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ABSTRACT 

A study was conducted at Tucson, Arizona during 1965 and 

1966 to determine the effect of leaf area development, leaf photosyn-

thetic rates and temperature on growth and dry matter accumulation 

in certain species of forage crops. Information was obtained that 

would contribute to an understanding of the differential growth rates 

when these plants were grown under climatic conditions of the lower 

desert valleys in the southwestern United States. 

There were highly significant differences in dry matter accu

mulation and leaf area development between the species of grasses and 

clovers and among the alfalfa varieties and strains during both spring 

and fall seedings. 

Highly significant and positive correlation coefficients of dry 

matter accumulation with leaf area development, in both seasons of 

growth, emphasized the dependence of dry matter production on the 

amount of active leaf area present. 

In most of the forage plants studied, positive and significant 

correlations between relative growth and net assimilation rates and 

leaf area ratio indicated that the growth and dry matter production was 

a function of both net assimilation rate and leaf area ratio. 
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When average daily maximum and minimum temperatures were 

correlated with relative growth rates, net assimilation rates, and leaf 

area ratio, positive and significant correlations were indicated in all 

cases. Temperature fluctuation affected the efficiency of leaves in 

assimilating raw materials needed for growth as well as the distribu

tion of that assimilated into living tissues of the plant. 

Using the Infra-Red Gas Analyzer the leaf photosynthetic rates 

were measured at three different temperatures (21, 27, and 32 C) 

under field conditions. The grasses recorded the highest rates at 21 

C, while the optimum temperature for leaf photosynthetic rates in the 

clovers and alfalfa plants was at 27 C. Hubam sweet clover showed 

the highest rates and was significantly higher than Ladino, Kenland 

red, and Miscawi berseem clovers. In the alfalfa, plants of the 

variety Du Puits manifested the highest rate while those of Ranger 

were the lowest. 

When leaf net photosynthetic, and respiratory rates and tem

peratures (15, 25, 35, and 45 C) were studied in the laboratory, the 

general trend in most plants was that respiration did not significantly 

increase within the temperature range between 15 and 35 C but a sig

nificant acceleration was found after 35 C. 

The photosynthetic rates of Lincoln bromegrass, Goar tall 

fescue, ryegrass, Markton and Mesa oats showed the highest rates at 

15 C, while the rates decreased with increasing temperatures. Rates 



XV 

for clover species and alfalfa varieties increased significantly when the 

temperature increased from 15 to 25 C with the highest rates being 

recorded at 25 and 35 C. However, there was a significant decrease 

in net photo synthetic rates in the clover and alfalfa plants beyond 35 C. 

Since most of the grass plants showed the highest photo synthetic 

rates at lower temperatures, both in field and laboratory measurements, 

this might explain why these plants grow better in cool seasons. 



INTRODUCTION 

Many techniques have been used to study plant growth and yield. 

One measure of plant growth that has provided much information for 

agronomists, ecologists, and plant physiologists is the increase in 

dry matter. 

To study the accumulation of dry matter in plants, it is neces

sary to obtain information pertaining to leaf area development, how 

efficient leaves are in producing new assimilates, and the effect of 

environmental factors on dry matter accumulation during plant develop

ment. 

Numerous workers have investigated the effect of net assimila

tion rate (N. A. R.), relative growth rate (R. G. R.), and leaf area 

ratio (L. A. R.) on the growth of plants, but there is a limited amount 

of information on the relationships among these variables and the 

growth of forage "plants. Since the economic yield of forage plants is 

mainly topgrowth, this study was proposed to examine some of the cor

relations between the aforementioned variables and dry matter produc

tion in forage plants. 

The lower desert valleys of the southwestern United States are 

characterized by mild winters and hot summers. Since wide fluctua

tions in growth rates and dry matter production are found among forage 
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species grown in the area, information pertinent to the effect of tem

perature on the relative growth and net assimilation rates and leaf 

area development would provide basic knowledge about plant growth 

and would be useful in increasing dry matter production and economic 

yield of the most important forage species. 

Some investigators (2, 4, 40) have pointed out that the growth 

response of plants to temperature differed among species. Undoubt

edly, part of the effect of temperature on plant growth is its influence 

on photosynthesis and respiration which influence the carbohydrate sup

ply. Such information, which is limited for forage species, would 

contribute to an understanding of the physiology of growth of these 

plants. 

To determine relationships among growth factors, it is neces

sary to first study the variables separately, analyze the results, then 

categorize them into an orderly and logically sound scheme which may 

shed some light upon the complex interactions involved among growing 

plants, their environment and the ultimate yield. With these thoughts 

in mind, the objectives of this investigation were to study: 

1. Dry matter accumulation and leaf area development of 

several forage species and from these data, calculate relative growth 

rate, net assimilation rate, and leaf area ratio for plants seeded in 

the field during both the spring and fall. 



2. The relationships between the aforementioned variables 

and temperature. 

3. Rate of net leaf photosynthesis over different temperatures 

under field conditions. 

4. The correlation between leaf net photosynthetic rates and 

respiratory rates measured at different temperatures in the laboratory 

for certain forage species when grown in pots in the greenhouse. 



REVIEW OF LITERATURE 

Research dealing with plant growth is voluminous. Unfortunat

ely, little work has been done with growth of forage crops under envir

onmental conditions similar to those of the southwestern United States. 

In presenting this review only literature specifically pertaining to 

growth analysis, dry matter accumulation, leaf area development, leaf 

photosynthetic rate, respiration, and effect of temperature in forage 

crops and other species which have particular interest are cited. 

Growth Analysis 

The concepts of growth analysis were developed to define the 

influence of differences in rate and pattern of tissue formation on the 

growth of a plant as a whole. A comprehensive outline of the ideas of 

a group of workers who have made important contributions to this field 

of investigation is given by Watson (65). Net assimilation rate, or 

unit-leaf rate as it also has been termed, was developed as an aid in 

the quantitative analysis of plant growth and may be defined as the rate 

of increase in dry weight of a plant per unit of active growing material 

per unit-time (71). 

Gregory (32) was the first to calculate net assimilation rates, 

but it remained for Briggs et al. (11) to formulate the integrated equa

tion as follows: 

4 



Net assimilation rate (N. A. R.) = 4 x 
A at 

where w = plant weight, t = time, and A is a measure of the assimilat

ing material. Between two sampling times (t^ and tg) the mean net 

assimilation rate can be calculated from the formula: 

w2 - W1 loge A2 - loge A1 N.A.R. = 
A2 " A1 t2 " 

Different measures of the amount of material assimilated, 

based on leaf area, leaf weight or leaf protein, have been used by Wil

liams (71). Watson (65), in discussing the use of these various bases, 

has stressed the use of leaf area for the sake of uniformity. Mitchell 

(40) reported that leaf weight was a more satisfactory measure of 

quantity of assimilatory tissue than leaf area. 

Relative growth rate or efficiency index was first introduced 

by Blackman (10), and was defined as the increase in plant weight per 

unit initial weight per unit time. The integrated equation for relative 

growth rate was discussed by Fisher (27). The integrated equation is 

as follows: 

Relative growth rate - ~ x —•, 

and between two sampling occasions the mean value can be calculated 

from the formula: 
Incr w - 1 n a w 
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where w^ = plant weight at time one and Wg = plant weight at time two. 

Briggs et al. (11) pointed out that relative growth rate is the product 

of net assimilation rate and the ratio of leaf area to plant weight, or 

the leaf area ratio, and these interrelationships have been further ex

amined by Blackman and Wilson (9). The latter workers concluded, 

after both physiological and ecological studies on plant growth, that 

environmental influences or relative growth rate must operate through 

net assimilation rate or leaf area ratio or both. Blackman (10) in his 

compound interest law discussed the growth of a plant as a continuous 

process in which the increase in dry matter per unit time is propor

tional to the total dry weight of the plant. Blackman stated that size 

after any given time is therefore dependent on three factors: (a) 

initial weight, (b) relative growth rate, and (c) length of the growing 

period. 

The differential effect of light intensity, temperature and other 

factors on the N. A. R. and relative growth rates of different crops has 

been studied by several research workers (9, 40, 59, 67, 68, 71). 

Blackman and Wilson (9) reached a general conclusion that both changes 

in N. A. R. and leaf area ratio are curvilinearly related to the logarithm 

of the light intensity for all species. The relationship between the loga

rithm of light intensity and relative growth rate should be curvilinear. 

Furthermore, Blackman and Wilson found that the N. A. R. for the 

species Helianthus annuus during the summer months was largely 
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independent of temperature, but logarithmically proportional to the 

light intensity received. 

Mitchell (40) reported that increasing either temperature or 

light intensity increased relative growth rate in Lolium sp. Mitchell 

explained differences in relative growth rates on the basis of a plant 

having a higher N. A. R. or from its using a greater proportion of its 

assimilate to produce fresh leaf tissue. Thorne (59) concluded from 

studying the variation with age in N. A. R. and other growth attributes 

of sugar beets, potato, and barley, that N.A. R. of all species based 

on leaf area (E^) was approximately linear with time. During five 

weeks, of sugar beets decreased by only about 20 per cent and 

of potato decreased by 50 per cent, but E^ of barley remained approxi

mately constant for four weeks after sowing and was halved during the 

subsequent four weeks. Thorne further reported that relative growth 

rate (R„,), and leaf growth rate (R. ), and leaf-area ratio (F) decreas-
W A 

ed with time at similar rates for all species. 

From measuring photosynthetic, respiratory, and N. A. R. rates 

for sugar beets and barley in a controlled environment, Watson and 

Ken-Ichi (67) concluded that the mean N. A. R. of the two species was 

slightly greater in the controlled environment room with the higher 

temperature. They also pointed out that N. A, R. was not highly sensi

tive to changes in daily mean temperature, because an increase in 

photosynthesis with an increase in temperature was partly offset by 
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increased respiration. There were highly significant differences 

between the two species in N. A. R. and this was wholly attributable to 

the higher rate of photosynthesis of sugar beet. 

Williams (71) studied the effect of different fertilizers on 

N. A. R. and relative growth rate using the perennial pasture grass 

(Phalaris tuberosa L.). He concluded that maximum values of N. A. R. 

were attained very soon after the seedling stage, and the period of re

lative constancy varied greatly with the experimental material and the 

basis of computation. 

Watson (66) studied the dependence of net assimilation rate on 

the leaf area index in kale and sugar beets. Watson concluded that 

when leaf area increased, N. A. R. was decreased for both kale and 

sugar beets. Watson (66) suggested some causes for this decrease, 

one of which was when the leaf area index increased, some mutual 

shading occurred among the leaves. Mutual shading influenced the ac

cumulation of dry matter because the shaded leaves consumed more 

energy than they produced and thus became parasitic. Another cause 

may be that COg cannot move freely into the crop through the highly 

intermingled leaves and, therefore, becomes limiting to the photo-

synthetic process. However, Wilfong et al. (70), working with alfalfa 

and Ladino clover, found that N. A. R. diminished as leaf area index 

increased. 
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The variability among and within species concerning the net 

assimilation rate has been studied (34, 38, 43). According to Heath 

and Gregory (34) several field crops do not differ substantially in as

similation rates; Watson (64) observed differences in assimilation 

rates among crops under field conditions. Data of Belikou, as report

ed by Heath and Gregory (34), showed that there were no significant 

differences in the rate of photosynthesis per leaf unit in the genus 

Triticum. Muramoto et al. (43) reported, after their study on cotton 

and other species, that N. A. R. of dry matter did not differ greatly 

among these plants. Differences in rates of leaf area development 

were measurable and were associated with differences in rates of dry 

matter production among cotton plants and between cotton and other 

species. Jarvis and Jarvis (38) have compiled data on N. A. H. among 

2 1 
species which ranged from 14 to 217 mg. dm per day . Amaranthus 

sp., corn, and sunflower had the maximum N. A. R. Cool-weather 

crops had intermediate values, and tree species had the lowest values. 

Leaf Area and Dry-matter Production 

The significance of the relationship of leaf surface to soil sur

face was stressed by Watson (63, 64), who placed this relationship on 

a quantitative basis. In discussing leaf area measurements obtained 

on a number of field crops, Watson (64) reported that a comparison of 

the leaf area per plant of different species was of-little interest, for 
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these must be highly dependent on the spacing of the plants, which 

varies in accordance with normal agricultural practice. 

Blackman and Black (8) concluded from studying the role of 

light in limiting growth, that on an annual basis dry-matter production 

will be dependent on two components--the length of the growing season 

and the period over which the leaf area index remains optimal. They 

further postulated that in any region the vegetation reaches a dynamic 

equilibrium when there is the maximum exploitation of the incoming 

radiation to produce the greatest amount of dry-matter. 

Recently, several studies (10, 12, 13) on LAI of pasture species 

in relation to light and growth have been reported. Brougham (12) 

examined the form of the growth curve of a ryegrass and clover pasture, 

following close defoliation, and suggested that an important stage in 

growth was reached when the leaf area was sufficient to intercept most 

of the incident light energy. Until this stage was reached, the growth 

rate increased; thereafter, it was constant and finally declined. There

fore, Brougham (13, 14), decided to test the assumption of a critical 

value of leaf area by defoliating to different levels and by following the 

course of subsequent growth and light interception. Brougham further 

concluded that maximum growth occurred when the LAI was at a level 

of density that 95 per cent of the incident light at noon could be inter

cepted, and this has been called "Critical Leaf Area Index. " Watson 

(66) demonstrated values of optimum leaf area index for kale ranging 
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from 3. 0 to 5. 4 in different experiments, while for sugar beets opti

mum leaf area was shown to exceed 6. Davidson and Donald (16) re

ported that optimum leaf area for swards of subterranean clover was 

4.5. 

The dependance of rate of dry-matter production of crop com

munities on quantity of leaf surface and other factors has been empha

sized in the last few years (7, 15, 16, 19, 20, 21, 55). Black (7) 

concluded from his data on the relationship of radiation, leaf area, 

and growth rates that for any level of radiation there is an optimal leaf 

area index at which crop growth rate will be maximal, and that the 

value of the optimum leaf area index increases as radiation rises. At 

low levels of radiation, growth rate fell to zero when high leaf area 

indices were present. Black further showed that growth indices were 

dependent primarily on radiation with the effect of temperature being 

negligible. In a recent review Donald (19), reported that as the leaf 

area index increases beyond the optimum, the low light intensity at the 

base of the canopy and the slow rate of photosynthesis of the lowest 

leaves led not only to a negative contribution by these leaves, but to a 

rapid loss of weight and eventually to their death. Shibles and Weber 

(55) found that the lower shaded leaves of the soybean canopy are not 

parasitic upon the productive portion of the canopy, and do not, there

fore, detract from the net production of photosynthate by the soybean 

community. 
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Saeki (53) expressed the opinion that yield ultimately depends 

upon the extent of the photo synthetic surface and the efficiency of the 

photo synthetic process. These two components of growth are not neces

sarily independent of each other. Smith et al. (56) concluded f?om a 

study of light intensity, temperature, and CO^ on the growth of alfalfa 

under field conditions that LAI proved to be the most important single 

independent variable accounting for variation in dry matter. Later, 

Coombe (15) studied the physiological causes of the rapid growth of 

Trema guineensis. His conclusion was that the rapid growth of Trema 

could not be explained by a high rate of dry weight increase per unit 

leaf-area (N, A. R. ), but might lie in its prolonged and efficient develop

ment of new leaf area. 

Black (5, 6), working in South Australia examined the effect of 

seed size of subterranean clover on the subsequent growth. His con

clusion was that swards grown from seed of different sizes reached a 

common dry weight at the end of the growing season; dry weight in the 

early vegetative period was directly dependent upon seed weight. The 

advantage of large seed size was lost when the leaf area index was such 

that light interception was completely attained. 

Leaf Photo synthetic Rates 

Net photosynthesis is defined (39) as the difference between the 

COg gained in photosynthesis and that lost in respiration. Since the 
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dry matter of green plants is produced as a result of photosynthesis, 

research on the rate of photosynthesis is of great importance (58). 

DeWit (18) and Saeki (52) reported that the photosynthesis of 

a crop surface depended not only on the photosynthetic curve of the 

leaves but also on the position of the leaves with respect to the direc

tion of the incident light, the direct and diffuse light intensity, mutual 

shading of the leaves, and the carbon dioxide content of the atmos

phere. Saeki (51) further concluded that photosynthesis of each leaf 

should be integrated to obtain an accurate estimate of total photosyn

thesis of the foliage of a plant community. By combining an hourly 

photosynthetic curve in an active leaf with mean daily illumination, a 

relative light intensity-daily photosynthetic curve can be constructed. 

Verduin (61) concluded that the net photosynthetic rate in 300 

ppm COg air, full sunlight intensity, and approximate optimum temper

ature (for the photosynthetic process) was much the same within large 

groups of species. He assigned a photosynthetic rate of 20 mg COg/ 

2 , 
dm / hr to the herbaceous mesophytes of the temperate zone. In a 

later paper, Verduin et al. (62) suggested that photosynthetic rate may 

be higher under field conditions because of inadequate stirring of air 

in the standard leaf chamber techniques they used in determing photo

synthesis. 

Recent studies by Hesketh (36), Moss et al. (42), El-Sharkawy 

et al. (25) and Muramoto et al. (43) suggest photosynthetic rates under 
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field conditions two to three times those reported by Verduin. The 

tropical grasses such as corn had'photo synthetic rates of 60 mg CO g/ 
•*»»% 

2 dm / hr; sunflower and many species of Gossypium had photosyn-

2 
thetic rates of 45 mg COg/dm / hr (24). These unusually rapid 

photo synthetic rates have been confirmed by Japanese (37, 44, 45, 46) 

and a Swedish worker (38). 

El-Sharkawy and Hesketh (24) investigated the difference between 

greenhouse and field culture on leaf photosynthetic rates and also the 

effects of handling plants in preparation for a photosynthetic determina

tion. Photosynthetic rates of cotton plants grown in the field or grown 

outside in pots were almost twice as great as rates for similar plants 

grown in the greenhouse during the winter. Sunflower plants in the 

greenhouse were only slightly depressed in leaf photosynthetic rates, 

but plants grown in a shaded greenhouse had photosynthetic rates only 

one-half as high as those of field-grown plants. 

Muramoto et al. (43) have studied photosyntheitc rates of vari

eties of cotton within two species, Gossypium hirsutum and Gossypium 

barbadense and found no differences in photosynthetic rates. However, 

El-Sharkawy et al. (25) concluded that differences among species have 

2 " ' ~ been detected ranging from 10 to 60 mg CO^/dm / hr. Hesketh (36) 

reported that photosynthesis in normal COg concentrations and bright-

light varies many fold. This great variation could theoretically be a 

result of chlorophyll content of the proportionality between absorbed 
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quanta and photosynthesis. 

Murata (44) studied the effect of leaf protein and age on leaf 

photosynthetic rate of rice. As the leaves expanded, photo synthetic 

rate increased as protein content increased. When the leaves aged, 

photosynthetic rates decreased as protein content decreased. Later, 

Fuess and Tesar (28) showed that net photosynthetic activity of alfalfa 

leaves decreased with age. Leaves more than 21 days old were less 

than one-seventh as active photo synthetic ally as 5-day old leaves. 

Saeki (51) studied the effect of leaf age on photosynthetic activity in 

herbaceous plants and found that it was convenient to adopt the light-

gross photosynthetic curve obtained in an upper leaf with high activity, 

and mean respiration rate of all constituent leaves. 

Differential seedling vigor in Viking and Empire birdsfoot tre

foil plants from a common seed size was studied as a function of 

growth rate by Shibles and MacDonald (54). Both varieties were found 

to possess a similar net photosynthetic rate per unit area of cotyledon 

or leaf surface. The mean rate achieved under the conditions of the 

2 experiment was 4. 3 micromoles of oxygen evolved dm of leaves per 

minute. Shibles and MacDonald (54) further explained the divergence 

in growth between the varieties with a common seed size on the basis 

that there was a differential rate of photosynthetic tissue produced. 



The Effect of Temperature on Growth of Plants 

Black (4) used a multiple regression analysis to demonstrate 

that mean temperature had little or no effect on the relative growth 

rate or the net assimilation rate of the Baccus March strain of sub

terranean clover. Morley (41) studied the effect of three different 

temperature regimes with means of 16. 8, 18. 6, and 24. 2 C on the 

various indices of the growth rate of five strains of subterranean clo

ver. Morley concluded that the patterns of response to temperature „ 

varied with strain. Optimal temperatures for growth were higher in 

Wenigup and Clare than in Tallarook and Yarloop. Baccus March 

showed little response to temperature over the range studied, a pos

sible explanation of Black's (4) conclusion that growth was relatively 

unaffected by temperature. Morley (41) further reported that strain 

differences in relative growth rate were determined largely by differ

ences in net assimilation rate, based on leaf area, rather than differ

ences in leaf ratio. On the other hand, temperature affected relative 

growth rate through both of these components. 

Studying the dry matter production in alfalfa, Stanhill (57) ob

served that dry matter production was far more closely and significant 

ly correlated with solar radiation than with air temperature. The 

latter parameter was negatively correlated with dry-matter increment 

suggesting that the temperature dependence of respiration on air tem

perature was of greater importance than any positive effect that 
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temperature may have had on photosynthesis. Stanhill further calcu

lated the positive effect of temperature in increasing the rate of photo

synthesis to be approximately one-fifth of the negative effect caused by 

increasing the respiration rate, when daily mean air temperature ranged 

frqm 9 to 26 C. However, Gist and Mott (30) found that increasing 

temperatures from 15.5 to 32. 2 C caused reductions in the growth of 

legume seedlings. The growth of roots was affected more than was 

growth of the tops. Beard and William (1) also reported that the total 

amount of roots produced in Argrostis palustris Huds. decreased as 

temperature increased. 

In summarizing the literature, Van Dobben (60) stated that the 

effect of temperature on the length of the period from emergence to 

flowering was independent of the effect of temperature on growth. When 

the temperature was raised from 16 to 25 C, vegetative growth in small 

cereals and peas was distinctly accelerated in the seedling, but only 

slightly in the vegetative stage. As a result, plants remained smaller 

at 25 C than at 16 C. Van Dobben (60) also found when the temperature 

was raised from 10 to 16 C the rates of growth and development were 

accelerated more than in the range 16 to 25 C, but in that case the rate 

of development showed the highest acceleration. 

Feltner and Massengale (26) reported that in alfalfa minimum 

temperatures during warm periods were more closely related to car

bohydrate reserve in the roots than were high temperatures, suggesting 
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that warm summer nights coupled with frequent cutting may influence 

considerably the depletion of carbohydrate reserves and subsequent 

reduction in growth and forage yield. Later, Robison (50) indicated 

that alfalfa plants grown under high night temperatures had lower leaf 

area indices when they reached the 25 per cent bloom stage of growth 

than when grown under cooler night temperatures. Plants grown 

under high night temperatures also exhibited reduced yields and lower 

carbohydrate reserves in the roots. Robison further showed that in the 

early stages of growth, younger plants were affected less by high night 

temperatures, but the continuation of high night temperatures resulted 

in a greater decline in carbohydrate in younger than in older plants. 

Effect of Temperature on Photosynthesis and Respiration 

The growth response of plants to temperature differs from 

species to species and possibly the effect of temperature is mediated 

by its influence on photosynthesis and respiration and, therefore, on 

carbohydrate supply. Gaastra (29) stated that the photo synthetic pro

cess consists of several different processes and the role of tempera

ture has been emphasized in each process. These processes are as 

follows: 

1. A diffusion process for the transport of COg from 
the external air towards the chloroplasts. The 
rate of this process depends mainly on the COg 
concentration in the external air and only slightly 
on temperature. Light can affect the diffusion 
rate only indirectly through an influence on the 
stomatal resistance. 
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2. A photochemical process which results in 
the conversion of light energy into 'assi-
milatory power' which is used for the 
reduction of COg. The photochemical 
process is influenced by light and not by 
COg or temperature. 

3. Biochemical processes which precede and 
succeed the reduction of CO„ finally result 
in the formation of carbohydrates. The 
biochemical processes are strongly 
affected by temperature and not by light. 

The effect of temperature on photosynthesis and respiration has 

been studied by numerous investigators (3, 4, 17, 24, 42, 47, 49). 

Meyer and Anderson (39) stated that the most favorable temperature 

for apparent photosynthesis in many plants is lower than that of re

spiration. They also reported that respiration rate of plants increased 

two to two and one-half times for each 10 C increase in temperature. 

Decker (17) reported that the rate of apparent photosynthesis in seed

lings of loblolly and red pine was approximately the same at 30 C as 

at 20C, but decreased about 45 per cent when the temperature was 

increased from 30 C to 40 C. Decker further found that the rate of 

respiration of both species doubled when the temperature was increased 

from 20 C to 30 C, and increased about 50 per cent from 30 C to 40 C. 

However, Ormrod (47) concluded from measuring the photosynthesis 

and respiration in young rice plants that respiration rates were slight 

at 40 C, and doubled at 60 C, and doubled again at 80 C. 
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Parker (49) measured photosynthesis and respiration of Picea 

ex eels a during late autumn and early winter near Munich, Germany. 

He concluded that some photosynthesis might occur when the tempera

ture was below freezing. However, Ehlers (23) pointed out that the 

weather previous to the time of measurement may affect photosyn

thesis. Ehlers also found that Pjnus nigra needles showed no photo

synthesis at 1 C when exposed to sub-freezing temperature for 

several days, but when kept at 15 C for a few days, and then exposed 

to 1 C that some photosynthesis occurred. 

A sharp drop in assimilation of carbohydrate by apple leaves 

at 35 C was observed by Waugh (69), and Decker (17) found the same 

at 40 C for pine. However, Decker (17) measured respiration at high 

temperatures and found the drop in net assimilation was too great to 

be explained by increased respiration alone. He also pointed out that 

the photosynthetic process may become "heat inactivated" at tempera

tures where respiration is still occurring at a rapid rate. 

El-Sharkawy and Hesketh (24) studied the behavior of leaf net 

photosynthesis of four unrelated species, namely, cotton, sunflower, 

sorghum, and Thespesia populnea under different temperatures rang

ing from 20 to 60 C. They concluded that temperature optimum for 

leaf net photosynthesis tend to occur at higher temperatures for leaves 

with higher photosynthetic rate and above this temperature optimum, 

net photosynthesis was depressed. However, rapid net photosynthesis 



could occur for at least a short time in temperatures of 30 C to 45 C. 

Moss et al. (42) reported that when a temperature differential was 

maintained between two growth chambers, corn in the warmer cham

ber had the highest assimilation. These workers also found that an 

increase in temperature increased the rate of respiration in corn. 

Respiration was always higher in the early morning hours, and at a 

temperature of 2 C respiration was so low that nqne could be observed. 

At about 12. 8 C the rate of respiration was easily measurable but still 

small. Between 12.8 and 24 C the respiration values gave a of -

somewhat less than 2. Furthermore, Moss et al. (42) suggested that 

under normal field conditions in New York, excessive respiration is 

not a probable cause of reduced yield in corn. 

Japanese workers including Murata and Iyama (45), Iyama et 

al. (37), and Murata et al. (46) studied the effect of temperature on 

photosynthesis and respiration of some forage crops. Murata and 

Iyama (45) found that most of the "northern type" forage crops showed 

their highest photosynthetic activity at 10 to 15 C, while "southern 

type" grasses such as bahiagrass and bermudagrass, showed their 

highest value at a far higher temperature, about 35 C. Murata et al. 

(46) compared short-term and long-term influences of temperature 

on photosynthesis and respiration among eight species, mainly 

southern type forage crops. They found that the photosynthesis of 

alfalfa, a "northern type" species, reached its highest activity at 10 
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to 25 C, while dallisgrass, rhodesgrass, and other "southern type" 

species showed highest photo synthetic activity at 25 to 40 C. In con

trast to this, little specific difference was noted in their respiratory 

response to temperature. 

Beinhart (3) measured CO uptake by white clover leaves at 

all combinations of 10, 20, and 30 C and 800, 1, 200, and 4, 200 ft-c 

light intensities. Maximum photo synthetic rates occurred at 30 C 

for all light-intensities and at 10C, CO^ uptake did not change signifi

cantly as light intensity increased, but at 20 and 30 C, significant 

increase in COg uptake occurred as light intensity was increased. 

Additionally, Beinhart reported that in leaf tissue of white clover, 

respiration rates varied directly with temperature from 20 to 35 C, 

and remained nearly constant during the measurement period. Above 

35 C, respiration rates decreased with time and the decline was sharp 

at 45 C, while at 50 C there was practically no O^ exchange after the 

second hour. 



MATERIALS AND METHODS 

This study was conducted at the University of Arizona, Tucson, 

Arizona. The field work was done on the Campbell Avenue Farm and 

the greenhouse work in the Agronomy greenhouse on the University of 

Arizona campus. 

The plant materials used in this study were eight different 

species of grasses, five species of clovers, and seven varieties and 

strains of alfalfa. The common names as well as the scientific names 

for the different species of grasses and legumes are given in Table 1 

and Table 2 respectively. Sainfoin plants (Onobrychis viciaefolia L.) 

were also used and have been treated with the clover group in the analy

sis of variance and in the growth analysis. Three experiments were 

conducted in the field and were seeded on October 7th, 1964, April 4th, 

1965, and October 15th, 1965. 

The experimental design used in the three field experiments 

was a randomized complete block with six replications. The individual 

plot was represented by one row of plants five meters long. A strip 

one meter wide was left without seeding as a border between each 

replication. Superphosphate and ammonium nitrate at rates 222 and 

111 kilos per hectare, respectively, had been incorporated in a Gila 

sandy loam soil during the preparation of the soil prior to seeding. 
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TABLE 1. --The scientific and common names of the eight species of 
grasses used to study the dry matter accumulation and 
leaf area development. 

Scientific Name 
* 

Common Name 

Avena sativa L. 

Avena sativa L. 

Bromus inermis Leyss. 

Dactylis glomerata L. 

Festuca arundinacea Schreb. 

Hordeum vulgare L. 

Lolium perenne L. 

Secale cereale L. 

Triticum aestivum L. 

Markton oat 

Mesa oat 

Lincoln bro me grass 

Latar orchardgrass 

Goar tall fescue 

Harlan barley 

Common ryegrass 

Elbon rye 

Ramona 50 wheat 

* 
Manual of the grasses of the United States, A. S. Hitchcock, 1950. 
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TABLE 2. - -The scientific, common and varietal names of legumes 
used to study dry matter accumulation and leaf area 
development. 

Scientific Names Common and Varietal Names 

Melilotus alba .Desr. Common white sweet clover 

Melilotus alba annua Desr. Hubam sweet clover 

Onobrychis viciaefolia Lam. Sainfoin 

Trifolium alexandrinum L. Miscawi berseem clover 

Trifolium hybridum L. Alsike clover 

Trifolium pratense L. Kenland red clover 

Trifolium repens L. Ladino clover 

Medicago sativa L. Alfalfa 

a. Du Puits 

b. Mesa-Sirsa (large seed) 

c. Mesa-Sirsa (synthetic-2) 

d. Ranger 

e. Sonora 

f. Southwest-17 (SW-17) 

g- Vernal 
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After the species were randomly assigned to the plots, seeds 

inoculated with the proper nitrogen-fixing bacteria (Rhizobia) were 

seeded by hand on the top of the ridges. The seeds were covered with 

soil to a depth of one and a half cms. and irrigation water was applied 

the second day after seeding. Water was permitted to flow over the 

tops of the rows to make enough water available for quick germination 

of the seeds. Subsequently, the soil was watered whenever it was 

needed. 

Dry Weight and Leaf Area Determination 

When the seedlings were approximately one month of age, 

measurements of leaf area and dry matter were initiated and continued 

at intervals of one week in the spring seeding (April 4, 1965), and of 

two weeks in the fall seeding (October 15, 1965). Plants were dug and 

washed, and eighteen plants of each species were selected at random. 

In the laboratory, the plants were divided into two groups, each con

sisting of nine plants. One group was used for leaf area determina-

tionrand the second for dry matter accumulation. Each group of plants 

was further divided into three subgroups, with each subgroup consisting 

of three plants which represented three samples for determination. 

Each of the three samples for dry weight determination was placed in 

a Kraft paper bag and placed in a controlled air ventilated oven and 

dried at 105 C for 24 hours. The dry matter was recorded in grams. 
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Leaf area was obtained by detaching the leaves from the stems 

and the fresh weight of the leaves of each subgroup (three plants) was 

recorded. Leaves of the three subgroups were then mixed and a ran

dom sample of leaves, approximately twenty to twenty-five leaves, 

were taken and the fresh weight recorded. These leaves were placed 

on Scotch tape, then taped to white poster paper and verifaxed (Kodak 

Model L2 Verifax Copier Machine) to reproduce an exact image of 

each leaf. The outlines of the image of the leaves on the verifax paper 

were cut out and weighed. The weight of the exact images divided by 

2 
the weight of one dm of the verifax paper gave a factor, in turn 

multiplying this factor by the fresh weight of the leaves of the three 

2 
subgroups gave the leaf area in dm per three plants. 

Photosynthetic Measurements 

The standard leaf chamber technique as described by Hesketh 

(35, 36) and El-Sharkawy and Hesketh (24) was used for leaf photosyn

thetic measurements. A Beckman infrared COg analyzer (Beckman 

Model IR 15, Beckman Instruments, Inc., Fullerton, California, 

U.S. A.) was used and calibrated with standard air-CO g mixture pre

pared by Matheson Company, Inc., Newark, California. By differen

tially sampling the standard air-COg mixture and air from an ascarite 

column, which represents zero CO concentration, the machine could 
a 

be calibrated. 
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The leaf chamber was semi-circular in shape, made of plexi

glass on the bottom side and covered on the top by polyvinyl plastic. 

The chamber opened from the bottom (Fig. 1). This small half-round 

chamber was designed for small plants with small leaves. Air was 

pumped or forced through the leaf chamber, and before the air entered 

the leaf chamber, it passed through a coil of copper tubing, immersed 

in crushed ice to stabilize the air temperature. 

The light source for measurement of photosynthesis in the lab

oratory was seven 300-watt incandescent lights. The lights were in a 

running water bath to keep them cool and to prevent the leaf chamber 

from heating. There was 1/4 inch of plexiglass and 31/4 inch of water 

between the lights and the leaf chamber. 

The air flow rate through the leaf chamber was determined with 

a rotameter which was connected in the hose line between the copper 

coil and the chamber. Air flow varied from 40 to 60 liters per minute. 

Air from the laboratory air lines, which was known to have a COg con

centration of approximately 300 ppm, was used. To adjust the COg 

content, air from one line over 300 ppm was mixed with air from 

another line which was passed through ascarite. The mixture was 

closely calibrated to 300 ppm. A suction pump was used to obtain a 

sample of this air both before and after it passed through the leaf 

chamber and routed it through the analyzer alternately. The air sam

ple passing through the analyzer was dried by passing through a column 



29 

Fig. 1. - -Leaf chamber which was designed for measuring 
photosynthetic rates in forage plants. Photograph taken during the 
course of measurements under full sunlight on the Campbell Avenue 
Farm, Tucson, Arizona. 
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of anhydrous magnesium per chlorate (Anhydrone). The output of the 

analyzer was fed to a continuous adjustable model H Azar recorder 

(Leads and Northrup, Philadelphia, Pennsylvania), where the signal 

was amplified ten to twenty times. By differentially sampling the air 

for COg content before it entered the leaf chamber and as it left the 

chamber, rates of COg assimilation could be computed. 

The field technique for measuring photosynthesis varied some

what from the laboratory. Full sunlight was used with all leaves being 

positioned perpendicular to the incident light from the sun as shown in 

Figs. 1 and 2. The air source was from a large igloo-type tent (Ther

mos). The tent was used as a mixing chamber to reduce the variability 

in CO content of outside air. A vacuum cleaner blower was used to 
A 

move the air from the tent through the leaf chamber. The blower had 

enough capacity to deliver the required volume of air through 3/4 inch 

garden hose fifteen to twenty feet long. The analyzer and recorder 

were housed in an air-conditioned house trailer as shown in Fig. 3. 

The same suction pump that was used to draw the air through 

the analyzer in the laboratory was also used in the field. Since the 

distance was further, the lag time was longer (up to thirty seconds). 

When the plants were growing rapidly in the field, during April 

and May, leaf net photo synthetic rates were measured on three samp

les taken at random in each species. Younger leaves which were 

located on the tops of the shoots were selected for measurements to 



Fig. 2. - -Photograph shows the leaf chamber and the con
nections to the rotameter which measured the air flow entering the 
leaf chamber. 
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Fig. 3. - -Photograph taken of the air-conditioned house trailer 
which enclosed the infrared analyzer and the recorder. The trailer 
was placed close to the experimental field on the Campbell Avenue 
Farm, Tucson, Arizona. 
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eliminate the variability due to leaf age. Measurements were made 

between 9:00 and 11:00 A.M. to guarantee full sunlight and at the same 

time avoid higher temperatures occurring in the afternoon. Photosyn-

thetic rates were measured on three different dates (during the period 

between April 6th and May 29th, 1965) representing three different 

temperatures. Temperature within the leaf chamber was recorded 

with a thermometer while the measurement was being taken. 

The portion of the stems, including the leaves which were in

side the leaf chamber, was cut and put in Kraft paper bags and trans

ferred to the laboratory, immersed in crushed ice for leaf area 

determination following the method described earlier. 

Net photosynthetic rates of leaves were measured in the labora

tory for plants grown in pots, both inside and outside the greenhouse, 

to study the effect of growing plants in the greenhouse. Three samp

les were measured in each species and each sample was obtained from 

a different plant. All the photosynthetic rates obtained, both in field 

2 2 
and laboratory, were expressed as mg CO^ per dm per hour (dm 

hr). 

During both the 1965 and 1966 growing seasons, maximum and 

minimum air temperatures at a height of one foot above the soil surface 

were obtained from a hygrothermograph placed in a shelter in the ex

perimental area. 
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Net photo synthetic and respiratory rates, as O^ evolved and 

Og uptake, respectively, were measured in a Warburg apparatus using 

plants grown in pots in the greenhouse. The measurements were made 

at a constant COg pressure (. 03%) using the manometric method des

cribed by Pardee (48). Details of this method will be listed in Appen-

2 
dix A. Leaf disks (50mm ) were cut with a cork borer from young and 

actively growing leaves; and ten disks were transferred into Warburg 

flasks for measuring the net photo synthetic and respiratory rates under 

different temperatures. The temperatures used were 15, 25, 35, and 

45 C. 

Statistical Analysis 

The data were processed by the University of Arizona Numeri

cal Analysis Laboratory using the I. B. M. 7072 equipment which was 

programmed for analysis of variance and correlation coefficients of 

all plant characteristics studied. 



EXPERIMENTAL RESULTS 

This section is divided into two parts: (a) dry weight accumula

tion and leaf area development, and (b) the effect of temperature on 

leaf net photosynthetic and respiratory rates under field and laboratory 

conditions. 

Air Temperature 

Air temperatures, at 30 cm above the soil level and among 

plants growing in the field are shown in Figs. 4 and 5. The average 

daily maximum and minimum temperatures for each week during the 

spring season of April 4th, to June 17th, 1965, are shown in Fig. 4. 

The highest temperature recorded during this period was 37.7 C on 

May 29th, and the lowest temperature recorded was 2.2 C on the night 

of April 14th, 1965. 

The average daily maximum and minimum temperatures during 

a two-week period for the growth season which started November 13th, 

1965 and ended May 12th, 1966, are shown in Fig. 5. The highest tem

perature recorded during this period was 37. 7 C on May 7th and 9th, 

1966. The high minimum temperature was 20 C on May 2nd, 1966. 

Minimum temperatures of 4. 4 C or below were recorded for 84 days 

and temperatures of zero or below were recorded for 41 days during 

35 
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Fig. 4. - -Average maximum and minimum daily air temperature at 30 cm above soil 
surface for each week during the period from April 1 to June 12, 1965. 
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Fig. 5. —Average maximum and minimum daily air temperature at 30 cm above soil 
surface for each two-week period from Nov. 13, 1965 to May 12, 1966. 
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the growth season of November 1965 through May 12, 1966. 

Air temperatures are discussed as they relate to other variar 

bles in subsequent sections. 

Dry Weight and Leaf Area Development 

The dry weight and leaf area determinations were initiated 

when the plants were one month old and continued at equal intervals of 

one week during the spring seeding and at intervals of two weeks dur

ing the fall seeding. In each instance, determinations were continued 

until the plants started flowering. 

Tables 3 through 20 summarize the analyses of variance as well 

as the means for dry matter accumulation and leaf area development 

for grasses, clovers, and alfalfa, during the spring and fall seeding. 

The data show that there were highly significant differences in the dry 

matter accumulation and leaf area development among the species of 

grasses and clovers and the alfalfa varieties and strains during both 

seasons of growth. 

In the spring seeding, Mesa oats and Hubam sweet clover re

corded the highest rate of dry matter accumulation as well as the leaf 

area development. Ramona 50 wheat and Alsike clover were the lowest 

in both dry matter and leaf area in the grass and clover groups, res

pectively. Mesa-Sirsa (synthetic -2), Sonora, and SW-17 alfalfa plants 

showed higher rates in dry matter and leaf area, while Mesa-Sirsa 
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TABLE 3. - -Average dry weight of total plant (roots, stems and 
leaves) and leaf area for three plants of different species 
of grasses per week. Spring seeding, 1965. 

Dry weight Leaf area 
opcciss 

gms dm2 

Mesa oat 
Harlan barley 
Markton oat 
Elbon rye 
Ramona 50 wheat 

16.61 cV 

14.55 c 
10.14 b 
7.19 a 
6.27 a 

12.56 e* 
7.42 c 
8.42 d 
6. 08 b 
4.10 a 

Sx . 490 . 173 

Means values followed by the same letter are not significantly differ
ent at the . 05 level using Duncan's multiple range test (22). 

TABLE 4. - -Summary of the analysis of variance for dry matter accu
mulation for different species of grasses. Spring seeding, 
1965. 

Source df SS MS F 

Species 4 1471.19 367. 80 84. 96** 
Error A 1/ 10 43.29 4. 33 

Dates 5 11548.65 2309.73 628.78** 
Dates x species 20 1667.44 83. 37 22.62** 

Error B 2/ 50 184.26 3. 69 
Total 89 14914. 83 

1/ Error A = replications + replication x species 

2/ Error B = replications x dates + replications x dates x species 

** Significant at the . 01 level 
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TABLE 5. - -Summary of the analysis of variance for leaf area develop
ment for different species of grasses. Spring seeding, 
1965. 

Source df SS MS F 

Species 4 716.40 179.10 332.42** 
Error A 1/ 10 5. 39 .54 

Dates 5 4136. 84 827. 37 512.61** 
Dates x species 20 985.04 49. 25 30.52** 

Error B 2/ 50 80.70 1. 61 
- Total 89 5924.36 

1 / Error A = replications + replication x species 

2] Error B = replications x dates + replications x dates x species 

** Significant at the . 01 level 

TABLE 6. - -Average dry weight of total plant (roots, stems and leaves) 
and leaf area for three plants of different species of clovers 
per week. Spring seeding, 1965. 

Dry Weight Leaf Area 
Species ~ 

gms dm 

>'< s'c 
Hubam sweet 7. 47 d 5.58 d 
Miscawi berseem 4. 17 c 2.90 c 
Kenland red 1. 07 b 1. 45 b 
Ladino . 70 ab . 74 a 
Alsike . 42 a . 65 a 

Sx .179 .068 
— -

Means values followed by the same letter are not significantly different 
at the . 05 level using Duncan'.s multiple range test (22) 
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TABLE 7. - -Summary of the analysis of variance for dry matter 
accumulation for different species of clovers. Spring 
seeding, 1965. 

Source df SS MS F 

Species 4 771.27 192.82 286. 64** 
Error A 1/ 10 6. 73 . 67 

Dates 6 1113.61 185. 60 268.04** 
Dates x species 24 1277. 77 53. 24 76.89** 

Error B 2/ 60 41.55 . 69 
Total 104 3210.92 

1_/ Error A = replications + replications x species 

2/ Error B = replications x dates + replications x dates x species 

** Significant at the . 01 level 

TABLE 8.--Summary of the analysis of variance for leaf area develop
ment for different species of clovers. Spring seeding, 
1965. 

Source df SS MS F 

Species 4 357.02 89. 25 910. 36** 
Error A 1/ 10 . 98 . 10 

Dates 6 579.49 96.58 1008.37** 
Dates x species 24 467.14 19. 46 203. 22** 

Error B 2/ 60 5.75 . 10 
Total 104 1410. 38 

1/ Error A = replications + replications x species 

2/ Error B = replications x dates + replications x dates x species 

** Significant at the . 01 level 
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TABLE 9. - -Average dry weight of total plant (roots, stems and 
leaves) and leaf area for three plants of different varieties 
and strains of alfalfa per week. Spring seeding, 1965. 

Dry weight Leaf area 
Varieties ^ 

gms dm 

SW-17 8.56 
* 

c 4.88 
* 

be 
Mesa-Sirsa (synthetic-2) 8.47 c 4.75 be 
Sonora 7.73 be 5.07 be 
Ranger 7.24 b 5.31 c 
Du Puits 6.04 a 4.07 a 
V ernal 5.51 a 4.47 ab 
Mesa-Sirsa (large seed) 5.49 a 3.96 a 

Sx .275 .188 

* Means values followed by the same letter are not significantly dif
ferent at the . 05 level using Duncan's multiple range test (22). 

TABLE 10. - -Summary of the analysis of variance for dry matter ac
cumulation for different varieties and strains of alfalfa. 
Spring seeding, 1965. 

Source df SS MS F 

Varieties 6 31. 76 5. 29 7.14** 
Error A 1/ 14 10. 38 . 74 

Dates 6 3491.97 582.00 1011.18** 
Dates x species 36 195.02 5. 42 9.41** 

Error B 2/ 84 48.35 . 58 
Total 146 3777.48 

1J Error A - replications + replications x varieties 

2J Error B = replications x dates + replications x dates x varieties 

** Significant at the . 01 level 
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TABLE 11. - -Summary of the analysis of variance for leaf area 
development for different varieties and strains of alfalfa. 
Spring seeding, 1965. 

Source df SS MS F 

Varieties 6 31.76 5.29 7.14** 
Error A 1/ 14 10. 38 .74 

Dates 6 3491.97 582.00 1011.18** 
Dates x species 36 195.02 5.42 9.41** 

Error B 2/ 84 48. 35 .58 
Total 146 3777.48 

1J Error A = replications + replications x varieties 

2_/ Error B = replications x dates + replications x dates x varieties 

=;<* Significant at the . 01 level 
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TABLE 12. - -Average dry weight of total plant (roots, stems and 
leaves) and leaf area for three plants of different species 
of grasses per two weeks. Fall seeding, 1965. 

Dry Weight Leaf Area 
Species ^ 

gms dm 

* * 
Harlan barley 71.37 d 21.71 e 
Ramona 50 wheat 70.40 d 20.19 d 
Elbon rye 63.46 c 15.43 c 
Markton oat 60.21 c 23. 02 e 
Mesa oat 47. 38 b 22.53 e 
Common ryegrass 4.73 a 4.20 b 
Lincoln bromegrass 4. 00 a 3. 03 ab 
Goar tall fescue 2. 88 a 2. 38 a 
Latar or char dgr ass 2.11 a 1. 74 a 

Means values followed by the same letter are not significantly dif
ferent at the . 05 level using Duncan's multiple range test (22). 
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TABLE 13. - -Summary of the analysis of variance for dry matter 
accumulation for different species of grasses. Fall 
seeding, 1965. 

Source df SS MS F 

Species 8 293461.84 36682.73 568. 40** 
Error A 1/ 18 1161.67 64.53 

Dates 11 476562.84 43323.89 661. 03** 
Dates x species 88 475676. 02 5405.41 82. 47** 

Error B 2/ 198 12976. 97 65.54 
Total 323 1259839.30 

TABLE 14. - -Summary of the analysis of variance for leaf area devel
opment for different species of grasses. Fall seeding, 
1965. 

Source df SS MS F 

Species 8 26641.82 3330.23 368.39** 
Error A 1/ 18 162.72 9.04 

Dates 11 21521.02 1956,46 229.39** 
Dates x species 88 17292.51 196.51 23.04** 

Error B 2/ 198 1688.75 8. 53 
Total 323 67306.82 

1/ Error A = replications + replications x species 

2_! Error B = replications x dates + replications x dates x varieties 

** Significant at the . 01 level 
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TABLE 15. - -Average dry weight of total plant (roots, stems and 
leaves) and leaf area for three plants of different species 
of clovers and sainfoin plants per two weeks. Fall 
seeding, 1965. 

Dry Weight Leaf Area 
Species ^ 

gms dm 

Hubam sweet 10.42 
. * 
e 

* 
5.09 e 

Miscawi berseem 8.20 d 6.92 f 
Kenland red 6. 71 c 2.98 c 
Sainfoin 5.99 b 3.68 d 
Ladino 1. 77 a 1.26 b 
Alsike 1.23 a 1.36 b 
Common white sweet 1.18 a . 66 a 

Sx .233 .141 

>]< 

Means values followed by the same letter are not significantly different 
at the . 05 level using Duncan's multiple range test (22). 
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TABLE 16. - -Summary of the analysis of variance for dry matter 
accumulation for different species of clovers. Fall 
seeding, 1965. 

Source df SS MS F 

Species 6 3221. 48 536.91 253. 04** 
Error A 1/ 14 29. 71 2.12 

Dates 12 23072. 31 1922.69 1360. 69** 
Dates x species 72 13152. 35 182.67 129. 28** 

Error B 2/ 168 273. 39 1.41 
Total 272 39713. 23 

TABLE 17. - -Summary of the analysis of variance for leaf area 
development for different species of clovers. Fall 
seeding, 1965. 

Source df SS MS F 

Species 6 1217.68 202.95 263.56** 
Error A 1/ 14 10.78 .77 

Dates 12 7243.14 603.59 857.40** 
Dates x species 72 3002.82 41.71 59.24** 

Error B 2/ 168 118.27 .70 
Total 272 11592.69 

JL/ Error A = replications + replications x species 

2j Error B = replications x dates + replications x dates x species 

** Significant at the . 01 level 
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TABLE 18. - -Average dry weight of total plant (roots, stems and 
leaves) and leaf area for three plants of different 
varieties and strains of alfalfa per two weeks. Fall 
seeding, 1965. 

Dry weight Leaf area 
Varieties ^ 

gms dm 

* * 
Mesa-Sirsa (synthetic-2) 14; 69 d 8. 23 d 
Mesa-Sirsa (large seed) 10. 15 c 5. 53 c 
Sonora 7. 62 b 5. 20 c 
SW-17 7. 55 b 4. 60 b 
Du Puits 7. 30 ab 4. 41 b 
Ranger 6. 81 ab 4. 33 ab 
Vernal 6. 41 a 3. 97 a 

Sx • 319 . 123 

Means values followed by the same letter are not significantly 
different at the . 05 level using Duncan's multiple range test (22). 
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TABLE 19. - -Summary of the analysis of variance for dry matter 
accumulation for different varieties and strains of 
alfalfa. Fall seeding, 1965. 

Source df SS MS F 

Varieties 6 1994. 89 332.48 83.74** 
Error A 1/ 14 55. 58 3.97 

Dates 12 20161. 28 5846.77 1805.56** 
Dates x varieties 72 6129. 21 85.13 26.29** 

Error B 2/ 168 544. 02 3.24 
Total 272 78884. 98 

TABLE 20. --Summary of the analysis of variance for leaf area 
development for different varieties and strains of alfalfa. 
Fall seeding, 1965. 

Source df SS MS F 

Varieties 6 489.17 81.53 139.12** 
Error A 1/ 14 8. 20 .59 

Dates 12 18643.15 1553.60 1665.38** 
Dates x varieties 72 1736.20 24.11 25.85** 

Error B 2/ 168 156.72 .93 
Total 272 21033.44 

1 / Error A = replications + replications x varieties 

2/ Error B = replications x dates + replications x dates x species 

** Significant at the . 01 level 
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(large seed) was the lowest in both. 

In the fall seeding, Harlan barley and Ramona 50 wheat record

ed higher rates in both dry matter accumulation and leaf area develop

ment, while Lincoln bromegrass, Goar tall fescue, Latar orchard-

grass, and common ryegrass were the lowest in both variables. In 

the clover group, Hubam sweet clover-and Miscawi berseem clover 

were significantly higher in producing dry matter and leaf area, while 

Alsike, Ladino, and common white sweet clovers accumulated less 

dry matter and leaf area. Mesa-Sirsa (synthetic -2) alfalfa recorded 

the highest rates while Ranger and Vernal were the lowest in accumu

lating both dry matter and leaf area. 

Highly significant differences were found between the dates of 

determination which indicated the importance of air temperature, 

which was the main focus of this study. 

The interaction between species and dates of determination was 

highly significant for both dry matter accumulation and leaf area 

development. This indicated that the species of grasses, clovers, 

and alfalfa varieties and strains did not react similarly to the effect of 

temperature in accumulating dry matter as well as developing leaf 

area. The same response existed in both the spring and fall seedings. 

Seedlings of Lincoln bromegrass, Goar tall fescue, Latar 

orchardgrass, and ryegrass wilted and died after emergence during 

the spring season of 1965. There was not enough data available from 
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these four species during the spring seeding to be compared with the 

other grass species. The cause of failure of these species was not 

known. 

All species of grasses and clovers and the alfalfa varieties and 

strains attained the same level of dry matter production and leaf area 

within a shorter period of time during the spring seeding compared to 

the fall seeding. These differences may be attributed to the effect of 

increased temperatures and daylengths which were prevailing at a more 

optimum level for growth during the spring. 

Correlations coefficients of the dry matter accumulation and 

leaf area development for species within three different groups (gras

ses, clovers, and alfalfa) during both spring and fall seedings are 

shown in Tables 21, 22, and 23. These results showed highly signifi

cant and positive correlations for all species, varieties, and strains 

during both seasons of growth, which emphasized the dependence of the 

dry matter production on the amount of leaf area. 

Growth Analysis 

Determination of dry weight (including those of the root) and 

leaf area in seven consecutive periods of one week each during the 

spring season of growth in 1965 and for thirteen consecutive two-week 

periods during the fall and winter of 1965-1966 permitted growth of 

grass, clover and alfalfa plants to be analyzed in terms of relative 
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TABLE 21. --Correlation coefficients of dry matter accumulation 
and leaf area development for different grass species 
during two seasons of growth. 

Species Spring seeding Fall seeding 
1965 1965 

Lincoln bromegrass --- 1/ . 99** 
Goar tall fescue --- 1/ . 99** 
Latar orchardgrass . . .  J/ . 98** 
Common ryegrass 1/ . 97** 
Elbon rye . 94** . 76** 
Harlan barley . 87** . 50** 
Ramona 50 wheat . 98** . 56** 
Markton oat . 99** . 73** 
Mesa oat . 81** . 91** 

1/ Data were not available for Lincoln bromegrass, Goar tall fescue, 
Latar orchardgrass and common ryegrass during the spring seeding. 

** Significant at the . 01 level 
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TABLE 22. - -Correlation coefficients of dry matter accumulation and 
leaf area development for different clover species and 
sainfoin plants during two seasons of growth. 

Species Spring seeding Fall seeding 
1965 1965 

Sainfoin --- 1/ . 98** 
Alsike . 96** . 96** 
Ladino . 97** . 99** 
Hubam sweet . 98** . 98** 
Kenland red . 92** . 95** 
Miscawi berseem . 95** . 99** 
Common white sweet — 1/ . 97** 

1_/ Data were not available for sainfoin and common white sweet 
clover during the spring seeding. 

** Significant at the . 01 level 
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TABLE 23. - -Correlation coefficients of dry matter accumulation and 
leaf area development for different varieties and strains 
of alfalfa during two seasons of growth. 

Varieties and Spring seeding Fall seeding 
strains 1965 1965 

Mesa-Sirsa (large seed) . 95** . 92** 
Mesa-Sirsa (synthetic-2) . 97** , 94** 
Ranger . 98** . 97** 
Vernal . 97** . 98** 
Du Puits . 97** . 99** 
Sonora . 98** . 99** 
SW-17 . 94** . 98** 

** Significant at the . 01 level 
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growth rate, net assimilation rate, and leaf area ratio. 

Relative growth rates, net assimilation rates, and leaf area 

ratio for seedings made both in the spring and fall are shown in Appen

dix B. These data were obtained from the total dry weight and leaf 

area of nine plants at each time of determination. The relative growth 

rate was expressed as grams of dry weight per nine plants per week 

and net assimilation rate was expressed as grams of dry weight per 

2 
one dm of leaf area per week. 

Briggs et al. (11) pointed out that relative growth rate is the 

product of net assimilation rate and the ratio of leaf area to plant 

weight or the leaf area ratio. These interrelationships were studied 

in the present investigation. Correlation coefficients of relative growth 

rates with net assimilation rates and leaf area ratio are shown in 

Tables 24, 25, and 26 for both dates of seeding. Note that in all cases 

the partial regression coefficients of relative growth rate with net 

assimilation rates were significant, during both times of seeding. The 

regression coefficients for relative growth rates with leaf area ratios 

were significant in all cases for both seasons of growth except Harlan 

barley, Ramona 50 wheat, and Mesa oat during the spring season. 

Perhaps, these data can be partially explained by the fact that most 

of the lower leaves in these species lost their photosynthetic activity 

early and became parasitic in the middle stages of growth, which 
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TABLE 24. - -Correlation coefficients of relative growth rate with net 
assimilation rate and leaf area ratio for some grass 
species for both spring and fall seedings. 

Species 
Spring seeding Fall seeding 

Species 
N. A. R. L. A. R. N. A. R. L. A< R. 

Lincoln bromegrass 1/ — 1/ . 91** . 78** 
Goar tall fescue --- 1/ — 1/ . 94** . 67* 
Latar orchardgrass — 1/ — 1/ . 85** . 73** 
Common ryegrass --- 1/ — 1/ . 92** . 91** 
Elbon rye . 98** . 89* . 63* . 79** 
Harlan barley . 96* .87 . 61* . 82** 
Ramona 50 wheat . 99** . 82 . 78** . 80** 
Markton oat . 99** .96* . 83** . 77** 
Mesa oat . 88* . 86 . 88** . 80** 

1/ Data were not available for Lincoln bromegrass, Goar tall fescue, 
Latar orchardgrass and common ryegrass during the spring seeding. 

* Significant at the . 05 level 

** Significant at the . 01 level 
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TABLE 25. --Correlation coefficients of relative growth rate with net 
assimilation rate and leaf area ratio for sainfoin plants 
and some clover species for both spring and fall seed-
ings. 

Spring seeding Fall seeding 
Op6 C1C S 

N. A. R. L. A. Hi. N. A. R. L. A* R. 

Sainfoin 1/ — 1/ . 99** . 77** 
Alsike . 99** . 85* . 74** . 78** 
Ladino . 99** . 93** . 76** . 78** 
Hubam sweet . 99** . 93** .95** . 78** 
Kenland red . 98** .81* . 93** . 67** 
Miscawi berseem . 98** . 95** . 97** . 79** 
Common white sweet — 1/ --- 1/ .91** . 85** 

MM 

1J Data were not available for sainfoin and common white sweet clover 
during the spring seeding. 

* Significant at the . 05 level 

** Significant at the . 01 level 
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TABLE 26. --Correlation coefficients of relative growth rate with net 
assimilation rate and leaf area ratio for some alfalfa 
varieties and strains for both spring and fall seedings. 

Varieties and 
Spring seeding Fall seeding 

strains ^ 
. A. R. Li( A. R. N. A.R. L. A. R. 

Mesa-Sirsa (large seed) . 99** .72 . 92** . 78** 
Mesa-Sirsa (synthetic-2). 97** . 94** . 96** . 83** 
Ranger 98** . 92** . 97** . 78** 
Vernal 99** . 98** . 95** . 66* 
Du Puits 96** . 91* . 98** . 80** 
Sonora 99** . 95** . 99** . 83** 
SW-17 91* . 95** . 99** . 79** 

* Significant at the . 05 level 

** Significant at the . 01 level 
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might upset the trend of the ratio of photo synthetic to non-photo syn

thetic tissue. 

Effect of Temperatures on Growth Variables 

The variation of yield in terms of growth and development of 

forage crop plants is obviously very complex. It involves the effect 

of a number of external factors on all the physiological processes of 

the plant, the interaction between processes, and their dependence on 

the internal factors determined by the genetic make-up of the plant. 

Climatic factors exert a profound influence on dry matter accumula

tion during the developmental stages. 

Temperature is one of the important climatic factors which 

controls the yields of forage communities. Therefore, it is important 

to study the relationships between this factor and the other determi

nants of growth. 

The correlation coefficients of the maximum and minimum 
• 

temperature with the relative growth rate, net assimilation rate, and 

leaf area ratio during the spring season of 1965 are presented in 

Tables 27, 28, and 29. No significant correlation existed between the 

maximum and minimum temperature and the relative growth and net 

assimilation rate in some of the species. This may be explained in 

part by the fact that the range of temperature which was prevailing 

during the spring season was optimal for growth of certain species. 
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TABLE 27. - -Correlation coefficients of weekly average daily maxi
mum and minimum temperatures with relative growth 
rate, net assimilation rate, and leaf area ratio for some 
grass species. Spring seeding, 1965. 

Average maximum Average minimum 
temperature temperature 

Species 
R.G.R. N. A. R. L. A. R. R.G.R. N.A.R. L.A.R. 

Elbon rye . 91* . 93* . 97** . 90* . 93* . 98** 
Harlan barley . 86 . 86 . 94* .86 . 86 . 93* 
Ramona 50 wheat . 83 . 81 . 99** •

 00
 

CO
 

•
 00

 
1—

* 

CO
 

CO
 

•X
. 

Markton oat . 96** . 97** . 99** . 96** . 97** . 99** 
Mesa oat . 9 6** .78 . 89* . 96** .76 00

 
CO

 
-X

 

TABLE 28. --Correlation coefficients of weekly average daily maxi
mum and minimum temperatures with relative growth 
rate, net assimilation rate, and leaf area ratio for 
some clover species. Spring seeding, 1965. 

Average maximum Average minimum 
temperature temperature 

Species 
R.G.R. N.A.R. L.A.R. R.G.R. N.A.R. L.A.R. 

Alsike . 85* . 86* .86* . 85* .85* 

.w
, CD 00 • 

Ladino . 88* • CO
 

. 92** • 00
 

V
 . 86* . 92** 

Hubam sweet . 86* . 81* . 96** . 85* 

i—
l 00 • . 96** 

Kenland red .78 .79 .91* 

00 • . 79 .91* 
Miscawi berseem . 83* .81* . 92** . 82* 

o
 

00 • . 92** 

* Significant at the . 05 level 

** Significant at the . 01 level 
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TABLE 29.--Correlation coefficients of weekly average daily maxi
mum and minimum temperatures with relative growth 
rate, net assimilation rate, and leaf area ratio for some 
alfalfa varieties and strains. Spring seeding, 1965. 

Average maximum Average minimum 
Varieties and temperature temperature 

strains — 
R. G. R. N. A. R. L. A. R. R. G. R. N. A. R. L. A. R 

Mesa-Sirsa 
(large seed) . 62 . 66 . 95** . 64 . 64 . 94** 

Mesa-Sirsa 
(synthetic-2) . 83* . 78 . 96** . 84* . 79 . 96** 

Ranger .80 . 76 . 93** . 78 .75 . 92** 
Vernal . 89* . 86* . 95** . 88* . 86* . 95** 
Du Puits . 86* . 81* . 89* . 86* . 82* . 87* 
Sonora .85* . 83* . 93** .85* . 83* . 93** 
SW-17 . 89* . 75 . 95** . 88* .75 . 94** 

* Significant at 

** Significant at 

the . 05 

the . 01 

level 

level 
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However, it is believed that within the temperature range during the 

spring season (weekly means during the course of the experiment from 

12. 7 C to 31. 6 C), the rate of growth of certain species was determined 

by factors other than the temperature. Tables 27, 28 and 29 showed 

that during the spring season, a positive and significant correlation 

existed between the leaf area ratio and weekly average daily maximum 

and minimum temperature in all species. This might indicate that any 

temperature fluctuation has a pronounced effect on the distribution of 

the assimilates in producing additional assimilating tissue. 

Correlation coefficients of daily maximum and minimum temp

eratures for a two-week period with the relative growth rate, net 

assimilation rate, and leaf area ratio during the fall and winter growth 

period are shown in Tables 30, 31, and 32. It is interesting to find in 

all the species of grasses, clovers, and the alfalfa varieties and 

strains that there was a significant relationship between the maximum 

and minimum temperatures with the other variables. This relation

ship can be partly explained by the fact that daily mean maximum as 

well as mean minimum temperatures were lower during the fall and 

winter period which might have slowed down the physiological proces

ses in the plants (the minimum temperatures were zero C or below 

during 41 days during the fall and winter of 1965-1966). 
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TABLE 30. - -Correlation coefficients of average daily maximum and 
minimum temperatures for a two-week period with 
relative growth rate, net assimilation rate, and leaf 
area ratio for some grass species. Fall seeding, 1965. 

Average maximum Average minimum 
temperature temperature 

Species 
R. G. R. N. A. R. L. A.R. R. G. R. N. A.R. L. A.R. 

Lincoln brome-
grass . 82** . 83** . 68* . 85** . 83** .73* 

Goar tall fescue . 68* .55 . 78** .71* .56 . 83** 
Latar orchard-

grass . 73* .70* .58 . 74** . 68* . 63* 
Common ryegrass . 74** . 81** . 81** . 76** 

00 

. 82** 
Elbon rye . 85** . 78** . 79** . 88** . 77** . 81** 
Harlan barley . 80** . 63* . 77** . 84** . 62* . 79** 
Ramona 50 wheat . 72** . 63* .73* . 73** . 62* . 77** 
Markton oat . 69* .56 . 82** . 68* .55 . 85** 
Mesa oat .70* .71* . 82** .71* . 68* . 85** 

* Significant at the . 05 level 

** Significant at the . 01 level 
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TABLE 31. - -Correlation coefficients of average daily maximum and 
minimum temperatures for a two-week period with 
relative growth rate, net assimilation rate, and leaf 
area ratio for sainfoin plants and some clover species. 
Fall seeding, 1965. 

Average maximum Average minimum 
temperature temperature 

species — 
H. G. R. N. A.R. L. A.R. R. G. R. N. A.R. L. A. R. 

Sainfoin . 71 ** . 71** . 92** . 73** . 74** . 93** 
Alsike . 82** . 60* . 75** . 84** . 61* . 78** 
Ladino . 77** . 57* . 85** . 78** .58* . 87** 
Hubam sweet . 78** . 78** . 90** . 78** . 7 6** . 92** 
Kenland red . 79** . 73** . 84** . 80** . 72** . 86** 
Miscawi berseem . 78** . 82** . 92** . 78** . 82** . 93** 
Common white 

sweet . 82** . 84** . 82** . 85** . 86** . 83** 

* Significant at the . 05 level 

** Significant at the . 01 level 
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TABLE 32. - -Correlation coefficients of average daily maximum and 
minimum temperatures for a two-week period with 
relative growth rate, net assimilation rate, and leaf 
area ratio for some alfalfa varieties and strains. Fall 
seeding, 1965. 

Average maximum Average minimum 
temperature temperature 

Species 
R. G. R, . N. A. R. L. A. R. R. G. R, N. A. R. L. A. R 

Mesa-Sirsa 
(large seed) . 81** . 75** . 92** . 79** , 72** . 93** 

Mesa-Sirsa 
(synthetic-2) . 76** . 71** . 94** . 78** . 72** . 94** 

Ranger . 77** . 74** . 94** . 77** . 74** . 94** 
Vernal . 75** .71** . 84** . 74** . 69* . 85** 
Du Puits . 80** . 78** . 92** . 78** . 75** . 94** 
Sonora . 84** . 83** . 95** 00

 
CO

 

~s
\ . 82** . 95** 

SW-17 . 80** . 76** . 94** . 81** . 77** . 94** 

* Significant at the . 05 level 

** Significant at the . 01 level 
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The Effect of Temperature on Leaf Photosynthetic Rates 

To determine the effect of temperature on leaf photosynthetic 

rates under field conditions, leaf photosynthetic rates were measured 

between April 6th and May 27th, 1965. 

Measurements were taken on three different dates representing 

three different temperature periods for each group of plants. 

Data in Tables 33, 34, and 35, rates of net leaf photosynthesis 

for four species of grasses, four species of clover, and seven alfalfa 

varieties and strains respectively are shown. There were no signifi

cant differences in net photosynthetic rates among the grass species. 

However, when the rates were averaged over the grass species, there 

was a significant difference among temperatures. Table 33 shows that 

the grass species had the highest average leaf photosynthetic rates at 

22 C which was significantly higher than the average rates at 27 and 

32 C. These results may partially explain why the grasses grow much 

better than legumes during cool weather. 

In the clover group (Table 34), sweet clover (Hubam) recorded 

the highest leaf photosynthetic rate and was significantly higher than 

red clover, Ladino clover, and berseem clover. When the leaf photo

synthetic rates were averaged over species, there was a significant 

difference among temperatures used in this study. The optimum 

temperature for leaf photosynthetic rate for the different clover species 

was 27 C. 
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TABLE 33. - -Average net photosynthetic rates of four grass species 
when measured under field conditions at three different 
dates and temperatures, 1965. 

April 15 April 24 May 27 
Species Means 

22°C 27°C 32°C 

(mg C02/dm2/hr) 

Common ryegrass 32 1/ 11 1/ 16 \J 19.7a 
Lincoln bro me grass 15 15 25 18.3a 
Goar tall fescue 19 15 13 15.7a 
Orchardgrass 15 19 10 14.7a 

Means 20.3 ' 15.0 16.0 
b a a 

Means followed by the same letter are not significantly different at the 
. 05 per cent level. 

1/ Each value is an average of three replications. 
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TABLE 34. - -Average net photosynthetic rates of four clover species 
when measured under field conditions at three different 
dates and temperatures, 1965. 

Species 
April 6 

21°C 

April 27 

27°C 

May 27 

32°C 
Means 

(mg COg/dm^/hr) 

Hubam sweet 34 1/ 60 1/ 45 1/ 46.2a 
Kenland red 27 41 31 33. Ob 
Ladino 26 36 36 32.7b 
Miscawi berseem 21 37 34 30.7b 

Means 27.1 
a 

43.3 
c 

36.5 
b 

Means followed by the same letter are not significantly different at the 
. 05 per cent level. 

1/ Each value is an average of three replications. 



69 

TABLE 35. --Average net photosynthetic rates for seven varieties and 
strains of alfalfa when measured under field conditions at 
three different dates and temperatures, 1965. 

Varieties and April 6 

strains 21°C 

April 22 

27°C 

May 27 

32°C 
Means 

(mg C02/dm2/hr) 

Du Puits 36 1/ 54 1/ 37 1/ 42.3a 
Mesa-Sirsa (large seed) 26 44 43 37.8ab 
SW-17 36 41 31 35.8 be 
Mesa-Sirsa (synthetic-2) 29 35 43 35.6 be 
Vernal 25 47 32 34.6 be 
Sonora 30 35 31 31.9 c 
Ranger 23 30 27 26. 6 

Means 29. 3 
a 

40.7 
b 

34.8 
c 

Means followed by the same letter are not significantly different at the 
. 05 per cent level. 

1/ Each value is an average of three replications. 
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Data on the leaf photo synthetic rates of seven alfalfa varieties 

and strains are shown in Table 35. The data show that there was a 

significant difference among the alfalfa varieties and strains. Du 

Puits recorded the highest rate while Ranger had the lowest. Also, 

when the leaf photo synthetic rates were averaged over all the alfalfa 

varieties and strains, there was a significant difference among the 

three temperatures studied, with the highest average rate being re

corded at 27 C. 

The interaction of species and temperatures was significant at 

the .01 level in the grass group (Table 36), while in the clover species 

and alfalfa varieties and strains the interaction was significant at the 

. 05 level (Tables 37 and 38). These results indicated that the leaf 

photosynthetic rates of grass and clover species and alfalfa varieties 

and strains reacted differently to the different temperatures. 

Leaf photosynthetic rates were measured in two different species 

of clovers and seven alfalfa varieties and strains under laboratory con

ditions to study the effect of growing plants in the greenhouse on leaf 

photosynthetic rates. Three different determinations were recorded 

for each species and variety grown in pots outside and inside the 

greenhouse. The summary of the analysis of variance in Table 39 

shows that there was no difference in leaf photosynthetic rates between 

plants grown in the greenhouse and those grown on the outside for these 

species studied. These results indicate that photosynthetic rates for 
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TABLE 36. - -Summary of the analysis of variance for net leaf 

photosynthetic rates for four species of grasses, 
measured under field conditions at three different 
temperatures, 1965. 

Source df SS MS F 

Species 3 158 52. 67 2.72 
Temperatures 2 185 92.50 4. 79* 
Temp, x species 6 883 147.17 7. 61** 

Error 24 464 19. 33 
Total 35 1690 

TABLE 37. - -Summary of the analysis of variance for net leaf photo-
synthetic rates for four species of clovers, measured 
under field conditions at three different temperatures, 
1965. 

Source df SS MS F 

Species 3 1372 457.00 22. 90** 
Temperatures 2 1597 798.50 40. 01** 
Temp, x species 6 336 56. 00 2. 81* 

Error 24 479 19.96 
Total 35 3784 

* Significant at the . 05 level 

** Significant at the . 01 level 
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TABLE 38. --Summary of the analysis of variance for net leaf 
photo synthetic rates for seven alfalfa varieties and 
strains, measured under field conditions at three dif
ferent temperatures, 1965. 

Source df SS MS F 

Varieties 6 1292 215.33 8.15** 
Temperature 2 1350 675.00 25.54** 
Temp, x varieties 12 1111 92.58 3.50* 

Error 42 1110 26.43 
Total 62 4863 

* Significant at the . 05 level 

** Significant at the . 01 level 

TABLE 39. - -Summary of the analysis of variance for two species 
of clovers and seven alfalfa varieties and strains when 
net photo synthetic rates were measured for plants 
grown in pots outside and inside the greenhouse. 

Source df SS MS F 

Species and varieties 8 2450 306 6. 00** 
Location 1 150 150 2.94 

Error 44 2231 51 
Total 53 4831 

** Significant at the . 01 level 
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plants grown under greenhouse conditions are representative of those 

under field conditions. 

The Relationship Between Leaf Photosynthesis and 

Respiration at Different Temperatures 

In this study, rates of oxygen evolved as net photosynthesis 

and oxygen absorbed as respiration were measured at four tempera

tures, 15, 25, 35, and 45 C. 

Figs. 6 through 14 show the rates of 0^ evolved or absorbed 

2 
per 5 cm of leaf disks/hr. The leaf disks were taken from actively 

growing plants of seven grass species, four clover species, and five 

alfalfa varieties. The general trend in respiration increased with 

increasing temperatures and a significant acceleration was affected 

above 35 C. The photo synthetic rates of Lincoln bromegrass, Goar 

tall fescue, ryegrass, Markton oat and Mesa oat manifested the 

highest rates at 15 C while the rates decreased with increasing tempera

ture. These results are in agreement with the results obtained from 

the measurements taken under field conditions and might explain why 

these plants grow better during cool weather. When the data were 

statistically analyzed, neither net photosynthesis nor the respiration 

showed significant difference with temperatures in the range of 15 

and 35 C. Photosynthesis decreased and respiration increased by sig

nificant amounts beyond 35 C (Table 40). 
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Fig. 6. —Influence of temperature upon apparent photosynthesis 
(A. P.) and respiration (R.) of Lincoln bromegrass and Goar tall fescue 
plants. 

3 ' 2 A. P. and R.: mm of 02/5 cm of leaf tissue/hr. 
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Fig. 7. - -Influence of temperature upon apparent photosynthesis 
(A. P.) and respiration (R.) of Latar orchardgrass and common rye
grass. 

3 2 A. P. and R. : mm of Og/5 cm of leaf tissue/hr. 
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Fig. 8. —Influence of temperature upon apparent photosynthesis 
(A. P.) and respiration (R.) of Elbon rye and Markton oat. 
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A. P. and R.: mm of Og/S cm of leaf tissue/hr. 
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Fig. 9. - -Influence of temperature upon apparent photosynthesis 
(A. P.) and respiration (R.) of Mesa oat. 
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A. P. and R,: mm of 0^/5 cm of leaf tissue/hr. 
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3 2 A. P. and R. : mm of C^/S cm of leaf tissue/hr. 
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Fig. 14. —Influence of temperature upon apparent photosynthesis 
(A. P.) and respiration (R.) of Sonora alfalfa plants. 
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83 

TABLE 40. - -Average net photosynthetic and respiratory rates per 
5 cm^ of leaf tissue/hr at four temperatures averaged 
over six species of grasses. 

Photosynthesis Respiration 
Temperature, C j^ : 

mm 0_ evolved mm O- absorbed 

* _ * 15 263 a 21 a 

25 165 a 26 a 

35 180 a 44 a 

45 28 b 84 b 

sjc 
Means values followed by the same letter are not significantly dif

ferent at the . 05 level using Duncan's multiple range test (22). 
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Net leaf photo synthetic rates in the clover species and alfalfa 

varieties increased significantly when the temperature increased from 

15 to 25 C with the highest rates being recorded at 25 and 35 C. How

ever, there was a significant decrease in rates beyond 35 C (Tables 

41 and 42). In the clover group, respiratory rates did not differ sig

nificantly at 15 and 25 C while beyond 25 C significant increases occur

red at 35 and 45 C (Table 41). In the alfalfa varieties, respiratory 

rates did not show significant increase with increasing temperature 

until 35 C, but the rates increased significantly beyond 35 C (Table 42). 
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TABLE 41. --Average net photosynthetic and respiratory rates per 
5 cm^ of leaf tissue/hr at four temperatures averaged 
over four species of clover. 

Temperature, C 
Photosynthesis Respiration 

Temperature, C 
3 

mm Og evolved 
3 

mm Og absorbed 

• 
15 108 b 18 a 
25 223 a 22 a 
35 253 a 35 b 
45 39 c 135 c 

Means values followed by the same letter are not significantly 
different at the . 05 level using Duncan's multiple range test (22). 

TABLE 42. - -Average net photosynthetic and respiratory rates per 
5 cm^ of leaf tissue/hr at four temperatures averaged 
over five varieties of alfalfa. 

Temperature, C 
Photosynthesis Respiration 

Temperature, C 3 
mm Og evolved 

3 
mm Og absorbed 

* * 
15 136 b 56 a 
25 291 c 31 a 
35 300 c 42 a 
45 58 a 192 b 

* 
Means values followed by the same letter are not significantly 

different at the . 05 level using Duncan's multiple range test (22). 



DISCUSSION 

The work reported here was primarily designed to study the 

influence of leaf area development, leaf photosynthetic rates and 

temperatures on the dry matter accumulation in certain forage crops. 

At the same time, it sought to ascertain whether the techniques of 

growth analysis could give some understanding of how differences in 

growth occur. 

The total dry matter production by a crop may vary through 

change in either the size of the photosynthetic system or in its activity. 

The results obtained in this study showed that there were positive and 

significant correlations between relative growth rates and net assimi

lation rates and leaf area ratio for seedings made in both the spring 

and fall. These results are in agreement with those obtained by 

Briggs et al. (11) who pointed out that relative growth rate is the pro

duct of net assimilation rate and the ratio of leaf area to plant weight, 

or the leaf area ratio. These interrelationships have been further 

examined by Blackman and Wilson (9). 

According to Watson (65), cultural practices that affect yield 

do so by affecting leaf growth, especially the photosynthetic area. He 

questioned whether the photosynthetic efficiency of a crop species 

could be significantly improved by breeding, since the increased 

86 
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production of improved varieties resulted from greater leaf area 

rather than higher assimilation rates. Because of the important impli

cations of Watson's hypothesis, the relationships between dry matter 

accumulation and leaf area were considered. The analysis performed 

in this study demonstrated a highly significant and positive correlation 

between dry matter production and the amount of leaf area existing. 

These relationships were present for plants seeded both in the spring 

and fall. Data from this study supports Watson's hypothesis and 

places an importance on the amount of leaf area present in influencing 

dry matter accumulation in forage crops. Beevers and Cooper (2) 

also reported that differences in dry matter production were most 

closely associated with variations in leaf area ratio in ryegrass. 

In relating these growth attributes to environmental conditions, 

consideration must be given to the effect of temperature on relative 

growth rates, net assimilation rate and leaf area ratio. It is of con

siderable interest to compare the results obtained from the present 

investigation with others in which a quantitative relationship between 

growth and environmental factors has been attempted. Few species 

have been examined in a comparable manner: maize by Briggs et al. 

(11), barley by Gregory (33), tomatoes by Goodall (31), wheat, sugar 

beet, and potato by Watson (64), and subterranean clover by Black 

(4). 
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The results obtained also showed that there was a significant 

positive effect of maximum temperatures and minimum temperatures 

on net assimilation rates in most of the species studied during the 

spring, fall and winter seasons of growth. These results are in agree

ment with those obtained by Black (4) in subterranean clover who found 

a positive effect of day temperature and N. A. R. However, these data 

differed from those of Black and Gregory (4, 33) where they reported 

that night temperature was negatively correlated with N. A. R. in sub

terranean clover and barley. Gregory (33), in discussing the barley 

data suggested that high night temperatures increased respiration 

rate, thus reducing net assimilation rate, and that high day tempera

tures increased photosynthesis, thus increasing net assimilation rates. 

It is probable that the same explanation holds for the present data con

cerning the day temperature or maximum temperature. The positive 

effect of minimum temperature with net assimilation rate obtained in 

this study was due to the occurrence of minimum temperatures below 

which there was a slight growth. There was no evidence in Black and 

Gregory's (4, 33) data that temperatures of that order were experienced 

during the course of growth of barley and subterranean clover. These 

data would indicate that temperature ranges may be an environmental 

factor of greater importance than has been appreciated. 

The positive correlations obtained in this study between leaf 

area ratio and average maximum and minimum temperatures may 
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indicate that the temperature affected the distribution of net assimi

late in the plants into leaves on the one hand and to the axis on the 

other, which could account for differential growth rate. These find

ings are consistent with a previous study by Black (4) which indicated 

a close relationship between the effect of temperature and leaf area 

ratio. 

The rate of growth of those forage species studied was depen

dent upon the net assimilation rate and leaf area ratio and these two 

variables were affected by the range of temperature which prevailed 

during growth of the plants. Morley (41) stated that the relative growth 

rates of subterranean clover were determined largely by differences 

in N. A. E. rather than differences in L. A. R. 

Dry matter production is governed by leaf area present on the 

plant and the efficiency of this leaf area in assimilating raw materials 

needed for growth. Several factors determine the rate of leaf area 

development. Among them is the supply of photosynthetic products as 

principal raw materials required for the growth of leaves. Based on 

this consideration, an examination was made of the effect of tempera

ture on leaf photosynthetic rate under field conditions. 

Leaf photosynthetic rates for four species of grasses were 

higher at 22 C and the rates decreased with temperatures above 22 C. 

For clover and alfalfa plants, the optimal temperature for photosyn

thesis was 27 C, and there were significant differences between the 
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clover species and alfalfa varieties in respect to leaf photo synthetic 

rates. Differences in dry matter production among species and between 

varieties in certain forage crops could be attributed to the differences 

in leaf photo synthetic rates which influence the amount of carbohyd

rates supplied for plant growth. 

Interactions between temperature and leaf photo synthetic rates 

were significant in all cases indicating that the photosynthetic rate of 

each species and variety did not react similarly with different tempera

tures. Murata et al. (46) in studying the influence of air temperature 

upon the photosynthesis and respiration of different species of forage 

crops, concluded that the position and range of the optimum tempera

ture for photosynthesis of crop plants were quite closely correlated 

with the optimum temperature for their growth and ecological distri

bution, and that optimum temperatures differ with different species. 

The most favorable temperature for apparent photosynthesis 

in many plants is lower than that of respiration (39). It can be expect

ed that exposure of a plant to temperature, above the optimum for 

photosynthesis, will result in a marked decrease in the ratio of photo

synthesis to respiration thus causing a shift in the carbohydrate balance 

of the plant. The relationships between apparent photosynthesis and 

respiration at different temperatures ranging from 15 to 45 C are 

shown in Figs. 6 through 14. The grass species showed higher rates 

of photosynthesis at lower temperature (15 C) and the rates decreased 
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with increasing temperature. These results are in agreement with 

the results obtained under field conditions and since the grass species 

usually showed highest photosynthetic rates at the lowest temperature, 

in the range of temperature studied, this may be an important factor 

which might explain why these grass species grow better under cool 

weather. 

The optimum temperatures for photosynthetic rates of clover 

species and alfalfa varieties were in the range between 25 and 35 C 

while the photosynthetic rates decreased significantly beyond 35 C. 

Mitchell (40) has studied the effect of temperature on the growth of 

forage species and reported that white clover grew best at 24 C, but 

that it grew nearly as well at 18 or at 30 C. 

Respiration rates did not significantly increase in the range of 

15 to 35 C for the grass species and alfalfa varieties, but there was a 

significant increase beyond 35 C. The clover species exhibited signi

ficantly higher respiration rates at 35 C and 45 C. These results seem 

to indicate that the decline in photosynthesis and the increase in re

spiration rates at higher temperatures may be limiting factors for the 

growth of forage plants, while at the normal range of temperatures the 

differences in plant growth are attributed to photosynthesis and not to 

respiration. Decker (17), Murata (44), and Beinhart (3) have shown 

similar results. However, those results were obtained from short-

term experiments using the Warburg apparatus, and it would be worth 
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studying these relationships over longer periods of time before draw

ing definite conclusions. 

When leaf photosynthetic rates were measured and plants grown 

in pots both inside and outside the greenhouse, no significant differen

ces were obtained. These results indicate that photosynthetic data 

obtained from plants grown in the greenhouse can be used as repre

sentative of plants grown under field conditions with some degree of 

precision for those plants used in this study. 

Since there was a close relationship between the intensity of 

light and temperature (3, 4, 30, 40, 42, 44, 60), additional studies 

would be desirable to reveal the interaction between temperature and 

light on the growth of forage plants. 



SUMMARY 

Experiments were conducted to study the effects of leaf area 

development, leaf photosynthetic rates and temperature on growth and 

dry matter accumulation in certain species of forage crops. Eight 

species of grasses, four species of clovers, sainfoin plants, and seven 

varieties and strains of alfalfa were seeded on April 4, 1965 and again 

on October 15, 1965 at the University of Arizona's Campbell Avenue 

Farm. Air temperatures at 30 cm above the soil level were recorded 

during the time the field experiments were conducted. Data were 

taken on the dry matter accumulation and leaf area of plants at inter

vals of one week in the spring seeding and at two-week intervals in the 

fall seeding. These data enabled growth to be analyzed in terms of 

net assimilation rates, relative growth rates, and leaf area ratio. The 

relationships among the aforementioned variables and with air tempera

ture were considered. 

Leaf photosynthetic rates were measured for plants growing in 

the field on three dates which represented three temperatures. These 

data were obtained to determine the relationship between photosynthe

tic rates and temperature in certain forage plants. 

Additionally, laboratory studies were conducted to help under

stand the interrelationships among leaf photosynthetic rates, 
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respiratory rates and temperature. The effect of growing forage 

plants in the greenhouse on leaf photosynthetic rates was considered. 

There were highly significant differences in dry matter accumu

lation and leaf area development within species of grasses and clovers 

and among alfalfa varieties and strains during both spring and fall 

seedings. 

The interaction between species and dates of determinations 

was highly significant for both dry matter and leaf area, which indicat

ed that grass and clover species and alfalfa varieties and strains 

responded differently to the effect of temperature which was the main 

focus of the study. 

The highly significant and positive correlation coefficients of 

dry matter accumulation with leaf area development, during both sea

sons of growth, emphasized the dependence of dry matter production 

on the amount of active leaf area present. 

The correlation coefficients of relative growth rates with net 

assimilation and leaf area ratio were positive and significant in most 

cases. This indicated that the growth and dry matter production in 

forage plants studied were a function of both net assimilation rate and 

leaf area ratio. 

Correlation coefficients of daily maximum and minimum temp

erature with the relative growth and net assimilation rates and leaf 

area ratio showed that any temperature fluctuation affected the efficiency 
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of leaves in assimilating raw materials as well as the distribution of 

that assimilate in plants. 

When leaf photosynthetic rates were measured under field con

ditions, and the rates were averaged over the species and varieties, 

grasses recorded the highest photosynthetic rates at 21 C, while the 

optimum temperature for leaf photosynthetic rates for clover and alfal

fa plants was at 27 C. There were significant differences among the 

clover species and within the alfalfa varieties and strains. Hubam 

sweet clover recorded the highest rate and was significantly higher 

than Ladino clover, Kenland red clover, and Miscawi berseem clover. 

In alfalfa, plants of the variety Du Puits showed the highest rate while 

those of Ranger were lowest. 

The interaction between leaf photosynthetic rates and species 

was significant at the . 01 level in the grass group, while in the clover 

species and alfalfa strains the interaction was significant at the . 05 

level. 

There was no difference in leaf photosynthetic rates between 

legume forage plants grown in pots inside the greenhouse and those 

grown outside. These results indicated that photosynthetic rates for 

plants grown under greenhouse conditions were representative of 

those under natural field conditions. 

Results of studies on leaf net photosynthetic rates, respiratory 

rates and temperature, under laboratory conditions using Warburg 
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respirometer, showed that respiration was not significantly increased 

within the temperature range of 15 to 35 C, but a significant accelera

tion was found after 35 C in most instances. 

The photosynthetic rates of Lincoln bromegrass, Goar tall fes

cue, ryegrass, Markton and Mesa oats manifested the highest rates at 

15 C while the rates decreased with increasing temperature. Rates for 

the clover species and alfalfa varieties increased significantly when the 

temperature increased from 15 to 25 C with the highest rates being re

corded at 25 and 35 C. However, there was a significant decrease in 

net photosynthetic rates in the clover and alfalfa plants beyond 35 C. 

These results indicated that the decline in photosynthetic and the in

crease in respiratory rates at higher temperatures may be limiting 

factors for growth of these forage plants studied, while within the norm

al range of temperature, differences in forage plant growth may be due 

to differences in photosynthetic rates. 

Since most of the grass plants showed highest photosynthetic 

rates at lower temperatures, this may explain why grasses grow bet

ter in cool seasons. Also, clover and alfalfa plants recorded the 

highest photosynthetic rates at higher temperatures, compared to grass 

plants, which coincides with their faster rate of growth under such 

temperatures. 



APPENDIX A 

MANOMETRIC MEASUREMENTS OF PHOTOSYNTHESIS 

AND RESPIRATION 

The measurements have been made at a constant CO^ (0. 03%) 

pressure. This method is based upon the use of a COg buffer capable 

of maintaining essentially constant pressure of COg in the gas phase. 

nh(ch2ch2oh)2 + co2 + h2o ^zz± Hcoj + nh+(ch2ch2oh)2 

(diethanolamine) 

As C02 is produced in respiration it is removed by the reaction pro

ceeding from left to right; as COg is used in photosynthesis it is 

replaced by the reverse reaction. Thus, this method does not measure 

COg uptake or evolution, but only uptake or evolution. 

Preparing a COg buffer solution (Pardees buffer): The solution 

was prepared by combining 50. 0 ml 50% diethanolamine in distilled 

water (V/V), 15.0 gms. KHCO 20.0 ml 6. 0 N. HCL, 5.0 ml distil-
o 

led water and 0. 075 g thiourea. Vigorous sparging of the mixture for 

three to four hours with 0. 03% COg in air (V/V), at operating tempera

ture completed the preparation of the buffer solution. After three days 

storage in a very tight stoppered bottle in the dark at room temperature, 

the solution was resparged at 25 C. 
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Experimental Procedure 

After recording the manometric flasks, in each flask 0. 3 ml of 

diethanolamine buffer solution was placed in the center well and anoth

er 0. 3 ml in the side arm. A small piece of pleated filter paper was 

placed in the center well of each flask. 

2 
With a 50 mm cork borer, leaf disks were removed from acti

vely growing plants grown in pots in the greenhouse. The disks were 

kept moist to prevent desiccation. Ten leaf disks from each species 

or variety were placed in the flask with the upper surface of the leaf 

next to the bottom of the flask. Movement of the disks and resultant 

overlapping of the disks could be prevented by moistening the bottom 

of the flask with about three drops of distilled water. Another flask 

was used as a thermobarometer which included only distilled water 

equivalent to the volume of leaf tissue used. After greasing the mano

meters, the flasks were connected to the assigned manometers and 

were placed carefully in the water bath at the temperatures used. 

With the stopcocks on the manometer open, the flasks were al

lowed to -equilibrate in the water bath for ten minutes. During this 

time, the fluid in the right arms of the manometer were adjusted to 

18. 0 cm. At time zero, the stopcocks were closed and the level of the 

manometer fluid in the left arms were recorded. The first series of 

measurements were made with the Warburg apparatus in the dark. 

After 30 minutes the fluid in the right arms were adjusted to 18. 0 cm 
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and the level of the fluid in the left arms were recorded. The light 

was then turned on and another set of readings were recorded for a 

30-minute light period. After the 30-minute light period, the gas 

exchange was determined for another 30-minute period with the lights 

turned off. 

The amount of oxygen evolved or absorbed for each 30-minute 

interval in the light and dark was calculated. From these data, the 

respiratory and apparent photo synthetic rates were calculated. 
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2 TABLE A. - -Net assimilation rates (grams/dm of leaf tissue/week), 
relative growt^ rates (grams/nine plants/week), and leaf 
area ratio (dm of leaf area/ one gram dry weight) for 
grasses and legumes. Spring seeding of 1965. 

Species and 
varieties 

From 
To 

May 1 
May 8 

May 8 
May 15 

May 15 
May 22 

May 22 
May 29 

May 29 
June 5 

June 5 
June 12 

Elbon 
rye 

N. A. R. 
R. G. R. 
L, A, R, 

1.25 
.83 
.74 

.64 

.50 

. 61 

1.81 
1.82 

.95 

.37 

.42 
1.04 

1.14 
.99 

1.21 _ _ _ 

Harlan 
barley 

N. A. R. 
R, G. R. 
L. A. R. 

1.12 
. 98 
. 71 

1.55 
1.19 
1.01 

.57 

. 39 

. 63 

2. 03 
1. 34 
.71 

.16 

.07 

. 63 

Ramona50 
wheat 

N. A.R. 
R.G.R. 
L. A. R. 

.60 

.33 

. 62 

1.12 
. 60 
.50 

3.51 
1. 92 

.57 

. 50 

. 32 

.53 

1.17 
.78 
.74 — — « 

Markton 
oat 

N. A. R. 
R. G. R. 
L. A. R. 

1.43 
1. 35 

.97 

.65 

. 60 

.93 

1. 06 
.91 
.92 

. 85 

.74 

.81 

.64 

.53 

.94 

Mesa 
oat 

N. A.R. 
R. G. R. 
L. A. R. 

1.25 
1. 08 
.99 

4.42 
1.15 
.78 

1.77 
.96 
. 09 

.81 

.72 
1.31 

.70 

.46 

. 63 

— ~ 

Alsike 
clover 

N. A.R. 
R. G. R. 
L. A. R. 

.70 

.56 

.75 

.91 
1.00 

.86 

.91 

.99 
1. 32 

. 93 
1.20 

.94 

.11 

.19 
1.56 

.46 

.75 
1.80 

Ladino 
clover 

N. A.R. 
R.G.R. 
L. A. R. 

1.09 
.94 

1. 00 

.71 

.66 

.78 

1.36 
1.32 
1. 09 

.55 

.58 

.90 

. 32 

.37 
1.18 

.63 

.69 
1. 61 

Hubam 
sweet 
clover 

N. A. R. 
R. G. R. 
L. A. R. 

1.54 
1.40 
1. 04 

1. 00 
1.07 

.83 

. 78 

.89 
1.25 

.57 

.59 
1.07 

1. 66 
1.45 
1.01 

.49 

.34 

.79 

Kenland 
red 
clover 

N. A. R. 
R. G. R. 
L. A. R. 

. 90 

.75 

. 89 

.59 

.61 

.79 

1.25 
1. 66 
1.26 

.80 
1. 07 
1. 37 

- .12 
- .20 
1.31 

.58 

.84 
2.08 
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TABLE A. - -Continued 

Species and 
varieties 

From 
To 

May 1 
May 8 

May 8 
May 15 

May 15 
May 22 

May 22 
May 29 

May 29 
June 5 

June 5 
June 12 

Miscawi 
berseem 
clover 

N.A.R. 
R. G. R. 
L. A. R. 

.81 
1.03 
1.58 

1.57 
1.41 
1. 08 

.36 

.41 

.79 

1.11 
1.17 
1.56 

.89 

. 61 
.78 

.57 

.34 

. 63 

Alfalfa N. A. R. 
Mesa-Sirsa R. G. R. 
(large seed) L. A. R. 

.37 

.31 

.93 

3. 06 
2.31 
.75 

.81 

.55 

.76 

. 68 

.47 

.61 

.16 

.13 

.75 

. 93 

.70 

. 93 

Alfalfa N. A. R. 
Mesa-Sirsa R. G. R. 
(synthetic-2)L. A. R. 

1. 00 
.96 
.96 

1.27 
1.18 
.96 

.77 

.77 

.91 

2.12 
1.96 
1.06 

.87 

.57 

.79 

.94 

.46 

.56 

Alfalfa 
Ranger 

N.A. R. 
R. G. R. 
L. A. R. 

.49 

.69 
1.12 

1.33 
1.64 
1.67 

1.28 
1.21 
1.02 

.17 

.15 

. 90 

1. 73 
1.38 

.90 

.41 

.28 

.74 

Alfalfa 
Vernal 

N.A.R. 
R. G. R. 
L. A. R. 

.80 

.78 

.92 

1.26 
1.32 
1.02 

1.33 
1.15 
1.07 

.56 

.50 

.75 

.99 

.98 
1. 02 

.98 

.79 

.96 

Alfalfa 
Du Puits 

N.A. R. 
R. G. R. 
L. A. R. 

.57 

.88 
1.14 

.82 
1.24 
1.92 

1.08 
1.00 
1.28 

1.99 
1.49 

.72 

. 63 

.43 

.77 

. 96 

.61 

. 62 

Alfalfa 
Sonora 

N. A. R. 
R. G. R. 
L. A.R. 

.83 

.71 

.71 

1.53 
1.24 

.97 

1.50 
1.04 

.71 

2. 04 
1.34 

.67 

.33 

.23 

. 64 

1.23 
.84 
.78 

Alfalfa 
SW-17 

N. A. R. 
R. G. R. 
L. A. R. 

1.11 
1.33 

.89 

1. 08 
1.42 
1.43 

1. 00 
1.07 
1.25 

1.21 
1.10 

.95 

. 69 

.51 

.88 

1. 67 
.82 
. 65 



TABLE B. - -Net assimilation rates (grams/dm of leaf tissue /week), relative gro 
weight) for grasses and legumes. Fall seeding of 1965-1966. 

/th rates i 

Species and From Nov. 13 Nov. 27 Dec. 11 Jan. 8 an. 22 
varieties To Nov. 27 Dec. 11 Jan. 8 Jan. 22 "eb. 15 

N.A.R. .25 .52 .12 .12 .01 
Lincoln bromegrass RrG. R. .71 .69 .13 .12 .01 

L. A. R. 5.57 1.72 1.10 1.10 .91 

N.A.R. .13 .35 .26 1.12 -.70 
Goar tall fescue R. G. R. .37 .51 .24 .72 -.40 

L. A. R. 3.78 2.37 .98 .90 j .51 1 

N. A. R. .12 .44 -.06 -.04 
1 

I .77 
Latar orchardgrass R, G. R. .65 .73 -.06 -.03 .49 

L. A. R. 9.50 3.50 .96 .98 .59 

N.A.R. .18 .48 .09 .47 .25 
Common ryegrass R. G. R. .35 .82 .08 .35 .17 

L. A. R. .82 3.41 1.06 .81 .71 

N.A.R. .59 .29 .13 .12 .35 
Elbon rye R. G. R. .90 .53 .21 . 16 .39 

L. A, R. 1.07 1.81 1.77 1.42 1.23 

N.A.R. .47 .20 .38 .22 ! .28 
Harlan barley R. G. R, .89 .40 .51 .25 | .30 

L, A. R. 1.29 2.28 1.80 1.03 1.21 

N.A.R. .23 .11 .26 .67 .45 
Ramona 50 wheat R. G. R. .42 .20 .32 .58 .34 

L. A. R. 1.55 2.08 1.53 .99 .78 

N.A.R. .01 .40 .10 .57 .75 
Markton oat R. G. R. .02 .61 .13 .57 .65 

L. A. R. 1.56 1.85 1.31 1.16 .88 

N.A.R. .34 .23 .10 .66 .16 
Mesa oat R. G. R. .51 . 38 .13 .64 .13 

L. A. R, 1.16 1.80 1.54 1.25 .81 
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2 
/th rates (grams/nine plants/week), and leaf area ratio (dm of leaf area/one gram dry 

an. 22 
'eb. 15 

Feb. 5 
Feb. 19 

Feb. 19 
Mar. 5 

Mar. 5 
Mar. 19 

Mar. 19 
Apr. 2 

Apr. 2 
Apr. 16 

Apr. 16 
Apr. 30 

Apr. 
May 

30 
14 

.01 .17 . 67 .08 .34 .79 . 63 

.01 .08 .37 .05 .25 . 66 . 50 — 

.91 .55 .42 .68 .72 .72 .91 — 

-.70 .21 .85 -.02 .38 .60 .09 
-.40 .12 .49 -.01 .35 .57 .07 

i .51 .66 .50 .64 .74 1.08 .88 I 
1 
I .77 .25 .52 .12 .05 .68 .08 
j .49 .12 .27 .09 .05 .68 .07 

.59 .67 .36 .68 .79 1.29 .84 

.25 .05 .28 .35 .02 .49 .02 

.17 .04 .20 .20 .01 .42 .03 

.71 .69 .94 .57 .59 .73 .95 

.35 .40 .26 .93 .37 1.22 1.63 

.39 .38 .20 .43 .11 .27 .22 
j 1.23 1.07 .86 .72 .31 .27 .18 

4 . .  

| .28 .33 .52 .46 -.31 .34 3.36 
| .30 .28 .31 .18 -.10 .10 .49 
! 1.21 .99 .72 .50 .31 .34 .26 
•! 

.45 .04 .57 .93 .07 -.20 -.16 

.34 .03 .25 .25 .02 -.03 -.02 

.78 .73 .53 .38 .19 .23 .12 

.75 .38 .23 .31 .03 1.28 -.81 

.65 .26 .12 .15 .02 .43 -.16 

.88 .86 .54 .53 .43 .64 .19 

.16 .56 -. 09 .04 .73 -.22 .23 

.13 .36 -.05 .02 .29 -.09 .08 

.81 .75 .57 .50 .38 .41 .40 



TABLE B. - -Continued 

Species and From Nov. 13 Nov. 27 Dec. 11 Jan. 8 Jan. 22 
varieties To Nov. 27 Dec. 11 Jan. 8 Jan. 22 Feb. 5 

N.A.R. 1.02 .36 .40 .18 .32 
Sainfoin R, G. R, .56 .23 .21 .08 .17 

L. A. R. .40 .68 .59 .48 .44 

N.A.R. .58 .28 2.74 3.53 .00 
Alsike clover R. G. R. .50 .18 .86 .41 .23 

L. A. R. 1. 71 .47 .78 .16 .09 

N.A.R. . 18 .52 5.44 3.24 2.88 
Ladino clover R. G. R. .15 .31 .94 .26 .21 

L. A. R. .93 . 79 .46 .09 .08 

N.A.R. . 62 .50 .35 .71 .86 
Hubam sweet clover R. G. R, . 65 .55 .26 .23 .31 

L. A. R. . 91 1.13 1.08 .50 .21 

N.A.R. .32 .09 .21 -.06 .13 
Kenland red clover R. G.R. . .49 . 18 .31 -.07 .13 

L. A. R. .88 2.11 2.15 1.04 1.24 

N.A.R. .37 .62 .06 .08 .40 
Miscawi berseem R.G.R. .33 .88 .06 .06 .37 

clover L, A. R. .65 1.14 1.59 .74 .82 

Common white N.A.R. .16 .44 .71 . 45 -.09 
sweet clover R. G. R. . 15 .36 .40 .23 I -.04 

L. A. R. .58 1. 36 .52 
• 6 2  |  

.42 

Alfalfa N.A.R. .33 .41 .10 -. 04 .75 
Mesa-Sirsa R. G. R. . 39 .59 .12 -.04 [ .70 
(large seed) L.A.R. .67 1. 69 1.29 1.07 1.07 

Alfalfa N.A.R. . 34 .28 .48 . 2 2  .49 
Mesa-Sirsa R.G.R. . 30 . 35 .44 .19 .42 

(synthetic -2) L.A.R. . 50 1. 36 1. 18 .75 .92 

N.A.R. .92 .55 .04 .39 
Alfalfa Ranger R. G. R. .55 .47 .02 .18 

L.A.R. .38 .79 .92 .42 

.74 

.37 

.53 
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Jan. 22 Feb. 5 Feb. 19 Mar. 5 Mar. 19 Apr. 2 Apr. 16 Apr. 30 
Feb. 5 Feb. 19 Mar. 5 Mar. 19 Apr. 2 Apr. 16 Apr. 30 May 14 

.32 -. 04 . 86 .08 . 06 . 23 .97 .07 

.17 -.02 .51 .04 .04 .20 . 67 .04 

.44 . 60 . 64 . 57 .37 .80 .92 .56 

.00 1.79 .75 .24 .62 .27 .34 . 18 

.23 .17 .15 . 06 .42 .34 .49 .21 

.09 . 06 . 14 . 25 .25 1.23 1. 32 1.49 

2.88 . 14 .44 -. 05 .49 .24 .84 .85 
.21 . 03 .25 -. 03 . 34 .23 .74 .62 
.08 . 07 .56 . 58 .52 . 86 1.10 . 76 

.86 .12 .01 .84 .93 . 02 1. 68 .31 

.31 .07 . 01 . 33 .61 . 02 1.04 .14 

.21 .54 .57 .51 .31 1. 00 .99 .47 

.13 .56 .43 .24 .52 .84 1.73 .64. 

.13 . 33 .23 . 12 . 37 . 92 .94 .25 
1.24 .81 .44 .61 .41 1. 04 1.12 .34 

.40 .07 .25 .27 . 36 .45 .40 .06 

.37 .08 .26 .23 .37 .48 .32 .04 

.82 . 98 1.20 . 92 .79 1.27 .95 .71 

-. 09 . 60 .76 . 51 .58 . 78 .43 .26 
-.04 .20 .17 . 10 . 10 . 38 .31 .16 
.42 .48 .23 .23 . 17 .19 .86 .62 

.75 .04 . 19 . 60 .56 .10 .54 .84 

.70 .04 .18 .45 .47 .08 .34 .37 
1.07 .85 . 98 . 89 . 66 .98 .76 .55 

.49 .02 1. 23 .44 . 06 . 71 .27 .71 

.42 . 02 1. 00 . 33 . 05 . 60 .18 .34 

.92 .81 . 95 . 75 .74 .94 .78 . 63 

.74 -.37 .57 -.04 .44 .53 1.16 .35 

.37 -. 19 . 32 -. 03 .40 .48 .95 .22 

.53 .46 .56 . 56 .98 . 86 .93 .77 



TABLE B. - -Continued 

Species and From Nov. 13 Nov. 27 Dec. 11 Jan. 8 Jan. 22 
varieties To Nov. 27 Dec. 11 Jan. 8 Jan. 22 Feb. 5 

N.A.R. .25 .11 .26 .58 1.17 
Alfalfa Vernal R. G. R. .35 .17 .20 .28 .54 

L. A, R, .60 2.30 1.07 .57 .43 

N. A. R. .27 .42 .00 .30 .51 
Alfalfa Du Puits R, G, R. .32 .47 .00 .15 .28 

L. A, R. .88 1.41 .94 .61 .40 

N.A.R. .64 .35 .34 .14 .36 
Alfalfa Sonora R. G, R. .51 .34 .26 .08 .20 

L, A. R. .50 1.05 .88 .70 .47 

N.A.R. .73 .29 .39 .59 .71 
Alfalfa SW-17 R. G. R. .48 .30 .35 .43 .51 

L. A. R, .38 .95 1.11 .75 .71 
I 
i 
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Jan. 22 Feb. 5 Feb. 19 Mar. 5 Mar. 19 Apr. 2 Apr. 16 Apr. 30 
Feb. 5 Feb. 19 Mar. 5 Mar. 19 Apr. 2 Apr. 16 Apr. 30 May 14 

1.17 .13 -.03 1.11 -.06 .96 .93 .20 
.54 .07 -.02 .59 -.04 .93 .70 .11 
.43 .49 .52 .62 .47 .94 .98 .64 

.51 .18 .08 .17 .32 .36 1.32 .55 
! .28 .10 .04 .10 .30 .39 .96 .32 

.40 .71 .47 .61 .61 1.38 .88 .66 

CD CO 

. 69 -. 12 CD
 

.57 .07 .74 .64 o
 

<N 

.49 -. 10 . 45 .53 . 06 .59 .41 
.47 . 65 . 75 . 94 .91 . 93 .87 .74 

.71 -.09 .15 .87 .05 .23 .84 .32 

.51 -.07 .10 .59 .04 .20 .57 .17 

.71 .72 .78 .65 .70 .94 .78 .61 
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2 
TABLE C.--Net leaf photosynthetic rates (mg COg/dm /hr) for four 

clover species, measured at three temperatures under 
field conditions, 1965. 

Date April 6 April 22 May 27 

Species Temp. 21 C 27 C 32 C 

Rep. I II III I II III I II HI 

Ladino 

Hubam sweet 

Kenland red 

Miscawi berseem 

30 25 22 32 36 40 35 38 36 

39 35 28 56 66 58 47 45 42 

27 34 21 38 42 42 32 32 29 

25 20 19 32 38 40 29 30 43 

2 
TABLE D. - -Net leaf photosynthetic rates (mg COg/dm /hr) for four 

species of grasses, measured at three different tempera
tures under field conditions, 1965. 

Date April 15 April 24 May 27 

Species Temp. 22 C 27 C 32 C 

Rep. I II III I II III I II III 

Lincoln bro me grass 16 14 16 15 14 17 30 23 22 

Goar tall fescue 24 22 12 15 13 16 13 16 11 

Latar orchardgrass 18 10 16 19 17 21 13 8 8 

Common ryegrass 21 32 42 14 10 9 20 16 13 
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2 
TABLE E. - -Net leaf photo synthetic rates (mg COg/dm /hr) for 

seven varieties and strains of alfalfa, measured at 
three different temperatures under field conditions, 
1965. 

T ,  . . .  D a t e  
V aneties 

April 6 April 22 May 27 

and Temp. 21 C 27 C 32 C 
strains _ Rep. I II III I II III I II III 

Mesa-Sirsa (large seed) 33 18 28 48 40 44 47 40 42 

Mesa-Sirsa (synthetic-2) 34 27 27 34 34 36 42 44 42 

Ranger 22 28 19 28 28 34 23 26 31 

Vernal 27 27 22 44 48 48 35 26 34 

Du Puits 33 31 43 50 56 56 45 35 32 

Sonora 38 33 18 30 36 38 33 31 30 

SW-17 44 40 24 44 40 38 31 27 34 
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2 
TABLE F. - -Net leaf photosynthetic rates (mg COg/dm /hr) for 

legume plants grown in pots inside and outside the 
greenhouse. 

Species and varieties Rep. I Rep. II Rep. Ill 

Alfalfa 
Mesa-Sirsa (large seed) in 36 36 40 

out 28 42 34 

Alfalfa 
Mesa-Sirsa (syn-
thetic-2) in 46 36 30 

out 32 36 32 
Alfalfa 

Ranger in 28 28 22 
out 40 32 - 30 

Alfalfa 
Vernal in 26 20 22 

out 42 32 34 

Alfalfa 
Du Puits in 24 28 28 

out 62 46 48 

Alfalfa 
Sonora in 40 34 40 

out 40 34 32 

Alfalfa 
SW-17 in 34 28 34 

out 38 42 42 

Ladino clover in 16 12 14 
out 16 22 14 

Kenland red clover in 32 38 32 
out 20 18 22 
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3 2 
TABLE G. --Net leaf photo synthetic and respiratory rates (mm O 

evolved or absorbed/5 cm^ of leaf tissue/hr) for six 
grass species, measured at four temperatures, using 
Warburg apparatus. 

Species 
15 

Temperature C 
25 35 45 

Lincoln bromegrass R.—^ 171' 51- S6-
P.S. 581 137 77 16 

Goar tall fescue R. 22 23 25 57 
P.S. 231 142 133 37 

Latar orchardgrass - R. 17 25 53 48 
P.S. 65 106 57 42 

Common ryegrass R. 25 24 31 54 
P.S. 238 167 153 31 

Elbon rye R. 26 28 34 93 
P.S. 200 243 287 19 

Markton oat R. 20 25 63 88 
P.S. 175 120 274 29 

Mesa oat R. 29 41 48 160 
P.S. 349 241 279 21 

1_/ R. = respiration, P. S. = photosynthesis 

2/ Average of two replications 
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TABLE H. - -Net photosynthetic and respiratory rates (mm O 

evolved or absorbed/5 cm2 of leaf tissue/hr) for 
legumes, measured at four different temperatures, 
using Warburg apparatus. 

Species and varieties 
15 

Temperature C 
25 35 45 

Ladino clover R.—^ 24*' SI*' 134^ 
P. S. 129 147 191 26 

Hubam sweet clover R. 15 13 25 127 
P.S. 37 203 278 29 

Kenland red clover R. 14 16 32 145 
P.S. 149 252 266 40 

Miscawi berseem R. 19 18 30 135 
clover P.S. 117 291 277 35 

Alfalfa R. 35 20 22 185 
Mesa-Sirsa (large 
seed) P.S. 83 220 222 45 

Alfalfa R. 38 21 34 210 
Ranger P. S. 123 333 362 40 

Alfalfa R. 73 37 52 198 
Vernal P. S. 123 303 343 48 

Alfalfa R. 89 22 38 210 
Du Puits P. S. 144 306 319 83 

Alfalfa R. 44 57 64 156 
Sonora P. S. 205 294 254 76 

1_/ R. = respiration, P. S. = photosynthesis 

2/ Average of two replications 
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