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ABRSTRACT

Populations of trifoliate 'Mesa-Sirsa' and multifoliolate

alfaifé‘(Médicago'sativa LQﬁ were evaluated for rates of CO2 exehénge,
- morphological characteristics; forage yield, total percent brotéin, and
chlorophyll and carotinoid pigments when. grown under field cdnditions.
' Thévpurpose of:this study was to determine if differences in several
morphological and’physiological characteristics existed between the
normal trifoliate (TF) and multifoliate germplasm and if‘thése charac-
teristics were significantly related to yield, Thirtf—five percent
of.the multifoliolate (MF)lplants exhibited thé MF characteristic.

| Apparent photosynthesis and post;illumination COz'bursts were
significantly higher at each harvest for the multifoliolate.populatign
when COZ exchange was expressed on a unit leaf area basis. Yield was
not significantij different between the two germplasm sources. Yield
was_significantly and positively correlated to apparent photosynthesis
at 2 (r = .58%) and 3 (r = .45%) weeks before harvest when exﬁressed
per unit leaf area.

Specific leaf weight was negatively correlated to yield and
lgaf area index. The protein and chlorophyll content of Mesa-Sirsa
and the multifoliolate synthetic were not significantly different,‘
Primary leaflet éontenfs of chlorophyll and carotinoids decreased in
a significant linear manner progressing from the bottom to the top of

the plant.

viidi



INTRODUCTION

Alfalfa is one of the most valuable and Widely‘grawn‘fo:ages;
The proper management of thié'perénhial species is of'great importance
in_thé maintenance of’a_vigorous and long-lived stand. To>discover
the éhysiological basis of variation in crop yield it is necessary to
'suppiément laboratory studies'with direét observations on crops growing

in field conditions.

- Most of tﬁe phyéiological processeé that affect the éonversion
of COZ occﬁf iﬁ the leavesf ’Thé morphological, physioloéical, and
genetic characteristics of the-alfélfa leaf have been scrqpulously
examined. Pésitive ésséciation’of leaf size to yield has been reported
by Leavitt (1975). Dobrenz, Cole, and Massengale (1971) reported that
dry weight productioﬁ among alfalfarcqltivars ﬁas due to anlincrease in
stem and pétiole tissue rather thanileaf area or total leaf weight.
Brick (1975), in a genetic studyjéf theAmultifoliolate tralts in
alfalfa, found significantly higher specific leaf weights in multi-
'foliélate plants as compared tOrtriféliolate '"Mesa-Sirsa.' Brick
suggésted the multifoliolateAcharacteristic could have an advantage in

ldry matter production;
The research reported here was designed to determine thé
morphological and physiological_chafacteriétics associated with multi-

foliolate and 'Mesa-Sirsa' alfalfa grown in the field.



REVIEW OF LITERATURE

Carbon'fixationftthugh photosynthesis ié thé source 6f nearly
all dry matter yield. Carlson et al. (1970) repérted that photosyn-
thesis was a fundamental process and that it should be carefully

 evaluated as a possible selection criterion in a breeding program.

' These researchers indicated that sufficient genotypic Vafiability
exists to justify inéluding it-in a breeding program. They warned

that if selection fbr net photosynthesis is to be effective it should
be done over é range of'environménts; Rﬁmbaugh_(1963) fouﬁd>that
selection indices'based ﬁpoh yield component data obtained in space
clonal nurseries may not accufately poftray the forage yield éotentials
of genotypes in solia seeding.

Dry matter production of a croé is the result of the.net photo¥
synthesis of individual plants (Alberda 1962). This researcher further
suggested that once the photosynthetic efficiency of a green léaf has
been estimated it is possible to calculate the upper level of potential
crop production. HanSOﬁ (19715 and Donald (1962) reported the concept
‘that photosypthetic production gives-a reasonable prediction of dry
*‘matte¥ yield. Donald further suggested that genetic factors influencing.
yield such as cell physiology, leaf area; and leaf arrangemenf do so
principally by their effect on photosynthesis. This fesearcher believed
that knowledge.of plant stature.and leaf concentration, like that of

leaf angle was inadequate but clearly of first importance for attaining



incfeasea fields, Photosynthetic,efficiéncy has beén correlétéd'to,‘
ieaf size, cell mérphﬁlogy, énd Watér'use'b§3cépe and-Rawlings (1970),.
and Parkhurst and Loucks (1972), and Del:‘aney,(l972); |

Results by Peafce,.Broﬁn, and'Biazer (l967é)rshowed fﬁat a
linear relatiounship exists between light interception and net photo~

synthesis at any'giVen angle in barley (Hordeum vulgare L.). - They

grew barley in flats.at various angles to simulate 1eéf angle and con-
cluded there was no advantage to 1eéf'angle over a diﬁrnal éycle.
The most efficient utilization of light on a diurnal basis is aésoci—
ated not only With.leaf arrangement but also with leaf morphology.
Carlsén et él. (1970)lfound thaf net photosynthesis was posi-
tivély related to yieid Whiéh'depends_upon the effect of light iﬁtér—:
ception, photosynthate translocation and utilization.l They concluded
that the differences in net'photosynthesis; which are associated with
an easily measured morphologi;al trait, exist in alfalfa.
'A significant‘yieid advantage has been shown to»éxistvin 1argé
leaflet populations'when compared to small léaflet populations (Leavitt
1975). Leavitt concluded the increased yield was due to the total leafv

area per plant. This relationship was also found in crownvetch

(Coronillawvaria L.j pre}and'RawlingSi(l970) and in barley by Yap aﬁd
ﬁarvey (1972) and .Berdahl, Rasmusson, and Mbés (1972). Significantly
higher kernel weights_Were observed in tﬁe large leaf lines.
Significant correlatiohs between reépi?ation an& leaf area
index (LAIL = umnits 6£ leaf area, one side; above uﬁits ground area),

were reported by Wilfong, Brown, and Blazer (1967). Their investigations



indicafed'ﬁhat'leaf area to leaf weight fatios increased along with
LAT in all alféifa plots.‘ The.respifation per unit leaf area at high
LAT's sﬁggested to them that moreﬁleaves could be added to the stand
without proportionately incréasing total respiration. Pearce, Brown,
and Blazer (1967b) found that as the LAT increa;ed, light penetration
‘decreased exponentially to a vaiue of 1%Z at an optimum LAI after which
it slowly declined. ThislécCurred at all light intensities, but the
optimum LAIL was less at low light intensities; These gcientists con-
cluded that respiratibp pef ﬁnit of LAT for natufal'commgnities
remained gdnstant or was inversely related to LAI. joy, Poole, and
.Dobrenz (1972) and Robinson and Massenéale (1967) reported that LAI
statistically did not appear to have préctical applicétioq in the
-prediction of seésonél yields, however, LAT had a positive relation-

| ship»to forage yield at individual cuttingé° A closé parallel between
the plént,dry Weightswat haryést and leaf areas were reported by
Duncan and Hesketh (1968). Leaf area growth was not corgelated_with
the rate of net leaf photosynthesis; These findings suggested that
the accﬁmulatidn of dry matter must be correlated day by day ﬁith the
product of the leaf area and net photosynthetic rates. Therefore a
plant Whicﬁ initiates leaves and produces a canopy f;ster could
utilize sunlight more efficiently with more CO2 beiné converted to ‘
plant carbohydrates. Smith, Mott, and Bula (1964) have sﬁown that the
LAI was an important factor in obtaining dry matter accumulation. They
SQggeSted that any factor which increased the phﬁtosynthetic capacity

of a plant would be useful for increasing yields. Investigations by



these scientists revealed that LAI was the most'important single
independent vériable that accounted fOr_variation in dry matter yield.
Delaneyiand,Dobrené'(l974a) demonstrated fhat apparent photo-
synthesis was significantiy associated with thickness-of\the palisade
tissue., They concluded that leaflet size could serve as a morphological
seleétion tool fof phot@synthetic rate, Foutz, Wiihelm; and Dobrenz
(1976) reported that mofphological factors were more reliablerindica-
tors of alfalfé production than'the‘physioiogical-factors. These
scientists - reported COé.uptake per it leaf éreé Qés not correlated
to yield. Howgver; fotal.apparent photosyﬁthesié,eépfeséed on ‘a per
plaﬁf basis dr& matter production was highly and significantly éor—
feléted_(r = .90%), 1In bdth'spaced and nonspaced planted.stu&ies total
aﬁparent.phbfosyntheéis“ﬁér plant ﬁas hiéhly correlatéd to yiélé.
Osman (1971) élso reported that gross photosynthetic rates, és deter—
mined by sﬁnlightiand photosynthetic caﬁacity of thg leaves regulate
the rate of dry mattér production. ‘Gr§SS'pho£osynthesis was 29.3 and

2

spring wheat (Triticum aestivum L.).-

79.6 mg CO dm.—2 hr.-l for the 2nd and 4th leaves respectively in

The photochemical and/or diffusion process of 1eaves;wés found
by Gaastra (1962) to be influenced by a wide rénge of environmental
conditions. Gaastra reported that the daily radiation ﬁasted by leaves
:exposed tofsaturating light intensities depended on leaf arrangement,
LAI, diurnal course of light intensity, and solar elevation.

| Osman (1971) found that the respir;tion ofgieaves was of gréat

importance in determining dry weight increases and that variations in



sinkHStrength-wefe of minor:significance. ‘Hesketh (1968) also found
that differences in leaf photosynthetic rafes.&ere associated With the
apparent photorespiratibn and variations of stomatal conductance.
Decker (1970) concluded that the aspeqts 6f»photorespir§tion havé
obvious significénce in the real world and those aéséciatedrwifh the
breeding of hfgh yielding hybrids should ﬁtiliée photorespiratéry rates
as a selection tool. |

Specific leéf.weight (stw =funits of leaf dry matter per wnit
leaf area) showed a negatiﬁe énd significant correlation with primary
léaflet area (Leavitt 1975). Experiments by Pearce, Brown, and Blazer
(1968)-showed that SIW appeared to.clésely interrelate with 1ongevity
and the'decline of net photosynthesis with age. |

Fof a given species and morpho}ogical structure of canopy,
SIW and net carbon diéxide éxchénge (NCE) values decline most rapidly
for candpies that:gfow at the fastest rates (Wolf and Blazer 1972).
" These researchéfé reported‘tha£ if reﬁresentative samples of all
leaves in a canopy are considered, then any factor ‘that encourages
large and fast develéping canopies reduces the mean values of SLW and
NCE. Therefore yield and mean SLW of all leaves in a canopy méy have
a ﬁoderate inverse relationship. High positive correlations between
SiW and NCE in these experiments suggested that differential values of
SLQ might be used in breeding to incfease yields.. Mutual shading which
results in reduce& light intensify in dense.alfalfa canopiés may be a

major factor in leaf loss.
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' Net'carbéﬁrdiqxide exchangeAcurVes'of'phattertén (1973) showed
that SIW of pottéd alfalfa plants cofrelated'ﬁegétively'with the
diurnal curve for SLW. A close relationship. between NCE and SLW‘Was
reflected in rapid'éhange§ in Qélues of both NCE and SLW. Chatterton
suggested-that photosynthesis néy be reduced by the accumulation of
photosynthate or ; result of slow translocation fﬁat resulteq from’
excessive aésimiléte accumulatioﬁ, Increased SLW may be responsible
'fdf reduced photosyntﬁesis and théreforé reduced plantlgrowth,"

Light intensity has a direct effect on both net photosynthesis
and SIW, Barnes et al. (1969) reported that the SLW between ?lgnt ages
ét,three stages of ﬁaturity was significént at the_l% 1evei‘of prob-
.ébility for nodes 3 to 6, buf-siénificant oniy at the 5% level at
nodes 6 to 10 in alfalfa. 'They génclﬁdéd that SIW and LAI Were*undef
independent genetic control. | |

Adaptability of alfalfa'to-changes in light intensity was shown
by Pearce and Leeu(l969). Net éhqtosyhthesis.énd SILW at any particular
age fluctﬁatéd to a similarvdeéree. The conclusion was that photo-
synthesis per wnit leaf weight remains fairly constant.sb that the SLW
of the leaf will primarily deferﬁine the photosynthetic rate per unit
leaf area. Delaney and Dobrenz (1974b) repbrted a significégt correla—
- tion (r = °76)~bei:ween total.léaf-area,and foragé yield° Carbon
dioxide uptake per unit leaf area was not foﬁnd to be a limiting
facfor. | |

Pearce et al. (1969) reported that variation in net photo-'

synthesis was due to SLW when plants were grown in the greenhouse. In



field experiments these réséarcﬁers reportedrSiW'and.net photosyﬁfﬁesis
,_.waé positively and signifiéan;ly correlated (r #>,79). Net photosyn~-
thesis did not increaée with iﬁcréaéed SIW in hiéh light.
Environmental fabtors such as 1ight; tempgrature, water,.Oz,
and CO2 éoncenfrations may signifiéantly affect phbtoéynthetic fates
and aCCOﬁnt fof variability which has been found.within‘and among
cultivars. The effecf of the eﬁvironment on a‘ﬁlant will depeﬁd on
the previous environmental adaptations of the érganism and thelannual
.élimatic Eonditiogs to which it preéenfly is subjected. Varga'et a1..'
(1970) reported the main sopfce.of variability iﬁ all characteristics
studied in alfalfa Waé the environment, principally irrigation." |
'Cole, Dobrenz; and Masséngale (1972) found significant vériatioh
in dry‘wéight broduction among alfalfé'cultivars when gibberillicAacid
(GA) was épplied. The GA application was also significantly'associated )
with water ﬁse efficiency. The iﬁcréase in dry weight with GA applica-—
tion was due to more stem and petiole tissue rathe£ than an increase in.
leaf area or total leaf area GA>§lants'Wére also more efficient in water
use.
Water management has been found to effect forage quality.
Resﬁlts from Gifford and Jensen (1967) showed yield and quality of
alfalfa to be éignificantiy affectéd by Wateriﬁg schemeé and soil bulk
" density. Crude protein was significantly affected by the percent
saturation of thé soil. Peterschmidt (1976) concludeé tha; irrigatioﬁ

water in'excess of field capacity did‘not improve yield or quality in

alfalfa, feed barléy’(Hordeuﬁ:vulgare L.) and malting barley (Hordeum



distichum L.), but rather demonstrated aknegative effect on these
factors. The effects of water on the quality of éudan grass (Sorghum
»sqdanese [Piper Staph]) were insignificant (Koller and_Claﬁk'lQGS).
- They reported that at théAfirét harvest the moisture percentage
deéreased_as plant density increased.

The gffects of,tempefatﬁre on a plant have been studied from .
‘single leaves to whole communities. Many researchers have reported
the reduction of yield_duringlthe summer months (Robinsoﬁ and
‘Massengale 1967, Bula 1972, and Leavitt 1975). It was hyﬁpthesized
| that the "summer slump" aé réported by Robinson and Massengale could
be due to both high day and night temperatprés and Bula (1972)'Suggested
that temperature could change-the'anatomy of the leaf, Bula fufther |
repoited that the effects of temperature appear to be manifested .
primarily in cell size and therefore sméller leaves., Plants grown
under high temperature (35 C) had smaller célls which in ‘turn resulted
in smaller leaﬁes and lower lgaf areas per plant compared to planté
_grown at optimum temperatures. Cooper and Qualls (1967) Qbsérved more
palisade tissue and a thicker cﬁticle in sun'leéves.than shade leaves.
The leaf are to leaf weight ratios for sun and shade leaves were 194
and 337 cm? g‘l leaf respectively. Dglaney (1972) found in 13 alfalfa
clones that leaflet width differéd more than 100% throughout the
growing season., |

.Pearson and Hunt (1971)-repqrted the net carbon intake of the
cultivar 'Vernal' increased throughout the photoperiod at 20 C day and.

15 C night, then.deciined”after 10,5 hours from the start of. the
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photoperiod When'temperatnrés'were iﬁcreaSéd'lO C. Similaf results
were reported for beapé' wﬁen'e%pqsed to tﬁe game témperature schedﬁle;
Supportiﬁg evidence was preseﬁted by Hesketh, Chase, and Nanda (1969)

with maize'(Zea'maize L.), sorghum.(Sorghum”vpigéfe Pers.), and

Hungarian millet:(Seteria'ita;ic L.). These scientists found that both‘
temperature and photopefgod had profound_effects on leaf number and

. assoéiated characteriétics° Genotypic differences played a-étrong role
in detéfmining.ieaf number. -

Ueno and Smith (1970) suggested that temperature influences the
conversion of nonstructural and.structural cafbén, They reported that
carbohydrates aré'utilized by grdwing plaﬁts.for respiration and for
synthesizing constituents and that any surplus was accumulated in
storage tissue. Ku and Hunt (1973) indicated that leaf carbon exchange
characteristics‘are mos t affected‘by the femperature at which the plants
are grown. Patterhs of change fhraughout regroﬁth differed among
various physiological and physiéal characteristics.

Plants~groﬁn at higher temperatures matured more rapidly than
those grown under cool ambient temperaturéé (Jensen, Massengale, andA
Chiicote, 1967). It was noted‘that soil temperatures had less effect
on growth and quality than air témperatures. These results are con-
trary to those of Parks and Fisher (1958) and Gifford and Jemsen (1967).
Parks and Fisher suggested that higher yields resulted from cooler
soil temperatures because,of,greater amounts ofvstored carbohydrates.

Leaf cafbon—exchange characteristics are most. affected by thé

growth temperature. The best time to select'plants that would overcome
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- this seaéonal"change is cbntréversiél. Dglangy; Dbﬁrenz;:andeoélg
(l974)’showed similaritiés'iﬁ phdtosynthesis and yield distribution
over the growing season and suggesﬁed thét plants selected under high
fempératures would reduce the magnitude of the summer yield slump.
Respiration was found to vary inversély with the avérage_daily minimum
air temperature. Individual quer#atiOns of dark respiration were
significantly correlated to'photosynthetic measureﬁents at both low
and high 1ight intensity over the growing ?eaSon; 'Leavitt'(l975)
evaluated large leaflet alfalfa genotypes and suggested selection

should be made early in the spring when 1eaflét size was optimal.

‘compensation

Dvorak and‘Natr.(l97l) demons trated that CO2

‘points were affected by age and p;evious‘water sfatﬁsﬁ . Similar porrela?
tions betweén plant water status and CO2 compensation points were

found by other researchers. Parkhurst and Loucks (l972)_c6ncluded

that every'envifdnment selects for lgaf sizes that igdreasé the
efficiehcy of ﬁvater utilization° Theyndeveloped a water—use—efficiency
model'that demons trated differences in both size and shape between sun
and éhade leaves. This modél provided évidence that the leaf size

&bes have adaptive significaﬁce-° |

Many statistiéal and computer models have been brought forth

£d predict both plant growth_ana yield. Kﬁehl, Buxton; and Briggs
(1976) foundlsigﬁificantlcdrrelations between a time series analysis

and environmental factors affecting cotton (Gossypium hirsutum L.)

Time series techniques were effectively used for certain agronomic

problems relating enviroﬁmental‘factprs to flowering and boll retention,
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based on hiStbrical-time series records. Fbutz;(l973) verified with :
multiple regresSion'énalysis that thefmorpholbgical factdfs woula
;probably Ee-more effective as predictive criteria for the isolatioﬁ of
highér‘producing alfalfa ciones than physiological factors. He sug~
gested tha£ se1ection of plénts on a morphological basis with desirable
ﬁhysiqlogical traits’would be advantageous to an élfaifa breeding
_program. Uéing’the multiple regressionm analysis Foutz et al. (19765
reveaied tﬁatkéercent leaveé, leaf weight,iand leaflet to stem-petiole
-ratios accounted for more than 987 of the variation in yield.
Genotypic differences of alfalfa were studied by Schneiter
et al. (1976) in' an éiperiment desighed fo.cofrelate ADP&O ratios ‘to
forage-yieids. Significant positive correlations were found between
;he genotypic ADP:O ratios and fofage yield at each harvest and average
_ forége yield over all harﬁests. They concluded that laboratory analysis
of ADP:0 ratios could be used as a screening tool for selection of
individual plahfs having,high yield potentiai ﬁrior'to field.evaluation.
-Jensen et al.A(l967) re@orted that the quality of alfalfa was
affected by genot&pe,,number of days between harvests, air and soil
témperatures, soil moisture, and geogfaphic.location ofvprbduction.
- Geographic location will Aetermiﬁe the.quality, quantity, and durétion
‘of light, precipitation, annual and diurnal femperature fluctuations,v
and thus the frgqgency of hafvest_fo; crops such as alfalfa. Swmith
_(1962) recommended that alfalfa should be harvested three times in the
‘northern states. Cutting schedules for ;he southwest are once eVeiy

30 days beginningJin:April and lasting until October. Fuess and -
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Tesat 61968);repqrtea'a sharp deéliﬁe in photosyﬁthetic activity of
leaves afterlthey were 3 weeks oid; This‘poées'thg question'of_~
' ﬁhether én:élfalfa'leaf has fﬁifiiled its function of féodvmanufaéture'
Ab? 30 days aftér eméréence.

Jensen et al,.(l967)'suggestéd that 1e;finess of forageé is
roften conéidered almajpr faétof iﬁbdetgrmining quality. As thé élant-_
_ matures the pércentageidf leaves in thé hay decreaseé;‘ Reid ét al.1
(1959) rébortea that the nutritiﬁe'quélities_df the leafy portions‘aré
knb%n to be superiof ﬁqrthe'stems of piants. They showed that thé
leaf content of first-growth.forage Was an excellent indexiof energy
value. - They noted that this.facﬁqr-lacked predictive values for sﬁb¥
sequent forégé harvests. |

| Alfalfa génotypes exhibiting the multifoliolate characteristic
have»been‘invesﬁigated since i928;by.plant breeders. The @uest for an
- increased, more efficiént, photosynthetic area has not been fruitless.
The multifoliolate characteristic has been reported in several plants
of the Leguminosae family. Bingham (1964, 1966) has been a leading
scientist in the researéh assodiated with the multifoliolate character-
.iStic.in alfalfa. He found a significant differen;e between trifoliété.
and multifoliolate alfalfa in the total size of the vascular burdles in
petioles of multifoliolate leaves. The double ﬁascular area of multi—;
foliolate petioles was adequate to carry the greater volume of photof‘
synthate.. This finding would suggest greater photosynthetic capacity
\'due to an elimination or delay in feedback inhibition as suggeste@ by

" Neales and Incoll (l968). Bingham (1966) demonstrated that the increase
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in translocation was due:to‘the median bundle which increased in size
as the ﬁumber'of leaflefs incfeaSed; Bingham aleo reported that the
size of the lateral bundies did not increase significantly.
In conjunction with:the studies of the multileaflet trait
there has been a comprehensive evaluation of internode length. 'Ferguson
and Murphy (1973) observed p051t1ve assoc1a£10ns between plant Welght
_ to plant height and plant weight to average internode length. It was
'suggested that stem productidn past a certain plant height exceeded
leaf production resulting in further increases in bioldgieal yield.
The negative eorrelation of 1eaves to stems euggeSted thatrthere was
no easy Wey to improve,vleafiness°
| There has been some disagreement'és to the 1ength-ef internodes
in multifoliolatefalfalfa compared to-trifoliate. ‘Bingham and Murphy
’(1965)'reported_intefnodee were sigﬁificantly longer in muitifoliolate
when blanted on‘O.él m (3 £ft) centers and the field overseeded with
timothy. Brick (1975) found no significant internode length in mul i
'foiiolate progeny. Theseﬁplants_were spaced on O.30.m (1 ft) centers
with no overseediﬂgrof a companion crop. The competitive environments
- could explain tﬁe differences.feported. Brick further suggested that’
the multifolielate charecter appeared to have. an advantage for increased
leaf percentage.: Therefore the developmentebf a multifoliolate cultivar

could iﬁprove the quality of alfalfa forage.



MATERIALS AND METHODS

Certified'}Mésa—Sirsa' élfélfa seed for this egperiment was
obtained from Dr. M. H. Schonhorst, at The University of AriZona;_ The
Syn2 mulfifoliolate seed Was ﬁroduced frbm clones described by Brick
(i975). Plo;s were sown at the rate of 20.2 kg/ha on October 13, 1975,
' iﬁ a single border. The plots were arranged in-a randqmizéd block -
deéign with threé replications. A.1l meter buffer strip sepafaﬁed.each
rplot and each of the replications, The border was located at Tucson
Plant Materlals Center, Tucson Arlzona |

Prior to planting the border was fertilized with 120 kg/ha
PZOS. Benefin (g;butyl—ﬁfethyl—gjgfgjtrifluro—Z,6—dinitro—3;toluidine)
was prepiaﬁt incorpbrated at the rate of 1.5 kg/ha. 'Trifluraliﬁ

(a2,a, a-trifluoro-2, 6 dlnltro—N N-diprophyl-p- toluidine) was irrigated.

"in 173 days after seedlng at the rate of 3.2 kg/ha The border was

hand weeded to eliminare London Rocket (Slsymbrlum irio L.) on two -

occasions. Irrigations were écheduled when 50% of the available
moisture was utilized. .

Apparent ﬁhotos&nthesis (AP), post—illuminationrbursts (PIB),
and dark fespiratiOn (DR) were measured in a closed system on a Beckman
215 infrared gas. analizer described by Foutzv(l973). The plant material
" collected for Cdz exchange was cut prior to sumset, labeled, and placed
in diétilled water to equilibrate overnight. The next morning three

stems per plot were taken out of the dark for measurements. - The stems

15
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were pre—illuminated 10 tO'ZCIminuteé to activate the'stomates for
'3 ma%imumigaseous exthénge, MéaSuremeﬁt$ weré'ﬁakeé'at harves£ andié
and 3 Weeks pbst-harvest. | |

Carbon—dioXide fluies wére_Calculated by incorporating the.
volume bf.the systém;'atmOSPhefic temperétﬁre;‘préssure, and the mbles
per 1it¢f qf CO2 according'to fhe>fofmula reported by Foutz (1973j;

Leaf.area was determined with a light sensitiye photometric
Hayashi Denko automatic érea machine. Thé leaflets were dried at
’ 80 C for 24 hours. Speéific léaf weight per plant Was'calculéted from
100 stems‘sélected'at random at each harvest. From the Saﬁe source of
material 15'stems were selected and fhe leaflets removéd to calcﬁlate
leaflet to stem-petiole ratios. Both stems and leaves were driedias
previously deécribed, in order-to'éxpress,the_ratio oﬁ;a dry weight
basis; | |

Total dry matter yield was -estimated from a hérvest strip 0.76

- meters by 6.1 mefers. Subsamples fromvthé harvest strip were taken to
~determine mbisture ﬁeféentages, The sqmplés were weighed and dried
at the Tucson Plant Materiais Center for 48 hours at 60 C.

Percentage N was measured by the micro-Kjeldahl method described
by the Asséciation of Official Agriculture Chemists (1955) and multiplied
by 6.25 to éstimate crude protein percentage.

Pigments werérextracted from 3-week—old plants selected at
random from each plot. Threeasou;ces of ﬁiant material were used;
multifoliolate (MFf),»multifoliolatg germplasm trifoliates (MFt), and

trifoliate (TF). The first fully expanded primary leaflets from three
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positions, top three nodes, nek't tilree nodes, and lower three nodes, |
were freeze dried and extracted by the’ 'fnethods described by Wolf (1959).
| Analyses of ’Va-riancel, correlationé, and multiple regression

vwer'e used to statistically- evaluate the facto-rs‘ listed in Table 1 ovér

i

the growing seasom.
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Characterlstlcs evaluated throughout the
1976 growing season.
Variébles ..Units
. S, . 2. -1
AP Apparent photosynthetic rate mg CO2 dm © hr
DR . Dark resﬁiratidn.rate mg CO2 dm._2 hr
PIB Poét—illumination CO2 burst mg CO2 dm_z hr—l
Yield  Total dry matter  kg/ha |
STW Specific leaf ﬁeight mg leaf Weight/cm2 leaf area
L/S © Leaflet to stem-petiole
o ratio
; 2,, 2
LAT Leaflet area per plant ~ dm"/dm
per unit ground area '
Protein ¥ crude protein
Chl a Chlorophyll a ug/gm
Chl b  Chloxophyll b ug/egm
C Carotinoids ug/gm




RESULTS ANDIDISCUSSION_

The Syn'2 population of nultifoliolate alfaifa (MF) showed -

' significant différences in_appafent‘phdtosynfhesié (AP), post-=
illuminmation CO2 bursts.(PIB), specific ieaf weight (SLW),>and leaflet
to stem-petiocle ratios (L/S), enen though\onln 332.of the nopulation

~ expressing the multifoliolate characteristic.

Appérent.phptosynthesis (AP) expressed as mg COZ,dm.—2 hrfl

was significantly higher in" the multifoliolate population for the entire

1976 season. The seasonai anerages were 15 and 12 mg C02 cmfz hr_l

for MF and MEsa—Siréa (MS) respectively'(Table 2). The second week in

June the highest Cdz exchange values of 19 and 21 mg 002 dmszhrhl

were recorded for MF and MS respectively. After the August harvest,
'the apparenﬁ photosynthetic rates in the MF population declined steadily
from 13 to 10 mg CO2 dm_2 hf?l at the final harvest in September. Mesa~-

Sirsa also folloWed a similar pattern of decreasing CO incorporation-

2

beginning at the August harvest until the final September harvest.

Post-illumination CO, burst (PIB) was a short 10 to 15 second

2

measure of dark and light fespiration release of_CO2 that was obtained
immediately after light energy is eliminated. The range of measure-

ments showed less deviation from the mean than was evidenced by 002

incorporation. The range of PIB for the MF population during the

2

entire growing season was 7 to 14 mg. CO,, dm hr_l. Similar seasonal

2
trends were exhibited by MS where the release of CO, ranged from 6 tb(

19



Table 2. Average apparént photosynthesis.(AP); post-illumination CO, burst (PIB), and dark
respiration (DR) mg COp dm—2 hr-1 of multifoliolate (MF) and Mesa-Sirsa (MS) alfalfa

measured at harvest (H) and 2 and 3 weeks post-harvest (2PH, 3PH).

Sampling Date

Sept.

May June ' July . Aug.

SPH H 2PH 3PH H 2PH 3PH H 2PH 3PH H 2PH 3PH H
Apparent Photo- MF 13b* 16 14 12 1l4a 19 17  19a 14 13 17 13 12 10

synthesis ' '
(mg CO, dn™> hr™") M5 16a 14 12 14 9 21 17 12 13 12 16 12 12 10
Post-Illumination - MF 8 122 9 13 14 13 10 9 12 10 13 9 7 7

Burst’
(mgco, an hr’) Ms 8 8 7 13 12 13 8 7 10 9 12 8 7 6
Dark Respiration MF 4 5 4 5 4 4 4 3 5 5 4 4 3 3
N R | | | ) . _ o

(mg CO, dw ~ hr ) MS 3 3 4 6 5 4 b4 5 & 4 4 33

* Significant difference indicated where applicable in table at .05 level.

0z
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lBrwith a mean of 9.mg Cbz'dﬁ_z h§+1 (Tabie.é). -fﬁe MF population had"
' significantiy higher PIB values. | '

Dark respiration (DR) displayed fherléast vafiabiiity of all
t:her'-CO2 exchange:ratés.ﬁéasuréd throughOut'thé season. VThere Waé'no
statisticai significant difference between the two pépulatibns
(Table 3). The seasonal meéﬁ DR'rates'Were‘4 mg Cozidmszhr_l for

- MF and MS plants, respectively (Table 2).

‘Specific Leaf Weight (SLW)

The multifolioiate populations had a significantl& higher SLW
than the trifoliate Mesa-Sirsa for‘th;A1976 season (Figure 1). These
differences were sigﬁificant at hafvest H), 2 weeks <2PH), and 3 weeks
post-harvest (3PH). The average SILW increased in bqth populations as
the p;ants'matured from 2PH to harvest (Fiéure 1). - At harvest the
averége value for the MF population was 4.1 mg cm_z. Similar but
significantly lowér valueé.were obtained by MS at each of the. respective
sampling dates, 3.1, 3.2, and 3.8 mg cﬁ_z for 2PH, 3PH, and harvest,
respectively.' Speciﬁic leaf Wéight was significantiy different at the
99% confidéncé level in relation to harvest date (Table 3). The
variations exhibited follcwed-the seasoﬁal temperatures. Measurements
of SLW by Peaéce and Lee (1969) and Brickr(1975) showed higher values
in spéce plénted studieé. The discrepancy is probably due to greater
light infiltration.into'the élant canopy. - Cooper and Qualls (1967)
r6ported‘that thé ratio leaflet area to leaflet Weight (inverse- of SLW)
increased With inCIeaSed shading; Individual genotypes diéplayed

significant differences in SLW within a pbpulatiop (Table 3).
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Table 3. Suﬁmary of‘anélysis of VariancelbetWeen‘mulﬁifoliolate
' and Mesa-Sirsa for speeific leaf weight and CO2 flux
at three sampling dates for the 1976 season.

F_Sampiing,Daﬁe 

 Variable 4 . - . :
' Harvest 2 weeks post-harvest 3 weeks post-harvest.
SIW | , L \ % u | | ' g %%
AP L s NS
PIB A % NS X NS
DR NS+ NS NS

* Significant at the 5% level.
%% Significant at the 1% level.

4+ Non-significant at the 57 level.
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Figure 1. Average specific leaf weight of multifoliolate and Mesa-Sirsa alfalfa at five
harvest dates, 2 and 3 weeks post-harvest (2PH, 3PH) for 1976.
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' 'I;eaflé.l‘v'::'St'e'm-'-_.Peti_d.le (1./8)
The meaﬁ léaflet:stéméﬁetiole ratios for the Sik harvest dates
‘ wefé7.7;l éndj,Gfil for the ﬁultifgliolqte and frifolibléte 'Mesa—Sifsa"
pépﬁlations, resﬁectively (Fiéure 2). This difference was significant
at the 10Z%Z confidence level for the 1976 growing seasén. The seasonal
trend was similar to specifiec leéf weight. Values reported here are
- higher than th0se'§f a nonspace planted study of alfalfa feported‘bi
Delanmey (1972), but lower than those ffom a planted study of multi— 
foliolate alfalfa \(¢8:l) reported by Brick (1975); Brick also reportea
"~ that leaflet percentage on the pareqﬁ clones ranged‘from 41.2 to 51.4%.
These percenfages were alQO’hiéher than the 35.2 tb 47.6% range in MF
observed in this study. Leaflet percentage of-Mesé—Sirsa ranged from‘
36,4 to 46,5. The differénces in L/S befweenbspacea and nonspacéd
experiﬁén;s would grobably.be due to greater gibberillic acid break-

down in the nonspaced studies where light penetration would be greater.

 Leaf Area Index (LAI)

Leaf area index was caiculated"by the following equation:

percent leaves x dry weight of harvest strip (g_z)

specific leaf weight (g cm_z)
There were no significant differences in either percent leaves or dry
weight of the harvest strip, therefore the numerator for both MF and
M5 was esseﬁtiélly the same. The season trends for LAI are presented
in Table 4. The MF synthetic had a significantly higher SLW at each

harvest. The higher SLW value lowered the LAI in MF populations. The
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measured at six harvest dates in 1976.
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Table 4, Mean leaf area index for multifoliolate and Mesa-Sirsa
alfalfa at six harvest dates in 1976,

Harvest Date

Germplasm
- Source - ; -
April May - June July  Aug. Sept. Mean
Leaf area index
Multifoliolate 4.6a7  4.1a 3.7a 4.6a 2.9a 3.ba - 3.4a
Mesa=-Sirsa  4.9a ’4,2a 3.7a. 4.4a 2.9a. 3.8a  4.0a

+ Means followed by the same letter are not significantly different at
the 5% level according to Student-Newman-Kuel's multiple range test.
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range in LAT was from 3.39 to 4.00 for MS during the growing season.
TheséALAI values correspond Wéll with those of‘Wilfong‘etTalﬁjki967)
who repofted LAT values in alfalfé between 2 and 6. Joy:.et al. (1972)

also reported LAI values of 2.5 to 6 from a 2-year-old stand of aifalfa.

~ Protein
Averagé'crude protein measured at hafvést did not differ
'Significa@tly betWeen the two germplasm sources (Table 5). Multi-
foliolate synthetic population maintained.a trend of slightly’higher'
protein percentage than the MEsa—Sifsa'over the season (Table 5). The
éeasonal mean vg;ues wéfé 21.7 and 20;62 for the MF éynthetic and MS;
respectively. These values are higher tﬂan those reported by Smith
(1962) who found 15 to 18% protein at 0.10 to full bloom. Regional
and varietal differences could be major causes of this variation.
Proteiﬁ, leaflet:stemrpetiole.ratios;-specific leaf weights; and leaf
area index ére éll parameters that are used to measure qualit&i
ﬁobrenz, Schonhbrst, and Thompson'(1969) anélyzed the highest yielding
alfalfa cultivars in Arizona and foﬁnd protein of leaves ranged from
27.5 to 26.5% while protein of stems ranged from 11.6 to 10.5%. The
cultivar with the higher percentage of leaves and higher leaflet:stem—
petiole ratioé would be the variety with the greatest potential of

producing a higher quality crop.
Yield
There was no significant difference between the two germplasm

sources over the 1976 growing season in total dry matter produced
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Table 5. Average crude protein percentages for multifoliolate
and Mesa-Sirsa alfalfa at six harvest dates in 1976.

- Harvest Date

Germplasm" e _ v » v . _
Source Aprilv'. May Juner VJuly Aug. .Seﬁt.  Mean
T —
Mhltifolioléte 21.72 24,1a - 21,0é 21,1& - 21.7a 20.9a | 21.7a
Mesa-Sirea 2l.6a 22.8a 19.8a  20.8a 19.4a 19.2a  20.6a

+ Means followed by the same letter are not significantly different at"
the 57 level according to Student-Newman-Keul's multiple range test.
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(kg/ha). There was, however,.significant differences between popula-
tions among harvest dates (Figure 3). Moisture percéntages ranged
from 80 to 85%'ét harvest throughout the seéson and did not differ
between germplasm'soﬁrces, A midsumme? yield slump was observed in
August which was 1 month 1atef than normal. The delay Waé a result of
unseasonably‘rainy; coél weather in July. For>the vear, multifoliolate
~plots produced.an estimated 22605‘kg/ha which was 567 kg/ha ﬁore than
the 'Mesa-Sirsa' (MS) which yielded 22038 kg/ha. ﬁultifoliolate
alfalfa (MF) Waé a,éross between a northern ‘Ladak 65' and southern
Mesag-Sirsa (MS) and the influence of the northern genqu'was expressed
in the MF growing pattern. In the early months of'ﬁhe gfowing season
‘MF yiélded highef. In Auéﬁst.aﬁd September, MS prodﬁéed more forage
than MF. This shift in seasonal productivity could be used to achieve

a more uniform distribution of dry matter over a. growing season.

Correlations

Pearsdﬁ correlatibné at sampling times of hérvéét, 2 weeks
post-harvest (2PH), and_3 weeks post—harvestr(3PH) (Table 6) revealed
that as thé'plaq; maﬁﬁred the correlation between yield and apparént
photosynthééis;(AP) diminished to a nonsignificanﬁ ievel,. At 2PH. a
signifigantlédrfélation (r = .58%) gxiéted betwegn APr(mg.COZIdﬁfz
hr-l) ané_yield (kg/ha). This relatioﬁ diminished tor =_.45* a week
later, and at harvest the relation was no longer significant. Wilhelm

(1973), Delaney (1972), and Foutz_(l973) measured gas exchange rates

at harvest and found no significant correlation to yield when
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Table 6. Correlation coefficients among yield, protein, leaf area
index, and mean values of specific leaf weight, apparent
photosynthesis, post-illumination €O, bursts, and dark
respiration at harvest (H) and 2 and 3 weeks post-harvest
(2PH, 3PH) in 1976.

Post-

Specific Leaf  Apparent Photo- illuminatioan#®#* Dark
Weight .- 'synthesis €O, Bursts Respiration

H 2pH 3PH H 2PH 3PE H  2PH 3PH  H 2PH 3PH
: | ‘ . Correlation coefficients
Yield#** —.30% =32 ° .01 .04 .58% .45% -,10 .30 .15 -.12 =.32 .10

Protein+ =-.21 .03 .04 .40% .22 .14 .12 .19 -,19 .12 .10 -.12

Leaf Area ' ' : . : .
Index ~.82% ,27 .05 -.01 .47% 47% -.34 .44% 05 =,39% ,19. .03

% Significant at .05 level.
** mg CQ2 dm_2 hr-l

*%% kg/ha.

+ Percent crude protein.
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meaSurementS'were based on leaf.area basis. The enaleis of Varience
(ANOVA) (Table 3) indicated a significant difference‘Between genotypes
in apparent photosynthesis (AP) rates only'at‘harVest. Pearson
correlation‘coefficiente indicated that at 2:weeks post-harvest the
strongest cortelations occurred between CO2 inéorporation; apparent
photosynthesis, andrdry matter aocumulation.- Howetef, the anal&sis of
variance indicated that there were no. observable differences between
AP rates for the two gerﬁplasm sources. Therefore, selection of high
. yielding plants by aoparent photosynthetic rates would not be. feasible
based on mg CO2 dm -2 rfl, _ _ _

Apparent photosynthe31s (AP), post—lllumlnatlon CO2 bursts (PIB),.
and dark’ resplratlon (DR) were all more closely assoc1ated to each other
at harvest»than at the two dates before harvest (Table 7). These
significant correlations emong:l AP with PIE,_AP with RS, and PIB with
RS were also cbserved by Delaney (1972), and Leavitt (1975).

| ~ The strongest.correiation observed of all the parameters
measured was-between leaf area index (LAI) and sPecific leaf weight
i(SLW) (r =»r;82**)_(Table 6). This reiationship woold be.expected due -
to the manner in which LAI was estimated. Leavitt\(l975) reported a
signifioantlf-negative relationehip betweeo leaflet atea and SLW. Leaf
area index was significently correlated to appatent photosynthesis
(r = .47%) at both Zthand'éPH. Post—illumination CO2 burst was
significantly essociated with LAI only at 2PH. | |

| Correlation.coefficients between SIW and APvper unit leaflet

area were positive and nonsignificant at 2PH and 3PH but negative and



Table 7.

Correlation coefficients between apparent photosynthesis (AP), post-illumination COg

bursts (PIB), dark respiration (DR), and specific leaf weight (SLW) in multifoliolate

“and Mesa-Sirsa alfalfa at harvest (H) and 2 and 3”weeks-post—harvest‘(ZPH, 3PH) in 1976,

* Significant at .05 level.

ap* p1gt pR+

H 2PH 3PH H 2PH 3PH H. 2PH 3PH

(r) (r) () (r) (1) (r) (r) (r) (r)
sLw't -1l .06 .10 ~-.09 .30% 21% 28%  ,33% 31k
AP CL39% L26% .19 .28% .07 .18
PIB 54% .38k - ,25%
+ mg CO2 dm,—2 hr-l,
+ mg dmfzﬁ

€€
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nonsignificant at hafvest (TaEle 7). The negative and nonsignificanf
correlation at harvest are in contrast to Pearce et al,(1969). The
negative aséociation is in cbntrast to Wilhelm (1973) and Delaney
(1972).

A significant and positive associétion was obtalined between
protein and méan a?parent>ph§tosyﬁthgsis (r = .72*) at harvest. The
- correlation coefficient between yield and protein‘was nonsignificant
but negative. This would su?poft’the work of Dobrenz et al.-(l96§)
who showed that'increased”yieids were due to a_greater'increase in
stems rather than leaves. jhey further showed that'the'stém had only

half the protein of the leaf. Leaf:stem-petiole ratios were not

significantly related to any of the parameters measured.

4 Chlofophyll»and CarotinoidsA(ug/gm)

Chlorophyll content amoné the three plant sources exémined,
multifoiioiate multifoliolate ﬁMFm), multifoliblate-t:ifoliolate QFt),
and triféliate (TF), showed no significant differences in total pigment
content among the plant sources (Table 8). There was, however, a
strong linear trend (r = .99%%) for chlorophyll a (chl a) and carotinoid
pigmgnts which-increased from the top to lowéf'stem nodes. Chlorophyll
Ab (chl b) did not demonstrate this ﬁrend. A highly significaﬁt correla-
tion (r = .99%%*) for the linear relationship between leaf position and
pigment content. Cooper and Qualls (1%67) found a similar relationship
between sun and shade leaf pigments when chlorophyll content was

expressed as ug/gm leaf tissue. The sun léaves had less total pigment



Table 8. Average concentrations (ug/g dry weight) of chlorophyll a, chlorophyll b, carotinoids

from multifoliolate multifoliolate (MFm), multifoliolate trifoliolate (MFt) and

trifoliate Mesa-Sirsa (TIF) at 3 leaf positions.

Germplasm Source

MFm

MFt

TF

Leaf position

. Pigment. . Top

Leaf position

Leaf positioh

"Mid. Bot. Top Mid. Bot. Top Mid. - Bot.
Chlorophyll a - o
(vg/g) 3.4 4.1 4.2 3.3 3.6 3.6 3.4 - 3.4 3.9
Chlorophyll b : ' : :
(ne/g) 1.4 1.2 1.5 0.9 1.1 1.1 1.1 0.9 1.1
Carotinoids
(ug/g) 1.0 1.2 1.2 1.0 1.7 0.9 1.1 1.1

1.0

ce-
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‘than the'Shadealeaves} When'chlorophyllgcbntent was eipréséed as
mg/dﬁz the SUﬁ plants.contained'hiéhéé conceﬁtrations of chlofophyll.
These resedrchers also measured transvefse sections of the leaves and
found that the éun leaf had a more clearly différentiated palisade
layer than the shaae leaf. - : . )

The dafker leaf color ébserved-in the MF'popuiations céuld‘be
. a result of higher chlorophylllcontent, if expressed as mg dm—.2 or a
result of‘é greater amount of light reflected due to the thickerﬂ
leaves, as meaéured:by speéific leaf weight. | | |

Pearson‘correiation cqefficients revealed that chloroéhyll a
content could be used to prediét ghl'b and carotinoid conténts. How-
ever, chl b cogtent alone could not be gsed to predict carotinoid

content.



SUMMARY AND CONCLUSIONS

Mhltifoliélate ana '"Mesa-Sirsa’ alfaifa‘populétions were
evaluated for rates of'CO2 exchange, morphological.characteristics,
yield, and chloropﬁyll éontentw In the multifoliolate populatious,
35% of the plénts exhibited the multileaflet trait. |

Multifoliolaté alfalfa maintaihed significantly higher épparent
photosynthetic énd post-illumination burst rates at each of six |
harvests. Average yield4for each population over the enti;e éeason
folloﬁedba trend siﬁila; to that of ambient temperature and Cdz flux.
Highest yields and CO2 eﬁchange océurred when ambient temperatures
were cool. The unseasonai summer rains.and'cool tempgraturesAin”July
would explain the delayed mid-summer yield sluﬁp Which is a generaliy

_accepted chéractefistic of alfalfa production in lower Arizona.

Léaf area index éﬁd specific leaf weight were negatively
(r = -.82%) assoQ?ated with C02 éxchange at ﬁarvest. Yiel& was
negativeiy associated ﬁithvspecific léaf weight. Specific leaf weight
was significantly highef in multifoliolate plants;‘.

Protein content did not differ between the multifoliolate and
'Mesa-Sirsa' populations, but the multifoliolate synthetic tended to
be slightly higher in protein content at each harvest. Proﬁein per-

centage was significantly correlated with apparent photosynthesis at

harvest time (r = ,40%),

37.
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’Léaflet'to stem petiqié‘ratios Were.signifiééntly higher in tﬁe
o multifolibiétg populations for;the season. Thé’mﬁltifolidiate Syn2
élfalfa produced higher 1eaflet'fo stem-petiole fatiés at four of theA'
.sii harvesésJ Né'cbrrelationg'e%isted between lééflef,to stem-petiole
ratios and thevother parametérs measured.

-, Chlorophyll a and caréfinoid coﬁtenté (ng/g) differed signifif
. cantly at.the-threé ﬁositioﬁsjéf thé plants tested, Hiéhést'total
pigment contents were found in the 1éwer fullj éxpan&ed 1eavgs and :
decreased 1i1;1e'érly to the top'.leaf,lets.l Thé linear i:rerid ;c.cou'nted_
for 99% of the variation for éhlorophyll'a'and carbéihoids;v Signifi;
cant correlations existed among chlﬁrophyll é and‘chlorophyli.b,
’ Chlorophfll a and carotinoids,-Bﬁt not‘BetWeén.chiorophyll b and
carotinoids. There Waé no éignificant difference between. total pigment
content in multifoliolate multifoliolate, multifoliolate trifoliate,
and trifoliate MEéa—Sirsa plants, The color difference observed .
 between these germplasm‘soﬁrces.could have beeﬁ due to the aﬁount of
Aligﬁt reflected or'by the highervspecific leaf weight-of thé multi-

foliolate populations.
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