data obtained at harvest. S - Represents seedling plants,
50 - Represents 50 per cent bud stage 5 - Represents clone MAR 5.
25 - Represents 25 per cent bloom stage. . 45 - Represents clone MAR 45,

€11
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Analyses of vafiance for plant height of the five
sources of alfalfa plants are shown in Tables 8 through 11.
There were no significant differences in plant height be-
tween plants in the field and in the greenhouse for the
one-year-old plants (Tables 8 and 9), but there was a highly
significant difference for seedling and clonal plants. Week
and week by environment for the seedling plants were highly -
significant CTgble 10) and week, environment, clone and their
interactions were also highlf significant for clones MAR 5
and MAR 45. Clone MAR 5 was the tallestlof all plants at
all harvest dates.

Correlation coefficients (Appendix D, Tables I
through M) showed a highly positive correlation between
plant height, total forage, stem weight, leaf weight and
‘leaf area index in both the field and greenhouse for all
plants. These data indicate that plant height is useful
in estimating forage production. In the seedling and clonal
plants, there was pbsitive significant correlation between
plant height, crown weight, root weight and per‘cent acid-
hydrolyzable carbohydrates (Appendix D, Tables K, L and M),

but not in the one-year-old plants (Appendix D, Tables I



Table 8. Summary of analyses of variance for several characteristics of one-year-

old alfalfa plants harvested at the 50 per cent bud stage of growth,

grown in the field and greenhouse during 1964.

Plant Number Number Crowm Crown
- Source : _df height of stems of buds diameter welght
Total 25
Week 12 56.54 19.33 11.35 2.13 490,.08*
Environment 1 28.04 291.12%% 258.62%% 21,24%% 1307.82*
Error 12 58.12 27.45 13.45 1.67 171.80
Root Stem Leaf Leaf area Per i?nt
weight weight weight index A-HC=
Total 25 ,
Week 12 127,28 426,84 307.49 126.24 3004.69%*
Environment 1 486,78% 1286.63% 1566,28% - 640.04% 4514 ,.40%
Exrror 12 80.99 231.87 185.98 75.95 625.63

* Significant at the .05 level
%% Significant at the .01 level

1/ Acid-hydrolyzable carbohydrates

S11



Table 9. Summary of analyses of variance for several characteristics of one-year-
old alfalfa plants harvested at the 25 per cent bloom stage of growth,

grown in the field and greenhouse during 1964.

o Plant Number Number Crown Crown
Source df height of stems of buds diameter weight
Total - 29 -

Week ' 14 59.18 17.20 17.60 2.68 95.80
Environment 1 7.50 252, 30%% 340,03%* 0.01 161.01
Error 14 47.64 13.37 12.75 5.05 136.69
Root - Stem Leaf Leaf area Per cent
weight weight weight index A-HC
Total' 29
Week 14 280.79 575.54 389.88 154,42 -~ 1153.17
Environment 1 407.01 2130.26% 2010.64%% 780, 30%* 3315.80
Error 14 196.89 273.72 211,25 84.94 785.43

* Significant at the .05 level
*% Significant at the .01 level

911



Table 10, Summary of analyses of variance for several characteristics for alfalfa

seedling'plants grown in the field and greenhouse during 1964.

Plant Number Number - Crown Crown
- Source df height of stems of buds diameter welght
Total 63 '
Week : 15 65.09%% 16.39%% 12,58%% 3,14%% 20.43%%
Environment 1 19, 14%% 172,26%% 203.06%* 11.22%% 152,83%*
WX E 15 60.15%% 18.43%* 12.30%* 0.62%* 10, 42%%
Error 32 1.08 : 1.61 0.75 - 0.12 1.04
Root Stem Leaf Leaf area Per cent
weight weight weight index A-HC
Total : 63 ,
Week 15 30.09%*% 55,64%% 58.04%% 50.96%% 8203,71%%*
Environment 1 286,03%* 570.61%% 777.71%% 669,52%*% 83.10
WxE 15 14,53%% 74.77%% 57.85%=* 52.75%% 7444 ,73%%
Error 32 1.82 6.08 4.48 3.89 125.51

* Significant at the .05 level
** Significant at the .0l level

LT1



Error

11.84

Table 11. Summary of analyses of variance for several characteristics of alfalfa
‘ clones MAR 5 and MAR 45 grown in the field and greenhouse in 1964.
Plant Number Number Crown Crown
- Source df height of stems of buds diameter weight
Total 175 .
Week 21 218,59%% - 50.65%* 63.83%* 11.65%* 171.30%*
Environment 1 40,09%%  2205.28*%%  1750,14%% 125.30%%  1971.14%*
Clone 1 138.27#%% = 18.46 4,14 0.65 42,02%%
WxXxE 21 183,97%%* 37.79%% 25.76%* 2.84%% 59.21%%
WxC 21 . 5.22 10.19 4,67 0.26 4,39%%
ExC 1 1.84 0.05 11.51 1.62%% 11, 30%*
WxExC 21 7.44%% 8.90 4.05 0.17 6.53%%
Error 88 1.65 6.30 4,04 0.21 1.55
Root Stem Leaf Leaf area Per cent
weight weight = weight . index A-HC
‘Total 175
‘Week 21 90.52%% 555.75%% 371.26%% 323,90 13786.71%%*
Environment 1 2921.77*%% 20967.27%% 17654.04%%  343,84%% 72788.00%*
Clone 1 61,81%* 566.64%% 539.35%% 252 .,09%% 23.80
WxE 21 41,31%% 850,50%* 491,19%* 23.24%%  11506.00%%*
WxC 21 6.33%% 51,99%% 21.85% 19.90% 1845,50%*
ExC 1 142, 74%* 503,22%* 361.68%% 16151.11*% 2928.60%*
WxExC 21 5.73%%* 55.16%% 24.,74%% 450.52%%  1224,10%%*
88 2.12 18.56 10.62

31.97

* Significant at the .05 level
*% Significant at the .0l level

811
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and J), indicating a closer relationship of the plant

characteristics in younger plants than in older plants;

Number of Stems and Crown Buds

The number of stems per plant for one-year-old
plants, seedlings and clonal material grown in the field
and greenhouse is shown in Table 12, The number of stems
per plant was greater for all plants grown in the field
than for those grown in the greenhouse. The analyses of
variance,CTableé 8 through 11) show these differences to be
significant at the .0l level. For the seedling plants and
two clones there were highly significant differences be-
tween environments (field and greenhouse) and weekly
samples. |

The number of stems per plant for the one-yéar-did
plants in the greenhouse increased fpr about five weeks
then started to decline whereas those plants in the field
increased rapidly in the first twd weeks then did not cﬁange
appreciably thereafter. The seedlings and clonal plants in
the greenhouse never inc:eased'in the number of étems per
plant while the plants in the field continued to increase

thfoughout the study.



Table 12. Number of stems per plant of potted alfalfa plants grown in the field
and greenhouse from April 21 through September 15, 1964.

Field Greenhouse
Date Wee 50 25 S 5 45 50 25 S 5 45
Bprit2zl 0 11 12 3 5 5 12 1 2 3 &
- 28 1 8 9 4 5 6 8 9 4 5 6
May 5 2 22 18 3 4 4 5 6 4 4 3
12 3 24 21 3 5 7 9 15 5 4 3
19 4 20 16 3 10 6 10 17 5 3 3
26 5 15 19 5 9 11 10 14 ] 3 _&4
June 2 6 15 19 5 11 13 22 10 6 4 5
9 7 20 14 7 10 11 5 11 6 4 5
16 8 22 19 6 11 9 7 10 4 ] S
23 9 12 19 7 11 12 10 10 3 5 5
30 10 17 20 2 9 10 6 11 4 3 6
July 7 11 16 20 10 14 11 10 12 3 4 _6
14 12 10 21 12 12 16 10 8 5 6 5
21 13 20 17 14 16 10 3 6 6
. 28 14 14 9 14 16 9 _4 4 4
Aug. & 15 15 17 4 6 6
11 16 11 10 4 4
18 17 . W12 5 &
25 18 17 13 4 5
Sept. 1 19 18 15 4 4
- 8 20 17 18 6 5
15 21 20 19 5 6
Values underlined are data obtained at harvest. S - Represents seedling plants.
50 - Represents 50 per cent bud stage 5 - Represents clone MAR 5.
25 - Represents 25 per cent bloom stage. 45 - Represents clone MAR 45,

0¢1



121

Data in Table 13 show the number of crown buds per
plant each week throughout the experiment. The trend in num-
ber of crown buds was the same as for the number of stems per
plant, and the analyses of variance (Tables 8 through 11)
show the same level of significance as found in the analysis
of variance for the number of stems per plant. The number
of crown buds initiated when seedling plants and clonal mate-
rial wére grown,under‘high‘night'temperatu:es was substan-
tially lower than for the same material grown in the field.
It was noted that the number of crown buds (Table 13) in-
creased only slightly in the'greenhouée as the plants be-
came older whereas those plants in the Eigld initiated ai_
larger number of crown buds throughout the study.

The data indicated that high night temperatures had
a deleteriouskeffect on the initiation of crown buds and

subsequent numbers of stems of alfalfa plants.

Crown Diameter

The crown diameters of alfalfa plants in the field
and greenhouse temperature study are shown in Tableﬁlh for
each‘week throughoutvthe study. The‘general trend of crown
diamgter followed a similar pattern observed in several of

. the plant characteristics studied.



Table 13. Number of crown buds per plant of alfalfa plants grown in the field and
greenhouse from April 21 through September 15, 1964.

|

Field Greenhouse

-Date Week 50 25 S 5 45 50 25 S 5 45

ApriT 21 0 1 12 _1 2 1 10 1 1 3 _1

. 28 1 4 3 2 3 2 6 6 1 2 2

May 5 2 13 9 -2 4 5 2 2 2 3 2

12 3 12 10 -3 3 5 & 6 2 1 1

19 4 12 8 4 4 6 6 7 3 1 2

26 5 10 12 4 6 11 2 1 3 3 2

June 2 6 12 17 5 _8 10 9 10 4 2 3
9 7 16 20 7 12 11 8 5 4 3 2 .

16 8 20 16 6 - 12 10 3 _6 2 Al 3

23 9 14 21 6 12 8 _4 7 2 3 2

30 10 6 15 _6 11 9 4 3 3 2 4

July 7 11 8 14 9 13 12 6 & 2 2 _3

14 12 10 12 12 11 9 _&4 4 1 3 2

21 13 10 5 10 8 3 2 3 3

28 14 7 5 12 13 & 2 2 2

Aug. & 15 5 .7 7 . 2 3 3

11 16 8 10 3 2

18 17 1 4 3

25 18 - 11 14 3 2

Sept. 1 19 12 10 4 5

8 20 13 11 6 5

15 21 . 16 14 _6 )

Values underlined are data obtained at harvest.
50 - Représents 50 per cent bud stage.

25 - Represents 25 per cent bloom stage.

S'- Represents seedling plants.,
5 - Represents clone MAR 5.
45 - Repréesents clone MAR 45.

[AA!



Table 14. Crown diameter, in mm per plant, of alfalfa plants grbwn in the field and
greenhouse from April 21 through September 15, 1964.

‘(?_i..
b

Date ' 50 25 S 5 45 __50 25 S 5 45
April 21 0 38 40 6 7 7 37 39 5 6 6
- 28 1 40 47 8 11 11 35 42 7 8 7
May 5 2 54 57 9 12 12 40 51 9 11 12
12 3 60 63 11 18 16 43 54 10 12 14
19 4 64 68 13 20 19 50 61 12 14 16
26 5 69 71 16 26 24 51 66 14 16 17
June 2 6 - 70 76 18 28 27 35 76 14 16 18
' 9 7 69 78 21 30 31 60 71 14 19 19
16 8 73 79 28 32 34 . 61 73 20 21 20
23 9 76 81 - 29 36 37 ' 60 76 21 21 21
30 10, 80 83 31 37 39 58 78 20 23 23
July 7 11~ 8 82 36 41 42 51 74 22 23 23
' 14 12 80 83 37 - 47 45 30 80 22 23 24
21 13 84 38 32 50 79 23 24 26
28 14 86 38 54 55 80 22 27 28
Aug. 5 15 40 61 59 : 21 27 27
11 16 _ 60 61 : 29 28
18 17 . 62 6k 31 30
25 18 59 63 30 30
Sept. 1 19 60 64 30 29
8 20 - 61 60 - 29 28
15 21 62 61 | 28 28
Values underlined are data obtained at harvest. S - Represents seedling plants.
50 - Represents 50 per cent bud stage. 5 ~ Represents clone MAR 5.
25 - Represents 25 per cent bloom stage. 45 - Represents clone MAR 45.

XA
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The crown diameter of seedling and clonal plants
in the field increased at a réte nearly double that of the
plants grown in the greeﬁﬁouse under high night ﬁempefa-
tures. Differences in the one-year-old plants were not as
great as the seedlings and clonal élants and the one-year-
old plants harvested at the 25 per cent bloom sﬁage showed
no significant difference for crown diameter in the analy-
ses of variance (Tablé 9). The aﬁalyées of variance for
one-year-ol& plants harvested at thé 50 per cent bud stage
(Table 8), the seedling plants (Table 10) and the clohal
plants (Table 11) revealed highly significant differences
between the crown diameter of the plants grown inmthe field
and those grown in the greenhouse. The crown diameter of
clonal plants (MAR 5 aﬁd MAR 45) was not significantly dif-
ferent (Table 11) régardless of where grown.

Correlation coefficients (Appendix D, T#bleé I
thréugh K) showed a lack of correlation betﬁeen érown
diameter and:plant characteristics other than roof weight

Pfor the 6nefyear-61d plants and the seedling Moapa alfalfa
plants. However, érown diameter was highly correlated
with most of the other plant cﬁ;racteristics studied for

the clonal material (Appendix D, Tables L amd M). This
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correlation cannot be explained unless it was due to the

nature of starting the plants as propagules.

Crown Weight

The crown weights of alfalfa plants grown in the
field and greenhouse are shown in Table 15. The weight
of the crown of plants grown in the field continued to
increase while the crown weight of plants grown under high
night temperatures increased for about six to eight weeks
and then started to decline slightly. |

Aﬁ analysis of variance for_crown.weight showed
there was a significant difference between field and green-
house and between weeks for the one-year-old plants har-
vested at the 50 per cent bud stage (Table 8). There was
no significant difference in crown weight for plants har-
vested at the 25 per cent bloom stage of growth (Tab1e49).
Crown weight of seedlings and clonal plants was significantly
higher for plants grown in the field than for plants.grown
in the greenhouse (Tables 10 and 11) and the increase in
crown welght each week was also highly significant;' There
were highly significant differencés between clones with
clone MAR 5 having the he;viest crown weights in both the

field and greenhouse.



Crown weight, in graﬁs of oven-dry weight per plant, of alfalfa plants
-grown in the field and greenhouse April 21 through September 15, 1964.

Table 15.
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S -~ Represents seedling plants.

Values underlined are data obtained at harvest.
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5 - Represents clone MAR 5.
45 - Represents clone MAR 45.

50 - Represents 50 per cent bud stage.
25 - Represents 25 per cent bloom stage.
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Crown weight and root weight showed a highly posi-
tive correlation for the oneéyear-old.plants (Appendix D,
Tables I and J), and crown weight in the seedling plants was
correlated with root weight, plant height and crown diameter
(Appendix D, Table K). Crown weight of the clonal plants
grown in the field was pjgply correlated with all the plant
characteristics studied except per cent of acid-hydrolyzable
carbohydrates in the roots (Appendix D, Tables L and M); In
general there was no correlation between crown‘ﬁeight and
the several plant characteristics studied when plants were
grown under high night temperatures in the greenhouse. The
static increase in crown weight could be responsible for the

lack of correlation.

Root Weight

The root weights of alfalfa plants grown.for 21
weeks in the fieid and greenhouse are shown in Table 16. 1In
general, thé trend in root weight was the same as was noted
with crown weight. | |

The only difference in the ana;ysis of variance
for root weight and the analysis of variance for crown weight
was the lack of §ignificance for weeks in the one-yeaf-old

plants harvested at 50 per cent bud stage (Table 8).



Root weight, in grams of oven-dry weight per plant, of alfalfa plants

Table 16.

grown in the field and greenhouse from April 21 through September 15, 1964.
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S - Represents seedling plants.

Values underlined are data obtained at harvest.
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5 - Represents clone MAR 5.
45 - Represents clone MAR 45,

50 - Represents 50 per cent bud stage
25 - Represents 25 per cent bloom stage.
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_ The seedling plants and clones MAR 5 and MAR 45
showed correlation between root weight and more of the
several plant characteristics studied than did the one-yéar-
old plants (Appendix.D, Tables L through M). There was a
highly positive correlation between root weigﬁt and per cent
acid-hydrolyzable carbohydrates in the roots of alfalfa
plants fo; the seedling planté and clones MAR 5 and MAR 45
when grown uﬁder high night temperatures in the greenhouse,
‘but there was a lack of correlation for. these characteristics.
~in one-year-old plants. These data showed a close relation-
ship between root weight and per cent acid-hydrolyzable car-
bohydrates when plants were grown constantly under high
night temperatures. Apparently, the one-year-old plants had
sufficient reserve carbohydrates for the time they were in
the éxperiment, and the plants in the field were not exposed
to a high night temperature during the first ten weeks of
the experiment which might account for the lacklof corre-
lation.
Root weight of one-year-old plants harvested at the
25 per cent bloom stage of growth was highly correlated with

all of the plant characterigtics studied except plant height,

per cent acid-hydrolyzable carbohydfates and crown diametex
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(Appendix D, Table J) when grown in the greenhouse and only
correlated with crown weight when grown in the field. One-
year-old plants harvested at the 50 per cent bud stage of
gréwth showed correlation at the .05 level of significance
in both field and greenhouse between root weight and most of
the plant characteristics. These data indicate that age of
plants, high night temperature and harvest management in-

fluence the relationship of plant characteristics.

Stem Weight

Thg weight of stems, in grams of oven-dry weight per
plant, of alfalfa plants grown in the field and greenhouse
is shown in Table 17. The one-year-old plants increased in
stem weight for ﬁhe first five to six weeks in the field
plots then started to decline whereas the plants grown under
high night temperatures in the greenhouée started to decline
from the first and continued to decline until the last plaht
was sampled, however, this decline was not significant.
Analyses of variance (Table?S aﬁd 9) showed stem weight of
one-year-old plants grown in the field to be significantly
higher than stem weight of planté grown in the greenhouse.

| The seedling and.clqnéi plgnts increased in stem

weight per plant for the first five weeks in the greenhouse



Stem weight, in grams of oven-dry weight per plant, of alfalfa plants

Table 17.

grown in the field and greenhouse from April 21 through September 15, 1964.
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S - Represents seedling plants.

Values underlined are data obtained at harvest.
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5 - Represents clone MAR 5.
45 - Represents clone MAR 45.

50 - Represents 50 per cent bud stage.
25 - Represents 25 per cent bloom stage.
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then declined steadily thereafter until the plants produced
less stem weight per week than at the starf of the experi-
ment. The plants grown in the field increased in stem
weight rapidly the first six weeks then maintained nearly
the same stem weight thereafter. Analyses of variancé
(Tables 10 and 1ll) showed the differences in stem weight
between plants grown in the field and greenhouse to be
highly significant. The stem weight of clone MAR 5 was
' significantly higher than the stem weight of clone MAR 45.

Correlation coefficients (Appendix D, Tables I
through M) showed that stem,weight was correlated w1th
;more of the plant characterlstics measured in seedling
plants and clones than.;n one-year-old plants. Plants
grown in the greenhouse showed higher cofrelation of stem
weight and other plant characteristics than did plants
grown in the field. Age of plants and high night temper-
atures apparently infi&énced the relationship of these

plant characteristics.

Leaf Weight

Leaf weight followed the same pattern as stem weight.

Analyses of variance (Tables 8 through 11) and correlation
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coefficients (Appendix D, Tables I through M) reveal nearly

the same significance and correlations as noted with stem
weight. Data in Tuble 18 show the leaf weights of alfalfa
plants grown in the field and greenhouse, and the weights
each week are consistent with those noted in Tgble 17 for-
~stem weight. Leaf weight represented 45 to 47 per cent of ,
the total forage grown in the field and 47 to 50 per cent
of the total forage grown under high night temperature in
the greeﬁﬁouée. |

Stem and leaf weights were lower on young plants
grown under high night temperatures continually than on
older plants that had been grown under field conditions for
a year. These results showed'that food reserves were an
iﬁportant factor in the growth én& survival of alfalfa

plants under adverse conditions.

Leaf Area Index

' Leaf area index was estimated from the leaf weight
.of alfalfa plants each week and the leaf area indices are

shown in Table 19.
Clone MAR 5 had the highest leaf area index for

each harvest and was significantly higher than clone MAR



.Leaf weight,. in grams of oven-dry leaves per plant, of alfalfa plants

Table 18.

grown in the field and greenhouse from April 21 through September 15, 1964.
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Values underlined are data obtained at harvest.

S - Represents seedling plants.

5 - Represents clone MAR 5.
45 - Represents clone MAR 45,
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50 - Represents 50 per cent bud stage.
25 - Represents 25 per cent bloom stage.



Leaf area index of alfalfa plants grown in the field and greenhouse from

April 21 through September 15, 1964.

Table.19.
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S ~ Represents seedling plants.

5 - Represents clone MAR 5.
45 - Represents clone MAR 45.
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50 - Represents 50 per cent bud stage.
25 -~ Represents 25 per cent bloom stage,.
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45 at the .0l level (Table 11). The seedling plants had
the lowest leaf area indices (Table 19) and in all cases
the plants in the field had significantly higher leaf area
indices than the plants grown in the greenhouse under high
night temperaturei There was high correlation between leaf

area index, forage production and reserve carbohydrates.

Acid-Hydrolyzable Carbohydrates

The per cent of acid-hydrolyzable carbehydrates
found in the roots of alfalfa plants grown in the field and
greenhouse is shown in TéEle 20. In general, the per cent
A-HC (acid-hydrolyzable carbohydrates) in the roots declined
when plants were grown under high night temperature in the
greenhouse. When plants were grown in the field there was
also a slight decline but of lesser magnitude.

An analysis of variance showed that per cent A-HC
in the roots of one-year-eld plants harvested at the 50
per cent bud stage was significantly lower,(.OS level) in
the greenhouse than in.the field (Table 8), while the
one-year-old plantsfharvested at the 25 per cent bloom
stage (Table 9) ehowed no. significant differences between

plants grown in the field or greenhouse. The lack of



Table 20. Percentage of acid-hydrolyzable carbohydrates in the roots (oven-dry
basis) of alfalfa plants grown in the field and greenhouse from April
21 through September 15, 1964,

~ Field Greenhouse

Date Week - 50 25 S 5 45 ' 50 25 S 5 45
April 21 0 - 34,7 35.2 29.1 24.8 29.0 33.0 36.1 28.6 24.6 29.0
- 28 1 32.9 34.2 28.1 23.4 27.0 30.3 32.0 25.3 22.1 25.1
May 5 2 25.2 31.0 22.2 17.9 21.3 23.9 29.3 18.6 15.5 16.0
12 3 26.4 26.6 24.0 21,1 23.1 . 30.7 27.9 23.2 16.6 22.9
19 & - 29,0 28.7 28.8 25.6 25.0 - 27.8 31.6 27.2 24.6 26.3

26 5 31.9 32.0 30.3 29.0 28.5 23.4 32.7 33.2 30.7 32.6

June 2 6 28.2 32.8 31.0 33.9 33.5 . 26.4 .27.7 27.8 22.8 29.1
9 7 25.6 38.9 15.8 21.3 19.9 25.4 25.6 25.7 19.7 23.1

16 8 29.0 26.6 24.0 15.3 17.0 19.8 30.9 34.1 26.2 29.1

23 9 23.9 30.2 27.0 26.9 27.6 25.5 - 22.9 17.4 16.8 17.7

30 10 23.2 33.4 32.5 30.9 31.2 16.0 24.0 25.0 17.5 17.5
July 7 11 28.0 27.2 16.7 19,2 18.3 15.8 28.9 30.3 26.9 27.3
14 12 22,1 30.0 25.3 28.6 26.9 20.9 22.6 15.5 18.5 18.0
21 13 32.3 28.9 31.4 29,2 23.5 22.0 16.5 18.0
- 28 14 28.2 14.9 17.1 16.0 28.3 24.6 24.3 19.1
Aug. & 15 19.0 24.2 18.9 _ 13.1 19.9 12.9
11 16 27.2 24,2 ' 11.9 10.0

18 17 31.6 30.4 23.0 18.2
25 18 18.5 16.9 13.4 11.4

Sept. 1 19 23.3 19.6 16.0 16.5
8 20 28.6 27.6 ' 20.8 19.7

15 21 33,9 33.6 22,0 22.6
Values underlined are data obtained at harvest. S - Represents seecling plants.

50 - Represents 50 per cent bud stage. | 5 - Represents clone MAR 5.

25 - Represents 25 per cent bloom stage '~ 45 - Represents clone MAR 45.

LET
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- significance in plants harvested at the 25 per cent bloom
stage of growth might be attributed to the high level qf
root reserves in the plants at the beginning of the experi-
ment; however, the significant decline of carbohydrate re-
serves in the roots of plants harvested at the 50 per cent
bud stage indicated the influence of harvest management on
growth and survival of alfalfa plants.

The seedling plants showed no significant difference
in A-HC regardless of whe;e grown in the field or greenhouse
but a highly significant difference for week and week by
.environment interaction (Table 10). Data in Table.20 show
the tren& 6f per cent A-HC in ﬁhe roots of seedling plants
grown in the field and greenhouse an& ﬁight explain the dif-
ferences noted in ﬁhe analysis of variance. The seedling
plants, both field and greenhouse, increased in per cent A-HC
_for the first three harvests, and the increase was slightly
higher in the greenhouse than in the field. Aftér the third
harvest, the per cent A~HC in the roots decreased, and the .
decline was greater in plants grown in the greenhouse than
those grown in the field. Therefore, environment would not
be Significantly different but wéek and the weék by environ-

ment interaction would be significant.
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The root weight of seedling plants (Table 16) shoﬁed
the same generai trend as the per cent A-HC in the roots.
These reéults confirmed that a close relationship existed
between root weight and carbohydrate reserves in the root.
The correlation of root weight and per cent A-HC was a highly
significant and positive correlation.
The percentage A-HC in the roots of clones MAR 5
énd MAR 45 was significantly lower (.01 level) in the green-
house than in the field (Table 1l1l). Week and the first and
seéohd order interactions were aiso highly significant; how-
ever, there was no significant difference between clones.
The-percéntaée A=-HC in the roots of clones MAR 5 and
MAR 45 grown in the field showed no appreciablé change at
each harvest (Table 20) while the per cent A-HC in the roots
of those plahts grown in the greenhouse decreased with each
harvest after the second harvest. It was noted that the
minimum level of percentage A-HC was 15.3 for clone MAR 5
(Week 8) in the field and 10.0 for clone MAR 45 (Week 16)
in the greehhouse. The minimum level of A-HC was lower in
. the greenhouse than'in the field. The depletion df carbo-
hydrate reserves to such low levels as noted in the green~-

house adversely affected the growth and survival of alfalfa
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plants. It was interesting to note that plants still sur-
vived when the carbohydrate reserves had been depleted to
ten per cent.

Correlation coefficients (Appendix D, Tables I
through M) show tﬁeie was a higher correlation between per
cent A-HC and other plant characteristics for clones MAR 5
and MAR 45 than for one-year-old plants or- for seedling
plants. This close relationship of piant characteristics
may be caused by a greater homogeneity among the clonal
plants.

The quality of light in the field.and,greenhouse was
not measured but readings were taken on light intensity and

no appreciable differences were noted.

Discussion of Results

The evidence reported has shown that harvesting al-
falfa plants at the 50 per cent bud stage of growth as cdm-
pared to the 25 per cent bloom stage resulted in a greater
decline of forage'yields, carbohydrate reserves in the roots
and general vigor of the plants. When piants were harvested
‘at the 50 per cent bud stage of growth there weré two more

cuttings but significantlytlowéf yields each year than when
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harvested at the 25 per cent bloom stage. These findings
are consistent with previous studies (3, 13, 19, 23, 30, 60)
which indicated that harvesting after alfalfa plants begin
to bloom gives higher yields and maintains higher root re-
serves gnd plant vigor. However, Dent (16) in Great Britain
reported improved forage quality and nearly equal production
when harvested four times as compared to three.

Forage production declined less when plants were cut
at four-inch stubble height than when cut at one-inch stubble
height and continu;I harvesting at the 50 per cent bud stage
of growth apparently depleted the reserve carbohydrates and
the vigor of alfalfa plants to the stage where stubble height
management was more effective. Differences were greater in
1964 than in 1963. Other workers (33, 43, 54,'78) have_re-
ported similar findings in investigating the influence of
stubble ﬁeight. ‘The lack of superiority of the four-inch
stubble height when plants were harvested at the 25 per cent
bloom stage of growth was closely relatedvto the number of
new crown buds being initiated and the level of carbohydrates
in the roots.

The greatest decline in foragé yields occurréd &ur-

ing Growth Period Two and coincides with the period of high
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summer temperatures. Feltner and Massengale (23) in Arizona
and West and Prine (73) in Florida attribute this decline
in forage yields to high night temperatures.

There was a noticeable increase in temperature at
the soil surface and one~inch soil depth following a forage
harvest with an average teﬁperature of about 2 C higher when
alfalfa plants were harvested ét the 50 per cent bud stage
of growth than when harvested at the 25 per cent bloom stage.
Cowett and Sprague (13) in New Jersey previously reported
temperature varied less in dense stands than in sparse stands.

There was a decline in carbohydrate reserves in the
roots of alfalfa plants for approximately 14 days following
harvest, then an increase until the subsequent harvest. Sev-
eral workers (22, 28, 30, 41, 60) have shown similar results
with the increase in carbohydrates continuing until full bloom
stage of growth. Harvesting at 50 per cent bud stage of
growth did not allow fgll replenighment of reserve carbohy-
drates and resulted in reduced yields and stand depletion.
Tﬁe decline in reserve carbohydrates oécurred prior to de-
cline in forage produqtion and was more highly correlated
"with forage yields-when_plants were harvested frequently

than when harvested at the 25 per cent bloom stage of growth
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illustrating the importance of carbohydrate reserves in .
relation to forage production. As minimum temperatures in-
creased during Growth Period Two, the carbohydrate reserves
in the roots decreased then as minimum temperatures decreased
in Growth Period Three the percentages of acid-hydrolyzable
carbohydrates increased. Results of the field and green-
house study show that high night temperatures attribute to
the depletion of carbohydrate reserves in the roots of al-
falfa plants. These findings substantiate previous research
work (22) conducted at Tucson, Arizona.

Davidson and Donald (14) reported optimum leaf area
index for subterranean clover as & to 5 and Pearce and Brown
(52) reported that net assimilation of photosynthate in or-
chardgrass occurred between leaf area indices of 3.5 and 8.0
with an optimum rate of 5.5. The minimum‘leaf area index
for net assimilation of photosynthate in alfalfa plants may
be lower than in subterranean clover or orchardgradass but the
. decline in plant vigor and forége production noted in this
study indicated that the alfalfa plants had not obtained a
leaf area index sufficient to assimilate food materials
edualrto or in e#cess of the amount needed for plant growth

when plants were harvested- frequently dﬁring Growth Period .



144
Two. It was noted that during Growth Period Two and Three
in 1963 the LAI at harvest was below 3.5, with the excep-
tion of the last harvest for plants harvested at the 25 per
cent bloom stage of growth, and in 1964 when plants were
harvested at the 50 per cent bud stage the LAI was below
3.5 for seven of the ten harvests.

The field and greenhouse study substantiated further
the influence of LAI on forage production and reserve carbo-
hydrates. Alfalfa plants grown under high night tempera-
tuies reached the 25 per cent bioom’stage of growth at lower
leaf area indices than when the average minimum night tem-
perature was below 20 C. Plants ih.the greehhouse were har-
vested before they attained a leaf area index of 3.5 whereas
those plants grown in the field were harvested after a leaf
area index of 3.5 had been attained. It was interesting to
note that when the éverage minimum night temperature in the
field exceeded 20 C the LAI at harvest of the one-year-old
and seedling plants declined while the LAI at harvest of the
clonal plants remained nearly the same. Thié suggests that
following a period of establishment under cooler temperatures
clones MAR 5 and MAR 45 may be miore tolerant of high night

temperatures than the Moapa variety. West and Prine (73)
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found heat-tolerant and heat-susceptible plants in the Hairy
Peruvian variety of alfalfa and it may be that clones MAR 5
and MAR 45 were from heat-tolerant plants in the African al-
falfa variety.

This study indicates that leaf area index might be
an accurate criterion for harvesting alfalfa plants during

periods of high night temperatures. Fuess and Tesar (24)
-stated that LAI was not an accurate predictor of annual éro-
duction but showed a positive relationship for individual
cuttings when ﬁlants were harvested frequently. The use of
LAi fof harvest management during ''summer slump' months
would allow alfalfa plants to attain a leaf are# sufficient
to manufacture photosynthate'in-ekcess of that needed for
growth of the plant.

Alfalfa plan;s;grown in the greenhouse had longer
internodes, fewer crowﬁ-bﬁds{and fewer}stems per plant than
plants grown in the field. Some of these differencgs might
be attributed to differences in light qualiﬁy and light in-
tensity, however, it is significant to note that when the
average minimum night temperatﬁres in the field exceeded
20 C tﬁe diffgrencés in plant height and number of crownm

buds and subsequent stems were of lesser magnitude. Assuming
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that light quality and intensity were of lesser importance
than the temperature treatment imposed and since part of the
| plant material used was clonal material which was genetically
the same, the differeﬁces noted between field and greenhouse

were apparently due to high night temperatures.






