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ABSTRACT

Forty alfalfa genotypes were selected for their 
large primary leaflet area and forty for their small 
primary leaflet area in the spring of 1974, At each of five 
harvest dates» primary leaflet area, yield, and. leaflets 
stem petiole ratio, and several physiological and morpholog
ical characteristics were measured on both large and small 
leaflet genotypes.

Primary leaflet area was largest in the large 
leaflet genotypes at all five harvest dates. Yield was 
significantly higher in the large leaflet genotypes at the 
spring harvest and when data were combined over all har
vests, Leaflets stem petiole ratio was lower in the large 
leaflet genotypes than in the small at three of four 
harvest dates, CC^ flux was non-significantly higher in 
the small leaflet genotypes compared to the large.

Primary leaflet area and yield were positively and 
significantly correlated at the first harvest and when 
data were combined from all the harvests. Both primary 
leaflet area and yield were negatively but weakly associated 
with net photosynthetic rates.

The identification of higher-yielding alfalfa 
germplasm by visual selection for. large primary leaflets

ix



could be used to increase alfalfa yields during periods 
of optimum growth0



CHAPTER I

INTRODUCTION

The selection of crop genotypes with characteristics 
advantageous to yield has been advocated as a means of 
increasing crop yields by many workers„ They assume that 
certain model characteristics will give a yield advantage 
over any possible alternative characteristics. Donald 
(1968) cites some examples of model characteristics whose 
value have been generally recognized and accepted. These 
include, resistance to lodging through a stout stem; awns 
on the florets of barley and wheat; and erect foliage in 
rice. Other high-yield model characteristics have been 
proposed, though they have, as yet, only found limited usage 
and acceptance. These include, selection for low CO2  

compensation points to increase photosynthesis (Decker,
1974); increased mitochondrial efficiency (McDaniel, 1973); 
increased specific leaf weight in alfalfa leaflets (Pearce, 
et al. 1969); and increased leaflet size in alfalfa 
(Delaney, 1972; and Delaney and Dobrenz, 1974a),

Further investigation into each of the above plant 
characteristics is needed to determine their future accept
ability as high yield model characteristics. Selection for 
leaflet size in alfalfa would be faster and easier than



selection for any of the other characters„ If leaf size 
is associated with yield, plant breeders and physiologists 
could screen entire fields of alfalfa for high yielding 
genotypes. These genotypes might then be combined into 
high yielding cultivars.

This study was divided into two separate experiments 
with the following objectives (a) to estimate the effects of 
primary leaflet area on the total leaf area, specific leaf 
weight, leaflets stem petiole ratio, stem number, stem 
length, and total dry matter production in alfalfa and (b) 
to determine the relationship between leaflet area and 
physiological characteristics associated with CO2  exchange.



CHAPTER II

REVIEW OF LITERATURE

Leaflet Size and Crop Yields 1
Watson (1952) stated that changing leaf size should 

be a major goal of plant breeders„ This goal may not be 
desirable in all crops, but it is in many of them. Delaney 
(1972) found that» in thirteen alfalfa (Medicago sativa L.) 
clones, leaflet width (the only components of leaflet area 
measured) differed more than 100 per cent. He also found 
that leaf width was significantly associated with yield at 
three of four harvest dates. ,He also reported that the 
leaflet width of alfalfa was more strongly associated with 
yield than any other morphological of physiological 
parameter he measured.

Cope and Rawlings (1970) separated crownvetch 
(Coronilla varia L.) plants into two distinct groups 
according to their leaflet size. Yield was not signifi
cantly different between the large and small leaflet groups. 
When crossed within and among themselves, the large leaf x 
large leaf group yielded more than the small leaf x small 
leaf group but less than the small x large leaf progeny.
This indicated that selection in crownvetch for leaf size 
can increase crownvetch production. Moss (1960) found no



differences in photosynthetic rate among inbreds and single 
crosses in corn (Zea mays L„), He decided that hybrid 
vigor was caused by the greater leaf area of the hybrids. 
However, Heichel and Musgrave (1969) criticized his methods 
of measuring photosynthetic rates and disagreed with his 
conclusions, Whigham and Woolley (1974) found that a 
horizontal leafed corn type yielded more than its smaller 
leaf, vertical leaf counterpart, Johnson (1973) reported 
that leaf area in corn was significantly correlated with 
grain yield at LAI values below 5,0; Johnson (1974) later 
reported that the leaf area of leaf number +6 (with respect 
to the corn ear) was correlated with weight per kernel and 
that the leaf area of leaf number -4 was correlated with 
kernels per row,

Andries et al. (1969) found significant increases in 
yield with okra (small) leaf vs, normal leaf cotton 
(Gossypium hlrsutum L,). ICarami and Weaver (1972) also 
found that the okra leaf shape produced a higher seed cotton 
yield than the normal leaf shape. They found that the okra 
leaf had a 13 to 15 per cent increase in harvest index over 
the normal leaf, Buxton and Stapleton (1970) using computer 
simulation, predicted that the okra leaf type should have a 
5 per cent increase in net photosynthesis per unit leaf 
area.



5
Donald (1968) described a desirable wheat (Triticum 

aestlvum L,) "ideotype" as having many small erect leaves» 
a shortf strong stem, and a large ear. Evans and Dunstone 
(1970, p. 725), in comparing twenty-one lines of wheat 
(wild and cultivated diploids, tetraploids, and hexaploids), 
found that "there was a close relation between the area of 
the largest leaf on the main stem and the weight of the ear 
and of the individual grains it supported." They added 
that evolutionary development in wheat has increased both 
the leaf and the grain size while decreasing the rate of 
photosynthesis per unit leaf area. Voiding and Simpson 
(1967) found an association (r=„70) between grain yield 
and flag leaf area in seven wheat lines. Simpson (1968) 
found a close association between grain yields of potted 
wheat plants and their flag leaf area. Hsu and Walton
(1970) found that grain yield was not only correlated with 
yield components (i.e.,kernel number and 1000 kernel weight) 
but also with flag leaf breadth and flag leaf sheath length 
in spring wheat. They also indicated that broad flag leaves 
also tended to be long ones.

A relationship between large flag leaves and yield 
has also been reported in barley (Hordeum vulgare L.).
Yap and Harvey (1972) found significant relationships 
between flag leaf area, and grain yield in barley in both 
1969 and 1970. They also found that the photosynthetic 
areas above the flag leaf node, (i.e., the flag leaf, head



area, and awns) made a larger contribution to grain yield 
than the components of yield. They also stated that selec
tion for morphological traits, because of the ease and 
precision of the measurements, would give greater and 
faster yield increase than selection for yield components.

Berdahl, Rasmusson, and Moss (1972) measured grain 
yield in isogenic barley lines that differed only in flag 
leaf size. They found that the barley isoline with large 
leaves produced greater kernel weights per culm, indicating 
that the large flag leaf provided more carbohydrates to the 
ear. The small isolines, however, allowed 19 per cent more 
solar radiation to penetrate to a point 30 cm, above ground 
level than the large isolines. This increased light pene
tration, stimulated more tiller development in the small 
leaved isolines, and increased yields under normal condi
tions. When the plants lodged, however, the large-leaved 
barley isoline produced more grain than the small.

Tanner et al, (1966), in Ontario reported a rela
tionship between high yields and small flag leaves in wheat,
oats (Avena sativa L,) and barley. They found that high

( '

yielding varieties had narrow, upright leaves and low 
yielding varieties had broad, flappy leaves. When they 
ranked three hundred oat, barley, and wheat varieties in the
Guelph breeding nursery for yield on the basis of leaf size

\

and angle only, they ranked all fifty of the highest



yielding cultivars correctly except for two. They concluded 
that for Ontario conditions, small leaf size and high leaf 
angle could provide a useful criterion in grain yield 
selection. Tsunoda (1964) found that rice (Oryza sativa L.) 
cultivars adapted to modern production practices, (i.e., 
high fertility and density), have short erect stems and 
short erect leaves„ Tanaka, Kawano, and Yamaguchi (1966) 
stated that leaf size in rice is determined by leaf length, 
and that rice cultivars which were responsive to nitrogen 
had short erect leaves„ Various models of crop growth have 
shown that a canopy of many small leaves will produce more 
dry matter than canopies made up of a few large leaves. 
Wilson (1960) and Kasanga and Monsi (1954) calculated that 
numerous smaller leaves will produce a more scattered leaf 
distribution in the canopy than fewer, large leaves. This 
will give the smaller-leaved canopy a more uniform light 
distribution, less leaf overlapping, and less light pene
tration to the ground. Tsunoda (1964) stated that when 
leaf mass in a crop canopy is restricted, a few large leaves 
would intercept more light, and produce more dry matter than 
many small leaves, He further stated, however, that when 
leaf mass in a canopy was large, such as with heavy fertil-. 
ization, then smaller leaves are advantageous.

Many of these correlations between yield and leaf 
size have only limited applicability to field-grown alfalfa.
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Delaney worked on space-planted cloned material (Delaney, 
1972$ Delaney and Dobrenz, 1974a, 1974b; and Delaney,
Dobrenz and Poole, 1974), Much of the other work was done 
with potted plants, in the greenhouse (Cope and Rawlings 
1970, Fowler and Rasmusson 1969), The physiology of cloned 
material could be substantially different than, that of 
seeded alfalfa because the tap root of the seeded alfalfa 
is replaced in the clone by a fibrous root system. Also,
Yap and Harvey (1972), warned that extrapolation made ftom 
space-planted conditions may not apply to a solid seeded 
condition,

Donald (1968) indicated that there may be a negative 
relationship between ability to produce under space-planted 
and field conditions. He maintained that under field con
ditions, in order to maximize yield, that inter-plant 
competition should be at a minimum. Since this requires 
genotypes of weak competitive ability, they would be over
shadowed by strong competitors under space-planted condi
tions, Delaney (1972) found that, though there was a large 
decrease in yield when alfalfa clones grown under space- 
planted conditions were grown under non-space-planted 
conditions, their relative ranking for field was the same.

Components of Forage Yield
Three important factors influencing forage yield 

are$ the rate of photosynthesis per unit leaf area, the



size of the individual leaf, and the total amount of leaf 
area per plant.

Zelitch (1971) described photosynthesis as a COg 
diffusion process where the rate of CO^ uptake by a leaf 
is inversely proportional to the diffusive resistance of 
the leaf. He divided this total leaf diffusion resistance 
into boundary layer resistance, stomatal resistance, and 
mesophyll resistance. Zelitch (1971) defined the boundary 
layer resistance as the resistance offered by the thin layer 
of motionless air next to any surface at any wind speed.
He stated that this resistance is proportional to the square 
root of the leaf width. Buxton and Stapleton (1970) 
calculated that if no other genetic or phenotypic difference 
exists between the okra leaf and normal leaf of cotton 
except leaf shape and size, then the okra leaf should have 
the advantage in photosyntheses because of its decreased 
boundary resistance. Criswell and Shibles (1971) found that 
the boundary layer resistance ranged from 0.80 to 1.02 
sec/cm in oats and differed significantly among genotypes. 
They found that the highest boundary resistances were 
generally associated with large, broad leaves and the lowest 
resistances with small, narrow leaves.

The importance of the boundary layer resistance is 
probably minimal in crop production. Zelitch (1971) cal
culated that, at very low wind speeds, the boundary layer



resistance would account for no more than 20% of the total 
diffusive resistance. As the wind speed increased, it would 
fall to less than 10% of the total resistance. Since the 
boundary layer resistance is inverseley proportional to the 
wind speed, Wadsworth (1960) estimated its effect by cal
culating the relative growth rates of young plants after 
they were placed in conditions of constant wind velocity of 
30, 70, 170, and 400 dm/sec. He found no differences in 
relative growth rate and therefore concluded that the 
boundary layer resistance must be small when compared to the 
total diffusive resistance.

The second resistance to CO^ diffusion through the 
leaf is the resistance offered by the stomates. It is 
dependent upon the length of stomates and the frequency 
of stomatal distribution (Zelitch 1971). Zelitch and 
Waggoner (1962) reported a negative correlation (r=-„86) 
between stomatal resistance and photosynthesis in tobacco 
(Nicotiana tobaccum L.), Miskin, Rasmusson and Moss (1972), 
however, reported that stomatal frequency did not affect 
the photosynthetic rate of barley. Cole and Dobrenz (1970) 
reported the stomate frequency in alfalfa leaflets decreased 
from the first fully expanded leaves through the leaflets on 
the next three nodes. They did not attribute this decrease 
to either an increase in leaflet size or leaflet age. 
Shearman and Beard (1972) also found higher stomatal fre
quency on younger leaves.



11
Leaf size may exert some influence on the mesophyll 

resistance to COg diffusion. This influence would be 
through an effect of leaflet size on the specific leaf 
weight (SLW = units leaf dry matter per unit leaf area) 
and the internal anatomy of leaves. Within the alfalfa 
cultivar 'Mesa Sirsa', Delaney (1972) reported that small, 
narrow leaves were thick and had a high SLW, while the 
large, wide leaves were thin and had a low SLW, He also 
found a strong association (r = ,80**) between SLW and leaf 
thickness. There were significant correlations between 
leaf SLW, leaf thickness and palisade cell number per mm 
of leaf cross section, Pearce et al, (1969), examining SLW 
and leaf area among cultivars reported that SLW and leaf 
area were under independent genetic control. They reported 
observing, all possible combination of the two traits among 
cultivars. It has often been reported that an increase in 
SLW, leaf thickness, or palisade and mesophyll cell-number 
is associated with a decrease in mesophyll diffusion 
resistance and an increase in photosynthetic rate per unit 
area, Criswell and Shibles (1971), studied genotypic 
variation and net photosynthesis of oat leaves, and ex
plained that the genotypes with a high SLW had a 
significantly lower residual resistance than genotypes with 
low SLW (r = -0,55 in 1969), They also reported that SLW 
correlated well with photosynthetic rates and leaf
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thicknesso A positive and significant correlation between 
photosynthesis and photorespiration indicated that the 
low diffusive resistance to CC^ entry into a leaf meant 
low resistance to CO2  exit,

Holmgren (1968) compared ecotypes of Solidago 
virgaurea L„ from shaded and exposed habitats, and reported 
that the mesophy11 resistance was negatively associated with 
dry weight per unit leaf area, Ghosh:(1973) working with 
apples, (Malus sp,) found that the thicker leaves of long 
vegetative shoots had high photosynthetic rates as well as 
more and longer palisade cells than thinner spur leaves.
He also reported that thicker leaves had more highly 
developed palisade parenchyma and better light absorbing 
capacity than spur leaves, Dornhoff and Shibles (1970) 
reported a correlation (r = .47) between mesophyll resis
tance and photosynthetic rate in soybeans, (Glycine max L„ 
Merrill), They hypothesized that the low mesophyll 
resistance could be accounted for by the existance of more 
internal cell surfaces per leaf, or by a higher surface 
area to volume ratio per cells, Murata, lyama, and Honma 
(1965) also found that low SLW in rice was associated with 
low photosynthetic rates,

Carlson et al, (1970), reported a positive 
relationship between the thickness of the palisade and the 
mesophyll cell layers and photosynthesis in alfalfa.
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Pearce et al. (1969), showed that SLW and photosynthesis 
were positively correlated for thirteen alfalfa clones.
They reported that the SLW-photosynthesis relationship 
was the same whether SLW was influenced by genetics or 
environment. In their work, variation in SLW accounted 
for 64% of the variation in photosynthesis, Wilson and 
Cooper (1969) reported that the thin leaves had the 
highest SLW in Lolium species, and that SLW was positively 
correlated with both cell numbers and light-saturated 
photosynthesis per unit leaf area. Unlike other 
researchers, El-Sharkaway and Hesketh (1965) reported a 
negative correlation (r = -,50**) between photosynthetic 
rate and leaf thickness. They hypothesized that if 
diffusion paths are shorter in thin leaves then a negative 
association between leaf thickness and SLW should be 
expected, Thorne (1960) compared the net assimilation 
rate of sugarbeet (Beta vulgaris L.), potato (Solanum 
tuberosum L.), and barley, and found that though there were 
great differences in photosynthesis per unit leaf area 
between species, their photosynthetic rates per gram of 
dry matter per leaf was about equal. She concluded that 
the main difference between net assimilation rate among 
different species could be attributed to differences in 
SLW.

High rates of photosynthesis per unit leaf area 
have not been found to consistently translate into higher



crop yields, Hanson (1970), reported that photosynthetic 
rate in juvenile maize plants were negatively correlated 
with production. He attributed differences in production 
to the larger leaf area of the higher-producing genotypes. 
He concluded that selection for yield using high photosyn
thetic rates could actually result in lower yields,
Zelitch (1971) cites-many workers who have found that corn 
a plant, has twice the photosynthetic rate per unit 
area of Cg plants, such as sugarbeet, Snyder (1974) 
reported that, except for the first fifteen days of growth 
the relative growth rate (for leaf area) of sugarbeet 
slightly exceeded that of maize. He also calculated that 
because of sugarbeet has a longer growing season than 
maize the caloric values of the maize stover and grain was 
only 34 per cent of the caloric value of the shoot, beet 
pulp, sugar, and molasses of the sugarbeet. It is obvious 
that the dry matter production is dependent upon much more 
than the amount of CC^ intake per unit leaf area of each 
leaf. It will also depend upon the total amount of leaf 
area per leaf, the total amount of leaf area per plant, 
the number of plants per unit ground surface, and the 
length of time the leaves can photo synthesize., (i. e, , 
length of growing season),

The total photosynthesis per leaf will be the 
product of the photosynthetic rate per unit leaf area, and



the total area per leaf. Muramoto, Hesketh and Elmore 
(1967) found that the interspecific cotton hybrid with a 
higher rate of photosynthesis per unit leaf area than its 
parents, also has a higher relative leaf growth rate. 
Heichel (1971) reported that between corn inbred lines Wf9 
and Pa83, the latter had both the lowest rate of dark res
piration and the highest relative growth rate. Evans and 
Dunstone (1970) found that the larger leaf area of modern 
wheats more than compensated for the high rates of photo
synthesis per unit leaf area found in the smaller-leaved 
primitive wheats. They concluded (pp. 230) that' during 
the course of evolution, "photosynthesis per flag leaf area 
had risen considerably." They also found that the rates of 
photosynthesis, per unit leaf area, were inversely related 
'to the area of the flag leaf blade, Kumakov (1972) also 
studied wheat evolution and came to the same conclusion.

In barley, however, Berdahl et al„ (1972) found 
conflicting evidence of the effect of the flag leaf size on 
total photosynthesis, In the laboratory they found that 
total photosynthetic activity was about twice as great in 
larger flag leaves than small. In the field, however, 
they could find no differences between the total photosyn
thetic rates of the two canopies„ In alfalfa, Delaney 
(1972) reported a significant negative correlation between 
leaf width and photosynthetic rates in five out of six



harvests0 Since he also found that leaf width was posi
tively correlated with forage yield, the increased leaf 
area of the wider leaves must have been more important 
than the higher photosynthetic rates of the smaller leaves„ 
He did not, however, find a correlation between area per 
leaf and total apparent photosynthesis per plant„ Yoshida 
(1972) suggested that the dry matter produced per plant 
should be correlated with the total photosynthesis per 
leaf, or, the product of leaf area and photosynthetic rate. 
The total CO2  uptake per plant of alfalfa was highly 
correlated (r =,91** and ,96**) with total leaf area per 
plant at two harvest dates (Delaney, 1972; Delaney and 
Dobrenz, 1974a), These researchers also found a strong 
correlation (r = ,96** and ,93**) between yield and total 
CO2  uptake per plant at two harvest dates,

Foutz (1973) also reported that the total apparent 
photosynthesis per plant was significantly related to 
yield of alfalfa in both 1971 and 1972, He also found an 
association between total CO2  incorporation per plant and 
total leaf area per plant, Foutz (1973 p,65) stated "the 
highest yielding plants incorporated 52 per cent more CO2  '
per plant than the lowest yielding plants in 1971, and 78 
per cent more in 1972 when averaged over all harvest dates."

Smith, Moss, and Bula (1964) found that a high 
correlation existed between LAI and accumulated yield
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(LAI = units of leaf area* one side, above units ground 
area), Greater total leaf area may well be desirable in 
alfalfa. Stanhill (1962) measured the amount of solar 
radiation that reaches the soil surface beneath an alfalfa 
canopy and estimated that alfalfa intercepts only about 
33 per cent of the incident light during growth. Since 
King and Evans (1967) found that net photosynthesis in 
alfalfa continued to rise, though slowly, until LAI values 
of 10, there is little danger of surpassing the optimum 
LAI in alfalfa.

Fowler and Rasmusson (1969), found large correla
tions between area of leaves on the same culm of barley.
They also found that corresponding leaves on two culms of 
the barley plant had corresponding leaf area. Barley 
lines with a large flag leaf would therefore tend to have 
large leaf area per plant. Karami and Weaver (1972) 
compared okra leaf with normal leaf in cotton and found 
that the normal leaf plant had significantly higher leaf 
area per plant than did the okra leaf. Dobrenz, Cole and 
Massengale (1971) reported no significant differences in 
total leaf area per plant among seven alfalfa cultivars 
grown in growth chambers. Johnson (1973) reported that the 
total leaf area per plant was genetically correlated with 
grain yield of corn.
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Environmental Effects on Leaflet Size 
Alfalfa suffers a summer slump" in production 

throughout a great part of the Southwest, Robinson and 
Massengale (1968) reported a decrease in forage yield and 
LAI as minimum temperatures increased during the summer.
As minimum temperatures decreased in the fall the forage 
yields and LAI increased slightly, Robinson and Massengale 
(1967) also reported that alfalfa leaves grown during the 
summer (July 16 to September 15) reached a maximum size of

J160 mm per leaf. Leaves measured during the spring
(April 1 to July 15) and fall (September 16 to November 30)

2reached a maximum size of 200 mm , They attributed the . 
large leaves of the spring and fall periods to the cooler 
temperatures, Delaney (1972) reported a yield and LAI 
decrease during the summer that continued into the fall.
He stated that the decreased LAI in the summer could not be 
attributed to a decrease in leaflet size. Wolf and Blaser
(1971) attributed the low yield of alfalfa during the 
summer to low leaf area and low rates of leaf expansion in 
alfalfa canopies. They concluded that selection for alfalfa 
genotypes that produce large leaves during the summer would 
result in increased dry matter production, Pulgar and Laude 
(1974) attributed the decrease in alfalfa yield during the
summer to the above optimum temperatures that exist,

//
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Bula (1972), using alfalfa grown in growth-chambers, found 
that leaflet area, total leaf area per plant, cell size, 
and intercellular spaces were greater at 20 or 25 than at 
35 C. He reported that SLW was greatest at the higher 
temperature. Smith and Struckmeyer (1974), also using 
growth-chambers, found that both leaflet size and SLW were 
larger in alfalfa grown at lower temperatures, Delaney, 
Dobrenz and Poole (1974), using field grown alfalfa, also 
reported a decrease in SLW during the hot summer in Arizona, 

Parkhurst and Loucks (1972), using computer 
simulation, attempted to calculate the optimum size of 
single leaves in any given environment. They assumed that 
the "best" leaf size would be that leaf size giving the 
greatest water-use efficiency for a given temperature and 
light intensity. Their model does not predict actual leaf 
size, but rather trends in leaf development. They estimate 
that when light intensity and air temperature are high, 
the smaller leaves will be "optimum"„ They calculate that 
larger leaf area will only fit their definition of "optimum" 
when air temperatures are high and the light intensity is 
low. If their definition of "optimum" leaf size is correct, 
then alfalfa leaves should be larger during the spring and 
fall than during the summer, This is observed frequently 
under field conditions in Arizona, They did not, however, 
determine whether leaves giving the greatest water-use
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efficiency will also produce the greatest amount of dry 
matter per unit land area.

The effect of the environment will have upon leaf 
size will also depend upon the previous environmental 
adaptation of an organism. Bjorkman and Holmgren (1963) 
compared the environmental effects of ecotypes of 
Solidago virgaurea L, from exposed and shaded habitats.
When the two ecotypes were grown in weak light, the leaf 
size of the shaded habitat ecotype was twice that of the 
ecotype from the exposed areas. The leaf area of the 
exposed habitat ecotypes doubled when placed in strong 
light, however. Leaflet size is also affected by nutri
tional status of the plants. Cooper, Blaser, and Brown 
(1967) reported that the leaf area, SLW, and stomatal 
number and aperture of alfalfa were highest in a high 
potassium environment. McCree and Davis (1974) found that 
leaf area of sorghum (Sorghum bicolor L,) decreased with 
increasing water status.

Heritability of Leaflet Size
Fowler and Rasmusson (1969), used the parent-progeny 

method and reported that the heritability of leaf area was 
.18 to .73 for the Fg and F^ plants of barley, respectively. 
They estimated the heritability of leaf area to be from 
.24 to .49 on the family plant basis. They estimated the 
gain in leaf area for each generation of selection in barley
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to be 41 per cent and 20 per cent for the flag leaf, and 
the first leaf below the flag, respectively.

Yap and Harvey (1972) reported that the change in 
photosynthetic areas above the flag leaf node of barley 
was mainly influenced by additive gene action. They stated 
that, for flag leaf breadth, neither dominance nor maternal 
effects were present. They found that dominance was fu,ll, 
or nearly full, for flag leaf length, Hsu and Walton (1970) 
compared the influence of yield components with flag leaf 
size in spring wheat and found no genetic barriers to the 
combining of the ideal characters from diverse origins.
Cope and Rawlings (1970), who compared two crownvetch 
populations of differing leaf size reported that the 
phenotypic general combining ability estimates should 
facilitate change in leaf size by selection, Liang et al, 
(1973) found that heritability for total leaf blade area 
in sorghum was high, Mishra and DroIsom (1972) reported 
that the heritability estimates for leaf length and width 
in Bromus inermis indicated that substantial.alterations 
of these characters should be possible by selection. 
Estimates of the heritability of leaflet size, especially 
in forage crops has been limited.



CHAPTER III

MATERIALS AND METHODS 

Experiment I
The materials used in Experiment I were field grown 

alfalfa plants located in a two-year - old border of certi
fied 'Hayden' alfalfa (Medicago sativa L.) at the Campbell 
Avenue Farm of The University of Arizona, Tucson, Arizona, 
Forty plants (genotypes) with large primary leaflets, and 
forty genotypes with small primary leaflets were visually 
selected at random from a dense stand in the field. Thus, 
the experimental material was a group of alfalfa genotypes 
representing a gradient of primary leaflet areas growing 
under natural field conditions, A primary leaflet was 
defined as a leaflet originating on a main culm. It did 
not include leaflets originating in the axil of other 
leaves. A numbered stake (15 cm long, 2.5x2,5 cm square 
on top), with top painted red, was placed flush with the
iground and about 6 cm to the north of each genotype,
A numbered, colored flag (yellow for small leaflets, orange 
for large? 9x6 cm plastic flag on a 50 cm wire) was inserted 
into a hole that had been drilled in each stake. The stakes 
served to locate each genotype after harvest and the flags 
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to locate them during regrowth. At each of the five 
harvests in 1974 (May 10, June 13, July 10, August 8, 
September 16), just before the entire field was cut, all 
of the plant material (6 cm above ground level) of the 
eighty genotypes was harvested. The average primary 
leaflet area, total leaf area per stem, the leaflets stem 
petiole ratio and the specific leaf weight (SLW) was 
estimated from one stem of each genotype picked at random. 
The area measurements were made using,a light sensitive 
automatic area meter from the Hayashi Denko Co., Ltd., 
Tokyo, Japan, The average stem length was estimated with 
a meter stick, the number of stems per genotype was 
counted, and the total green matter dried and weighed.
The total leaf area per plant was calculated according to 
the following formulas

Per cent leaves by weight x total dry matter/plant
Average SLW/plant 

The data were analyzed two different ways by the 
Statistics Laboratory of the Arizona Agricultural 
Experimental Station. First, means of the large leaflet 
group were compared with means from the small leaflet group 
at all five harvest dates, and combined over all five - 
harvest dates, for all parameters measured. Second, both 
groups were combined and correlation coefficients were 
calculated between all combinations of the parameters
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measured at each harvest and over all harvests combined.

Experiment II
Twenty-eight genotypes (thirteen small leaflet 

and fifteen large) previously identified in Experiment I 
were used to evaluate the relationship between leaflet 
size, photosynthesis and respiration. The twenty-eight 
clones were selected because they had leaflets demonstrating 
extremes in leaflet size at the beginning of the 1974 
season. The same twenty-eight genotypes were used to 
measure CO2  exchange at every harvest in 1974.

On both the second and third days before each 
harvest, one stem was cut from each genotype. Each stem 
was cut in late afternoon and immediately placed in a 50 
ml bottle filled with water and set in the dark. After 
equilibration in the dark for ten hours, and without any 
prior illumination, a dark respiration was measured on 
all stems. Each stem was then illuminated for 15 to 20 
minutes in order to open the stomates and allow the stems 
to reach their maximum rates of photosynthesis. The net 
photosynthesis, in the light, and the post-illumination 
burst and dark respiration after exposure to light were 
measured on each stem. The average primary leaflet area, 
total leaf area per stem, and SLW was then measured on 
each of the stems used in Experiment II, This was in 
addition to the estimates for the same quantities in
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Experiment I. The CC^ fluxs were expressed on both a mg

o -1 - l - lC07dm" leaf area hr” , a mg C07 leaflet” hr” , and a mg
-1 -1 CC> 2 plant hr basis.

The CO2  exchange rates were measured with a closed 
system, connected to a Beckman 215 Infrared Gas Analyzer,
The stems were placed in an illuminated glass chamber 
(6 x 30 cm) and the air in the chamber (ambient air) was 
pumped through the gas analyzer and back into the chamber.
A 1,5 x 20 cm tube filled with silica gel (6 to 16 mesh) 
was placed in the system to remove moisture from the air 
before it moved into the gas analyzer. The source of 
illumination was a bank of seven 500 watt flood lamps 
producing 54.9 klux. The lamps were immersed in a water 
bath that was 15 cm deep for temperature control.
Temperature control was not perfect, and may have caused a 
slight variation in the measurement of CC^ flux. This same 
system was used by Delaney (1972) and Foutz (1973) in 
their research. Other variables were calculated from the 
measurements of" photosynthesis, post-illumination burst, 
and dark respiration per unit leaf area. Photorespiration 
(respiration occuring only in the light) was calculated as 
the rate of post-illumination burst minus the rate of dark 
respiration after illumination. Gross photosynthesis 
(rate of net photosynthesis corrected for respiration 
losses) was calculated as the sum of the rates of net
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photosynthesis and post-illumination burst. Rates of CO2  

flux were also calculated not just on a per unit leaf area 
basis, but also on a per leaflet and a per plant basis as 
follows:

x dm^leaflet"* = mg CC^leaflet"*hr"*
mg CCudnT^hr”*

2 -1 -1x dm plant = mg CC^plant" hr"

The data were analyzed as in Experiment I. A mul
tiple regression analysis was also made between various 
morphological and physiological parameters measured.



CHAPTER IV

RESULTS AND DISCUSSION

Experiment I
Primary leaflet area was positively associated with 

forage yield (g/plant) and negatively associated with 
forage quality (leaflets stem petiole ratio) for eighty 
alfalfa genotypes in the spring of 1974 (Table 1). Over 
the entire growing season, alfalfa genotypes selected for 
large leaflets in the spring averaged larger leaflets, 
greater yield per plant, and lower quality (leaflets stem 
petiole ratio) than genotypes selected for small leaflets 
(Figure 1)„

Alfalfa genotypes selected for large leaflets 
maintained a significantly higher leaflet area than gen
otypes selected for small leaflets at four out of five 
harvests dates in 1974 (Figure 1), Leaflet area for the
large leaflet genotype over the entire growing season, 2,1 

2cm , was also significantly greater than the overall mean
2of the small leaflet genotypes, 1.4 cm (Figure 1). The 

difference in mean leaflet size between the two groups was 
greatest at the first harvest and decreased during the 
growing season (Figure 1). The decrease in leaflet area 
for the large leaflet genotypes was significant at the ,05
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Table 1. Correlation coefficients of average primary leaflet area with yield
and other morphological characteristics of 80 alfalfa genotypes at
5 harvest dates in 1974,

CORRELATION COEFFICIENTS
PRIMARY LEAFLET AREA 

VS. 5/10
Harvest
6/13

Date
7/10 8/8 9/16

6/-9/
Combined

(r) (r) (r) (r) (r) (r)

Avg. 1° Leaflet SLW . . . , -.56** -.40** - .58** . 06 -.14 -.40**
Avg, SLW of all Leaflets -.14 - .67** .16 -.20 -,37**
Yield (Grams/Plant) , , , , . 48** .15 .06 .31 -.20 #.29**
Leaf: Stem Ratio ........ -.05 -.21 -.06 -.11 -.12
Stem Number ............ s00CM .06 -.19 .02 -.26 -.12
Avg, Stem Length ........ . 71** . 52** . 65** . 37** -.11 , 45**
Leaf Area/Plant .......... .20 . 33** .07 -.16 .23

** Significant at ,01 level
* Significant at ,05 level
# Data combined over all 5 harvests
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Figure 1. Averages of large leaflet and small leaflet genotypes 
for average primary leaflet area, yield/plant, and 
leaflet: stem petiole ratio at each of 5 harvest dates
and over all harvest dates in 1974, (Means accompanied 
by letters (a,b) were significantly different at 
the ,05 level.)
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level, whereas the small leaflet group changed very little.

The mean yield at each harvest, and over all
harvests followed the same general trends as leaflet area
for both groups of genotypes (Figure 1), Yield of the
large leaflet genotypes was significantly greater than that
for the small leaflet genotypes at the first harvest and

2over the entire growing season, 8.4 vs. 5.8 cm , However, 
the large leaflet genotypes yielded non-significantly-lower 
than the small leaflet genotypes at' harvest 5 (Figure 1).

The pattern in yield changes throughout the grow
ing season was similar to that reported for crownvetch by 
Cope and Rawlings (1970), They reported that large leaf 
crownvetch genotypes (in the greenhouse) yielded more than 
small leaf genotypes in the spring, but yield was reduced 
during the rest of the season. The small leaf crownvetch 
genotypes yielded modestly but consistently over the 
entire growing season, ■

Yield was significantly (r = .48**) related to 
primary leaflet area of all the genotypes at.the May 10 
(first) harvest and weakly, but significantly (r = ,29**) 
associated with data combined over all five harvests 
(Table 1). Yield and primary leaflet area were not well 
correlated at the last four harvests. These correlation 
coefficients between yield and leaflet area are less than 
those found by Delaney (1972) between leaf width and yield 
in a spaced-plant experiment in 1971. .
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Alfalfa quality, measured by the leaflet s stem 

petiole ratio, was negatively, but non-significantly, 
associated with primary leaflet area at each of the last 
four harvests (Table 1). The leaflets stem petiole ratio 
was negatively and significantly associated with yield in 
June (r = -„30*) and over all four harvests combined 
(r = -„22** - Table 2), The alfalfa genotypes selected for 
small leaflets in the spring had a higher leaflet s stem 
petiole ratio than those selected for large leaflets at 
three out of four harvests dates (Figure 1)„ However, the 
leaflet: stem petiole ratio of the small leaflet genotypes 
was significantly higher than the large leaflet group at 
only one harvest„ This general increase in leaflets stem 
petiole ratio from June through September agrees favorably 
to data reported by Dobrenz, Schonhorst, and Thompson '. 
(1969)„

These data support the hypothesis that high-yield
ing alfalfa genotypes could be identified in the field by 
visual selection for large primary leaflet in the spring. 
During the summer and fall such selection would be impos
sible, not only because of a lack of good correlation 
between yield and primary leaflet area in those seasons, 
but also because the range of variability of both yield 
and leaflet area diminished with each subsequent harvest.



32
Primary leaflet area was also negatively and 

significantly related to primary leaflet SLW at three of 
five harvest dates and when data from the last four 
harvest dates were combined (Table 1), Primary leaflet 
area was also related (r = -,37**) to the average SLW of 
all leaflets (both primary and secondary leaflets combined), 
Larger leaflet genotypes did tend to have a lower SLW than 
the small leaflet genotypes when analyzed as separate 
groups (Figure 2), By implication, therefore, small . 
alfalfa leaflets tend to be thicker and heavier than wide 
ones, Over all harvests, specific leaf weight was not 
associated with yield when correlation coefficients were 
calculated on combined data for all harvests (r = ,03 and 
r = ,00 - Table 2).

Both primary leaflet area and yield were signifi
cantly correlated (.01 level) with average stem length at 
each harvest (Table 1 and 2). The large leaflet genotypes 
also had a significantly longer mean stem length than the 
small leaflet group at three of the five harvests and when 
all data were combined (Figure 2).

Yield was highly and significantly associated with 
both stem number and leaf area per plant (Table 2). Yield 
showed a higher relationship with leaf area than any other 
factor evaluated in Experiment I. Correlation coefficients 
for individual harvests ranged from r = .83** to r = .96**
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Figure 2. Averages of large leaflet and small leaflet genotypes 
for average SLW of primary leaflets, stem length, and 
total leaf area/plant at each of 5 harvest dates and 
over all harvest dates in 1974, (Means accompanied 
by letters (a,b) were significantly different at the 
.05 level.) wCO



Table 2. Correlation coefficients of yield of alfalfa with other morphological
and physiological characteristics of alfalfa at 5 harvest dates
in 1974.

CORRELATION COEFFICIENTS
YIELD (G/PLANT) 

VS. 5/10
Harvest Date 
6/13 7/10 8/8 9/16

6/-9/
Combined

(r) (r) (r) (r) (r) (r)

Avg. 1° Leaflet SLW . . . . . -.28** , 48** .11 i o -.01 .03
Avg. SLW of all Leaflets . . .30 .06 -.10 .02 .00
Leaf: Stem Ratio ........ -.30** -.27 -.15 .19 -.22**
Stem Number . . . . . . . . 86** 00 ? X . 77** *-xooCO . 87** . 81**
Avg. Stem Length . . . . . . . 56** . 43** . 44** . 47** , 48** . 41**
Leaf Area/Plant ............ , 96** . 91** . 83** . 95** . 87**

** Significant at .01 level
* Significant at .05 level
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(Table 2). A variation in yield of 75 per cent was 
accounted for by variation in leaf area (i.e., R -.757). 
Unfortunately, leaf area per plant was not determined at 
the May 10 harvest. Leaf area was significantly related 
with primary leaflet area at only one of the remaining four 
harvest dates (Table 1). Data on the leaf area were col
lected at all five harvests in Experiment II.

In Experiment II, the large leaflet genotypes had 
an average leaf area per plant that was significantly higher 
than small leaflet genotypes at the first two harvests.
This same relationship was evident when data were combined 
for the five harvests. The graphs for total leaf area and 
yield for individual genotypes of the two leaflet sizes 
showed similar trends (Figures 1 and 2).

Primary leaflet area was not generally related to 
stem number (Table 1). Correlation coefficients, from the 
combined data for the last four harvests, between leaflet: 
stem petiole ratio, leaf area, stem number, stem length, and 
SLW are reported in Table 3. Leaf area was negatively 
associated with SLW of all leaflets (r = .32**) and leaflet: 
stem petiole ratio (r = -.27**) but positively correlated 
with stem number (r = .67**) and average stem length 
(r = .50**). Leaflet: stem petiole ratio was also 
negatively correlated with SLW of all leaflets (r = .22**).



Table 3. Correlation coefficients between morphological characteristics of
alfalfa from data combined over 4 harvest dates in 1974,

Leaflet: Stem 
Petiole Ratio Stem Number Stem Length

Leaf Area 
Per Plant

(r) (r) (r) (r)
SLW of all Leaflets. . . . . 22** .11 -.47** -.33
Leaflet: Stem Petiole Ratio . ■ o -vj -.45** -.27
Stem Number ............ .09 .67
Stem length ............... .50

** Significant at a .01 level.
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Experiment II
Rates of CO? Flux Per 
Unit Leaflet Area

Genotypes selected for small leaflets in the 
spring had a higher average rate of net photosynthesis than 
that of the larger leaflet genotypes on four out of five, 
harvests (Figure 3). The small leaflet genotypes also had 
higher rates of post-illumination burst (Figure 3), gross 
photosynthesis (Figure 3), and photorespiration (Figure 4). 
Rates of dark respiration, measured either before or after 
illumination, were generally lower in the small leaflet 
genotypes (Figure 4)„ ■

Correlation coefficients between rates of CC^ flux 
and primary leaflet size were generally negative but non
significant at each of the five harvest dates in 1974 
(Table 4), When the data were combined over all five 
harvests, however, the negative association was significant 
though not strong (Table 4), Even though correlation 
coefficients may be statistically significant, if they are 
as low as many in Tables 4 and 5, they are of little or no 
predictive value. Even when the data were combined, 
variability in leaflet size accounted for only 7%
(R^ = „07) of the variation in photosynthesis. Therefore, 
even though the relationship between these two factors may 
be significant, values of this magnitude are of minor 
importance in selection programs,
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Figure 3. Averages of large leaflet and small leaflet genotypes 
for net photosynthesis, post-illumination burst, 
and gross photosynthesis per unit leaflet area at each 
of 5 harvest dates and over all harvest dates in 
1974. (Means accompanied by letters (a,b) were 
significantly different at the .05 level.) (jOco
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level.)
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Table 4. Correlation coefficients of average primary leaflet area and
parameters of CC^ flux at 5 harvest dates in 1974,

CORRELATION COEFFICIENTS
PRIMARY LEAFLET AREA 

VS. 5/10
Harvest Date
6/13 7/10 8/8 9/16 Combined

(r) (r) (r) (r) (r) - (r)
Net Photosynthesis .......... -.09 .01 -.64** . 06 -.16 -.26**
Post-Illumination Burst . . . -. 26 -.08 -.62** -.23 -.46 -.43**
Dark Respiration After

Illumination . . . . . . . .41 .09 -.35 -.05 -.21 -.27**
Dark Respiration Before

Illumination ............ . 65** .18 -.27 .11 - . 1 0 -.22*
Photorespiration ............. -.41 -.19 -.57** -.26 CM1 11

Gross Photosynthesis . . . . . -.09 -.02 -.65** -.07 1 U> 00 -. 34*

- 2 -1# All physiological measurements were expressed as mg CO2  dm" hr" 
** Significant at .01 level
* Significant at .05 level

o
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Rates of CC^ flux were also negatively, though

weakly, associated with yield when the data were combined
over all five harvests (Table 5). The association of the
combined harvest data was significant and negative for rates
of net and gross photosynthesis, photorespiration, and
post-illumination burst. An association between yield and
the rates of dark respiration per unit leaf area was
non-existant (Table 5). A negative but non-significant
relationship between yield and net photosynthesis 

-  2 -1(mg CO2  dm" hr" ) in alfalfa was also reported by Delaney
(1972). Foutz (1973) found no relationship between yield 
and rate of photosynthesis in alfalfa. These findings cast 
serious doubt upon the possibility of identifying high 
yielding genotypes by screening alfalfa populations for 
high rates of photosynthesis. Such a scheme could conceiv
ably even lower yields in alfalfa. Selection for low rates 
of dark respiration will likely be just as ineffective. 
However, because of the lack of association between CC^ flux 
and leaflet size it might be possible to select genotypes 
with both high rates of CO2  flux and large leaflet areas.
The lack of good association tends to indicate that CO2  

flux and leaflet area are controlled by independent genes.
Large leaflet genotypes tended to have a higher rate 

of CO2  exchange per leaflet in May and June and lower rates 
in July and August than the small leaflet genotypes



Table 5. Correlation coefficients of yield with parameters of CCU flux at
5 harvest dates in 1974,

CORRELATION COEFFICIENTS

5/10
Harvest Date 

6/13 7/10 8/8 9/16 Combined
(r) (r) (r) (r) (r) (r)

Net Photosynthesis # . . , , -.17 -.26 -.39 -.22 -.08 -.24*
Post-Illumination Burst . , -.41 .04 -.37 -.26 -.11 -.29*
Dark Respiration After

Illumination .......... .22 -.20 -.08 .03 -.19 -.12
Dark Respiration Before

Illumination . . . . . . . 54** .14 .14 .03 .03 -.05
Photorespiration .......... -.48** .18 -.53*' -.35 -.19 -.29*
Gross Photosynthesis . . . . -.26 -.14 -.40 -.26 -.10 -.27*

** Significant at .01 level
* Significant at .05 level
# All physiological factors were expressed as mg CO2 drrT̂  hr"**
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(Figures 5 and 6)„ The only exception was the dark 
respiration before illumination which was higher in the 
large leaflet genotypes over the whole growing season 
(Figure 6)„

CO2  Flux Per Leaflet

Primary leaflet area was significantly and posi
tively associated with net photosynthesis per leaflet on 
the first and last harvests and for all harvests combined 
(Table 6)„ The other parameters of COg flux per leaflet 
followed the same general pattern, except for photorespi
ration (Table 6)» Photorespiration was not significantly 
associated with primary leaflet area at all five harvests 
and for all five harvests combined (Table 6)

Yield was only weakly and generally non-signifi
cant ly associated with net or gross photosynthesis, 
post-illumination burst» or photorespiration per leaflet 
(Table 7)„ Yield was significantly associated with dark 
respiration per leaflet at the first harvest and overall, 
whether dark respiration was measured either before or 
after illumination,

CO2  Flux Per Plant

Large leaflet genotypes had a significantly higher 
rate of net photosynthesis calculated on a total plant basis 
than the small leaflet genotypes at harvest and over all
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significantly different at the .05 level.) ^
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Table 6. Correlation coefficients of average primary leaflet area with total
CO2 flux per leaflet at 5 harvest dates in 1974,

CORRELATION COEFFICIENTS
PRIMARY LEAFLET AREA 

VS. 5/10
Harvest Date 

6/13 7/10 8/8 9/16 Combined
(r) (r) (r) (r) (r) (r)

Net Photosynthesis
Per Leaflet ............. , 60** .27 -.21 .41 . 64** . 44**

Post-Illumination Burst
Per Leaflet . . . . . . . . 72* .46 .24 .39 .33 . 47**

Dark Respiration After
Illumination per Leaflet . . 91** . 65** .45 .49 . 69** . 52**

Dark Respiration Before
Illumination per Leaflet . . 94** . 55* .32 .53 . 65* . 59**

Phot ores pirat ion
Per Leaflet ............ .41 .04 -.04 .19 .04 .20

Gross Photosynthesis
Per Leaflet ............ . 93** .35 -.03 .43 .51 . 49**

** Significant at .01 level
* Significant at .05 level
# All physiological factors expressed as mg C02 leaflet -1 hr"1

o\



Table 7. Correlation coefficients of yield with CO2  flux 
5 harvest dates in 1974.

per leaflet at

YIELD (G/PLANT) 
VS.

CORRELATION COEFFICIENTS

5/10
Harvest Date 
6/13 7/10 8/8 9/16 Combined

_ (r> _ (r) (r) (r) (r) (r)
Net Photosynthesis

Per Leaflet ............ .31 -.04 -.15 -.10 .43 .22
Post-Inomination Burst 

Per Leaflet ............ .26 .28 .05 -.02 .41 .23
Dark Respiration After

Ilium, per Leaflet . . . . 60** .11 .46 .25 .68* .38*
Dark Respiration Before 

Ilium, per Leaflet . , , . 71** .48 .42 .20 .36 . 50**
Photorespiration

Per Leaflet .......... -.02 .26 .41 .20 .12 .01
Gross Photosynthesis

Per Leaflet .......... .30 .11 -.08 .08 .44 . 24*

** Significant at ,01 level
* Significant at ,05 level
# All physiological factors expressed as mg CO2 leaflet"* hr”1
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harvests (Figure 7). The other parameters of CC^ flux per 
plant followed similar trends (Figures 7 and 8). Corre
lation coefficients between primary leaflet area and CC^ 
flux per plant were positive and significant for the first 
harvest and for all harvests combined (Table 8).

Yield per plant was highly and significantly 
associated with almost all parameters of CO2  flux per plant 
at all harvest dates and over all harvests combined 
(Table 9). The associations between yield and CO2  flux 
per plant were extremely good. This was especially true 
of the combined data for dark respiration after illumination 
(r = .93**) and before (r = .93**) illumination (Table 9). 
Variation in dark respiration therefore accounted for 86.5%

o(R = .865) of the variation in yield. Net photosynthesis 
per plant accounted for only 39.7% (R = .397) of the 
variation in yield. The practicality of predicting the 
yield of genotypes in the field by measuring total dark 
respiration per plant is questionable, however. It would 
simply be easier to measure dry matter production of an 
alfalfa genotype by cutting and drying than by measuring 
both its leaf area and dark respiration per unit leaf area 
and multiplying them together.

Net photosynthesis per unit leaf area was weakly 
related to the SLW of all the leaflets and the leaf area 
per plant (Table 10). Net photosynthesis per unit leaf
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Table 8, Correlation coefficients of average primary leaflet area and
total CO2 flux per plant at 5 harvest dates in 1974,

PRIMARY LEAFLET AREA 
VS.

CORRELATION COEFFICIENTS

5/10
Harvest
6/13

Date
7/10 8/8 9/16 Combined

_ (r) (r) X r J (r) Tr) (r)
Net Photosynthesis

Per Plant#........ .. . 63** .12 -.08 .35 .41 . 5 3**
Post-Illumination Burst

Per Plant . . . . . . . . . 80** .21 .14 .28 .26 . 51**
Dark Respiration After

Ilium, per Plant . . . . . 74** . 36 .33 .35 .45 . 54**
Dark Respiration Before

Ilium, per Plant . . . . . 70** . 64** .29 w 00 .53 . 60**
Photorespiration

per Plant ............ . 58** .01 -.11 .13 .07 . 32**
Gross Photosynthesis

per Plant . . . . . . . . 76** .18 .02 .32 .34 . 56**

** Significant at .01 level
# All physiological factors expressed as mg CO2  plant"* hr”*



Table 9. Correlation coefficients of yield with total CO2 flux per plant
at 5 harvest dates in 1974,

YIELD (G/PLANT) 
VS.

CORRELATION COEFFICIENTS

5/10
Harvest Date
6/13 7/10 8/8 9/16 Combined

(r) (r) (r) (r) (r) -  (r)
Net Photosynthesis

Per Plant# . . . . . . . . . 7 0** .47 . 69** . 71** . 87** . 63**
Post-Illumination Burst

Per Plant . . . . . . . . . 73** . 85** . 90** . 93** . 83** . 77**
Dark Respiration After

Ilium. Per Plant ........ . 96** .89** . 97** , 98** . 89** . 93**
Dark Respiration Before

Ilium. Per Plant ........ .98** . 94** . 90** . 96** .88** . 93**
Photorespiration

Per Plant .............. .30 . 59* . 69** . 70** .61 . 42**
Gross Photosynthesis

Per Plant .............. .30 . 71** .83** 00 s X- . 87** . 71**

** Significant at .01 level
* Significant at .05 level
# All physiological factors expresses as mg CO2 plant-* hr-1



Table 10. Correlation coefficients of net photosynthesis with various
morphological and physiological parameters of alfalfa at 5
harvest dates in 1974.

CORRELATION COEFFICIENTS
NET PHOTOSYNTHESIS#

5/10
Harvest
6/13

Date
7/10 8/8 9/16 Combined

(r) (r) (r) (r) (r) (r)

Avg, SLW of all Leaflets . . . .07 -.18 . 52* .51 -.05 .25*
Leaf Area per Plant ........ -.14 -.24 -.50 -.26 -.03 -.22
Net Photosynthesis

Per Leaflet ............ . 69** . 95** .83** . 92** .56 . 66**
Net Photosynthesis

Per Plant ................. .35 . 55** .22 .37 .25 .27*

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

-  2 -1# Expressed as mg CO2  dm" hr"

in
U>
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area was highly correlated with net photosynthesis per 
leaflet, but only marginally related to net photosynthesis 
per plant (Table 10)„ Net photosynthesis per plant was 
highly associated with leaf area per plant, and signifi
cantly associated with SLW of alfalfa leaflets and the net 
photosynthesis per leaflet (Table 11)„ Net photosynthesis 
per plant was more highly associated with leaf area per 
plant than net photosynthesis per unit leaf area, yield 
per plant, or net photosynthesis per leaflet.

Other Correlations
The parameters of (X^ flux per unit leaf area were 

highly associated with each other (Table 12), Perhaps it 
is because alfalfa genotypes with high rates of CO2  intake 
also tend to have high rates of CO2  output that yield per 
plant is not well correlated with rates of CO2  intake,
A genotype with a high rate of CO2  intake coupled with a 
high rate of CO2  output might not fix any more carbon than 
a genotype with lower rate of CO2  exchange. If ease of 
CO2  entrance into a leaf is coupled with ease of CO2  exit, 
it might frustrate efforts to select for genotypes with 
high rates of photosynthesis and low rates of respiration. 

Leaf area per plant was measured at all five 
harvest dates in Experiment II. Leaf area per plant and 
yield per plant on the May 10 harvest (one anomalous data 
point is missing) is depicted in Figure 9, The curvilinear 
relationship is obvious, Both variables decreased into



Table 11. Correlation coefficients of net photosynthesis per plant with
various morphological and physiological characters at 5
harvest dates in 1974.

CORRELATION COEFFICIENTS
NET PHOTOSYNTHESIS

PER PLANT#
5/10

Harvest
6/13

Date
7/10 8/8 9/16 Combined

(r) (r) (r) (r) (r) (r)

Avg. SLW of all Leaflets . . - . 70** -.43 .11 .15 -.54 -.32**
Leaf Area per Plant . . . . . 80** .56* .59* . 74** . 95** . 77**
Net Photosynthesis

Per Leaflet ............. . 74** . 62** .33 .47 .53 . 71**

** Significant at .01 level
* Significant at .05 level
# Expressed as mg CO2  plant™* hr”*

in
in



Table 12. Correlation coefficients between parameters of CCU flux in alfalfa
over 5 harvest dates in 1974,

Dark Resp. Dark Resp. Gross
Post-Ill. After Before Photo- Photo-

Burst Ilium, Ilium. resp. synth.
(r) (r) (r) (r) (r)

Net Photosynthesis# . . .84** .52** . 52** . 76** . 97**
Post-11luminat ion

Burst .......................  . 62** . 67** . 91** . 95**
Dark Respiration

After Ilium, . . . . . . .  .............. . 78** .23* . 58**
Dark Respiration

Before Ilium. . . . . . .  ................ . 42** . 61**
Photorespiration ............... . ........ . 86**

** Significant at .01 level
* Significant at .05 level
# All physiological factors expressed as mg CC> 2 dm"2 hr”1

inON
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the linear portion of the graph by the second harvest and 
remained there through the other four harvests. The 
correlation coefficient between both variables were 
r = .92** at harvest 1 and r = .84** when all harvests were 
combined. If yield per plant is compared with the square 
root of leaf area per plant (to test curvilinearity) then 
r = ,96** at harvest 1 and r = .87** overall, a modest but 
real gain. This means that yield per plant increases 
slowly after the leaf area per plant reaches a value of 
approximately 12 dm .

Multiple Regression
A multiple regression analysis was used to deter

mine associations between yield and some physiological 
and morphological measurements in Experiment II (Table 13). 
One genotype with large leaves was so different from the 
others that it was deleted in this analysis. The square 
root of leaf area per plant was first fit and it accounted 
for 93% (R^ = .93) of the variation in yield for the May 
10 harvest. It also accounted for 78% of the variation 
in yield over all harvests combined. Adding variation in 
net photosynthesis per unit leaf area or SLW did not 
account for much more of the variation in yield (Table 13). 
When primary leaflet area was used as a single factor it 
accounted for 69% of the variation in yield at harvest 1 
(May 10) but less than 1% of the variation when data from



Table 13. Multiple regression analyses between yield/plant and the square 
root of leaf area/plant (Sq. Rt. LA/P), net photosynthesis/unit 
leaflet area (Ps), primary leaflet area (1° LA), and specific 
leaf weight (SLW) of alfalfa genotypes.

R2
YIELD (G/PLANT)

May 10, 1974 Harvests 1974

Yield/plant with:
Sq. Rt. LA/P .................
Sq. Rt. LA/P 4- Ps ..........
Sq. Rt. LA/P + SLW ..........

Yield/plant with:
1° LA .....................1° LA + SLW .................
1° LA + SLW 4- P s ............
1° LA 4- SLW 4- Ps 4- Sq. Rt. LA/P

.93

.94

.94

.69

.71

.85.88

.78

.78

.79

.00

.06

.06

.72

in
VO
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all five harvests were combined,1 Adding SLW, net photosyn
thesis, and the square root of leaf area per plant to the 
analysis accounted for another 18% of the variation in 
yield at the May 10 harvest. Adding SLW and net photosyn
thesis per unit leaflet area to the analyses did not 
account for more than 6% of the variation in yield per 
plant when all the data were combined. When the square 
root of leaf area per plant was added to the combined data, 
however, 72% of the variation in yield was accounted for.

These data, from Experiment II, generally agree 
with that from Experiment I, i.e., that leaflet area and 
yield are highly associated at the first harvest, but that 
this relationship is lost thereafter. It also agrees with 
Experiment I in that total leaf area per plant accounted 
for more of the variation in yield than any other parameter 
measured.

The cause of the good relationship between primary 
leaflet area at the spring harvest but the poor associa
tion overall is explained in Table 14, The primary leaflet 
area accounted for 60% of the variation of the square root 
of leaflet area at harvest I, but none of the variation 
when the data were combined over all five harvests. Consi
dering the strong association between the square root of 
leaf area and yield per plant it is obvious that the area 
of individual primary leaflets would not account for more



Table 14. Multiple regression analyses between the square root of leaf 
area/plant (Sq, Rt. LA/P), primary leaflet area (1 LA), 
specific leaf weight (SLW) and rate of net photosynthesis/ 
unit leaf area (Ps) at May 10, 1974, and over all harvests
in 1974.

R2
YIELD (G/PLANT)

May 10, 1974 Combined 
harvests 1974

Sq. Rt. LA/P withi
1° LA . . . .00
1° LA + P s ............ .. . , . .64 . . . .05
1° LA + Ps + S L W ............... .79 . . . .10
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of the variation in yield per plant. When primary leaflet 
area accounted for most of the variation in leaf area it 
also accounted for much of the variation in yield. When 
primary leaflet area did not account for any of the varia
tion in leaf area it did not account for any of the . 
variation in yield either. Apparently as temperatures 
increases, the number of leaflets accounted for more of the 
variation in leaf area per leaflet.

In summary, selection for primary leaflet size in 
the spring tended to select for high yielding genotypes in 
1974. Total leaf area was highly significantly associated 
with yield at all five harvest dates in 1974. Though net 
photosynthesis was negatively, but weakly associated with 
yield, total photosynthesis- per plant was highly and 
significantly associated with yield at all harvest dates.



CHAPTER V

SUMMARY

Forty alfalfa genotypes (Medlcago sativa L. cultivar 
'Hayden') were visually selected for large primary leaflets 
and forty genotypes for small primary leaflets at the 
Campbell Avenue Farm, Tucson, Arizona. At each of five 
harvests, yield, leaflets stem petiole ratio, SLW, primary 
leaflet area, stem number, and average stem length were 
measured on each of the eighty genotypes, The total leaf 
area of each of the eighty genotypes was calculated. At 
each harvest,rates of net photosynthesis, post-illumination 
burst, and dark respiration before and after illumination 
per unit leaf area of approximately fifteen large leaflet 
genotypes and thirteen small leaflet genotypes were mea
sured, Rates of photorespiration and gross photosynthesis 
were then calculated from these quantities. CO2  flux 
parameters were also calculated on a per leaflet and a per 
plant basis. ■

The Targe leaflet genotypes maintained their 
advantage in primary leaflet area during the entire growing 
season. The large leaflet genotypes also had greater yield 
than the small leaflet genotypes at four of five harvest

63
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dates. The large leaflet groups also had higher yield 
than the small when the data were combined over all five 
harvests. The large leaflet genotypes had lower leaflet: 
stem petiole ratio than the small leaflet genotypes at 
three of four harvest dates, however.

Both primary leaflet area and yield were negatively 
and significantly associated with CC^ flux when measured on 
a unit leaf area basis and combined over all 5 harvests.
When calculated on a per leaflet basis, CC^ flux was 
positively and significantly associated with both primary 
leaflet area and yield, CO2  flux per plant was significantly 
and positively associated with primary leaflet area at 
the first harvest and when data from all harvests were 
combined, CO2  flux per plant and yield were strongly and 
positively associated at all five harvest dates and when 
data were combined from all five harvests.

Leaf area per plant and yield were 
related in a curvilinear manner. This relationship, could 
be straightened by using a square root transformation of 
the leaf area per plant. Leaf area per plant, thus trans
formed, accounted for most of the variation in yield,
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