
Comparison of photosynthetic capacity
between two strawberry genotypes

Item Type text; Thesis-Reproduction (electronic)

Authors Huang, Yuehe, 1955-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 21:21:42

Link to Item http://hdl.handle.net/10150/276338

http://hdl.handle.net/10150/276338


INFORMATION TO USERS 

The most advanced technology has been used to photograph and 

reproduce this manuscript from the microfilm master. UMI films the 

text directly from the original or copy submitted. Thus, some thesis and 

dissertation copies are in typewriter face, while others may be from any 

type of computer printer. 

The quality of this reproduction is dependent upon the quality of the 
copy submitted. Broken or indistinct print, colored or poor quality 

illustrations and photographs, print bleedthrough, substandard margins, 

and improper alignment can adversely affect reproduction. 

In the unlikely event that the author did not send UMI a complete 

manuscript and there are missing pages, these will be noted. Also, if 

unauthorized copyright material had to be removed, a note will indicate 

the deletion. 

Oversize materials (e.g., maps, drawings, charts) are reproduced by 

sectioning the original, beginning at the upper left-hand corner and 

continuing from left to right in equal sections with small overlaps. Each 

original is also photographed in one exposure and is included in 

reduced form at the back of the book. 

Photographs included in the original manuscript have been reproduced 

xerographically in this copy. Higher quality 6" x 9" black and white 

photographic prints are available for any photographs or illustrations 

appearing in this copy for an additional charge. Contact UMI directly 
to order. 

University Microfilms International 
A Bell & Howell Information Company 

300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA 
313/761-4700 800/521-0600 





Order Number 1341276 

Comparison of photosynthetic capacity between two strawberry 
genotypes 

Huang, Yuehe, M.S. 

The University of Arizona, 1990 

Copyright ©1990 by Huang, Yuehe. All rights reserved. 

U M I  
300N.ZeebRd. 
Ann Arbor, MI 48106 





COMPARISON OF PHOTOSYNTHETIC CAPACITY 

BETWEEN TWO STRAWBERRY GENOTYPES 

by 

Yuehe Huang 

Copyright © Yuehe Huang 1990 

A Thesis Submitted to the Faculty of the 

DEPARTMENT OF PLANT SCIENCES 

In Partial Fulfillment of the Requirements 
For the Degree of 

MASTER OF SCIENCE 
WITH A MAJOR IN HORTICULTURE 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

19 9 0 



2 

STATEMENT BY AUTHOR 

This thesis has been submitted in partial fulfillment 
of requirements for an advanced degree at The University of 
Arizona and is deposited in the University Library to be made 
available to borrowers under rules of the Library. 

Brief quotations from this thesis are allowable with
out special permission, provided that accurate acknowledgment 
is source is made. Requests for permission for extended 
quotation from or reproduction of this manuscript in whole or 
in part may be granted by the copyright holder. 

APPROVAL BY THESIS DIRECTOR 

This thesis has been approved on the date shown below: 

J. W. MOON 
Assistant Professor of 

Plant Sciences 

Date 



3 

ACKNOWLEDGMENTS 

I would like to express my sincere appreciation to Dr. 

John W. Moon, my major professor, for his guidance and helpful 

suggestions throughout my experiments and the subsequent 

writing of my thesis. 

Also, appreciation is extended to Dr. Frank W. 

Telewski and Dr. Paul G. Bartels, my committee professors, for 

their advice and suggestions, and also for providing technical 

assistance and laboratory equipment for my leaf anatomy 

experiments. 

Special thanks to Mr. Genhai Zhu for his technical 

assistance, and to Ms. Janet Archibald for her constant 

endeavors to improve my written and spoken English. 

My wife, Liu Chunlan, has made great sacrifices that 

have enabled me to continue my graduate studies. Her selfless 

encouragement has motivated me to persevere. I could not have 

succeeded without her support. 

Finally, I wish to thank all of those who have 

assisted me in so many capacities. 



4 

TABLE OF CONTENTS 

Page 

LIST OF TABLES 6 

LIST OF ILLUSTRATIONS 7 

ABSTRACT 8 

ABBREVIATIONS 9 

CHAPTER 

1. INTRODUCTION 10 

2. LITERATURE REVIEW 14 

Rubisco Protein and Photosynthesis ... 14 
Relationship between Leaf N Content 

and C02 Assimilation Rates 16 
Contribution of Mesophyll Conductance and 
Stomatal Conductance to Photosynthetic 
Rate 19 

Leaf Anatomy of C3 Plants and Photosyn
thesis 22 

3. MATERIALS AND METHODS 28 

Material 28 
Gas Exchange 28 
Sampling 30 
Preparation for Slides and Pictures ... 31 
Measurement of Ame^A 31 
Measurement of Mesophyll Layer Thickness 32 
Measurement of Epidermal and Leaf 
Thickness 33 

Data Analysis 33 

4. RESULTS AND DISCUSSION 34 

Gas Exchange and Biochemistry Analysis . 34 
Leaf Anatomy 38 
Discusions and Conclusions 38 



5 

TABLE OF CONTENTS—Continued 

Page 

APPENDIX A: COLLECTION OF PLANTS SHOWING THE CORRELA
TION BETWEEN PHOTOSYNTHETIC RATES AND 
LEAF NITROGEN CONTENT 45 

APPENDIX B: CORRELATION BETWEEN PARAMETERS INVOLVED 
IN PHOTOSYNTHESIS 47 

LITERATURE CITED 49 



6 

LIST OF TABLES 

Table Page 

1. Some gas exchange characteristics of Fraaaria 
ananassa and Fraaaria chiloensis 36 

2. Some leaf anatomy characteristics of Fraaaria 
ananassa and Fraaaria chiloensis 37 



7 

Figure 

1. 

LIST OF ILLUSTRATIONS 

Page 

C02 assimilation rate (A) versus intercellular 
C02 (CO was measured at leaf temperature 
between 20 ± 0.2°C, at light intensity between 
900 and 1100 fimol m"2 s'1 PPF, and at leaf to 
air pressure deficits between 1.5 and 2.5 KPa 35 



8 

ABSTRACT 

Amount and activity of the primary carboxylating 

enzyme of photosynthesis, photosynthetic gas exchange, and 

leaf anatomical parameters were measured in two strawberry 

species, RCP37 (Fraaaria chiloensisl and 'Midway' (Fragaria 

x ananassa). 

Photosynthetic capacity was greater in RCP37, as 

indicated by greater C02 assimilation rate at ambient C02 

concentration (350 /zmol mol"^, Rubisco amount, carboxylation 

efficiency, residual conductance, ratio of mesophyll surface 

area to leaf area, and leaf N content, compared to 'Midway1. 

The ratio of mesophyll surface area to leaf area, mesophyll 

layer thickness and palisade layer thickness were signifi

cantly different between RCP37 and 'Midway'. The large 

surface area of palisade cells in RCP37 accounted for the 

difference in the ratio of mesophyll surface area to leaf 

area. 

Results show that RCP37 has higher photosynthetic 

capacity than 'Midway'. RCP37 might provide promising 

resources of germplasm for improving photosynthetic rate or 

yields of cultivated strawberry varieties. 
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ABBREVIATIONS 

A C02 assimilation rate 

Na Leaf nitrogen content per unit leaf area 

Amax Maximum C02 assimilation 

Cj Intercellular C02 concentration 

g'm Carboxylation efficiency 

g's Stomatal conductance to C02 

Rubisco Ribulose-1,5-bisphosphate carboxylase/oxygenase 

Ame^A Ratio of mesophyll surface area connecting 
intercellular air space to leaf area 

g'r Residual conductance 

A350 C02 assimilation rate at ambient C02 concentration 
(350 jumol mol"1) 
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CHAPTER 1 

INTRODUCTION 

Photosynthetic rates of crop species are related to 

parameters, such as the amount and activity of ribulose-1,5-

bisphosphate carboxylase/oxygenase (Rubisco), leaf N content 

per area (NJ , stomatal conductance to C02 diffusion (g's), 

residual conductance (g'r) , and carboxylation efficiency (g*„0 . 

The effects of Na on photosynthetic capacity have been 

extensively studied, and a correlation between the two has 

been reported (Evans, 1989; Seemann, 1987; Leslie, 1986; and 

Sage, 1987). Evans (1989) reported that the proteins of the 

Calvin cycle and thylakoids comprise the majority of leaf 

nitrogen. Rubisco, the most abundant protein on the earth, 

makes up to 50% of the total leaf soluble nitrogen in C3 

plants (Evans, 1989). 

In recent years, several authors have suggested that 

Rubisco can be a limiting factor in photosynthesis under many 

conditions. At high irradiance, both C02 assimilation rates 

and the carboxylation efficiency have often been shown to 

correlate with leaf Rubisco concentration (Seemann etal., 

1981) or with its maximum extractable activity (von Caemmerer 

and Farquhar, 1981; Bjorkman, 1982). 
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Evans (1986) also reported that the rate of C02 

assimilation at normal C02 concentration (340 jumol mol"1 ) and 

high irradiance could be quantitatively predicted from the 

amount of Rubisco protein, and that the maximum rate of RuBP 

regeneration could also predict the rate of C02 assimilation 

at normal ambient conditions. Thus, the biochemical model of 

photosynthesis in C3 plant species proposed by Farquhar and 

von Caemmerer (1981) indicates that the rate of C02 assimi

lation may be limited either by Rubisco activity or by the 

capacity of RuBP regeneration. 

The initial slope of C02 assimilation (A) with 

increasing intercellular C02 (Cj) , also termed carboxylation 

efficiency, is a measure of C02 assimilation capacity 

independent of the limitation due to stomatal conductance. 

It reflects an increase in carboxylation for each increment 

of additional C02 available in the intercellular spaces 

(DeJong, 1982). Carboxylation efficiency (g',J is generally 

recognized as the controlling factor for photosynthesis in 

C3 species and is considered more important than stomatal 

conductance in regulating photosynthetic rates (DeJong, 1982; 

Pammenert et al., 1985). 

The ratio of mesophyll surface area to leaf area 

(Am^A) is one of the most important anatomical parameters 

affecting photosynthetic rates. Several studies indicate that 

in any given species, the light-saturated photosynthetic rate 
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is positively correlated to Am^A (Nobel, 1977; Nobel, 

Zaragoza and Smith, 1975). 

RCP37, one of the clones of Fraqaria chiloensis. from 

a high nutrition strand habitat, and 'Midway' (Fraqaria x 

ananassa), an important cultivated variety grown in North

eastern America, were chosen for study. From preliminary 

studies, distinct differences in photosynthetic capacity were 

observed for RCP37 and 'Midway'. The purpose of this study 

was to evaluate the photosynthetic capacities of the two 

strawberry genotypes in a common environment. Some parameters 

of gas exchange, C02assimilation rate, leaf nitrogen content, 

and Rubisco amount and activity were determined. Leaf anatomy 

was also studied, with an emphasis on measuring the ratio of 

Am7A. 

Wild strawberry, Fraqaria chiloensis. one of the 

progenitor species of the cultivated strawberry, Fraqaria x 

ananassa. has been reported to have considerable ecological 

differentiation for a number of morphological traits (Hancock, 

1979) and to be an important gene pool for insect and disease 

resistance in strawberry breeding programs (Sjulin and Dale, 

1987). F. chiloensis has also proven to be a valuable donor 

of genes for large fruit (Hancock and Bringhurst, 1989). Many 

clones of F. chiloensis have been shown to have much higher 

photosynthetic rates than cultivated strawberry (Hancock 

et al., 1989; Cameron and Hartley, 1990). Hancock et al. 

(1989) reported that in segregating populations of backcrosses 
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between F. chiloensis and F. x ananassa. CO2 assimilation rate 

(A) increased in relation to the percentage of genes from 

F. chiloensis. This indicates that high A is quantitatively 

inherited. Thus, clones of F. chiloensis might provide a 

potential resource for increasing A or yields in cultivated 

strawberry. 
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CHAPTER 2 

LITERATURE REVIEW 

Photosynthetic rates of C3 plants, which are 

influenced by many factors involved in plant growth and 

development, differ greatly among species. There are also 

many photosynthetic parameters which come into play in C02 

assimilation rates. Rubisco amount and activity, carboxyla-

tion efficiency, and stomatal conductance have been studied 

and related to photosynthetic capacity. In recent years, much 

more attention has been paid to the effects of leaf anatomy 

on C3 plant photosynthetic rates. This review examines how 

biochemical parameters, leaf conductances related to C02 

diffusion, and leaf anatomy affect photosynthetic capacity. 

Rubisco Protein and Photosynthesis 

Rubisco, which seems by far the most abundant protein 

on earth, with one-eighth to one-fourth of leaf protein 

existing in chloroplasts as this enzyme, is functional in all 

photosynthetic organisms, with the exception of a few photo

synthetic bacteria (Salisbury and Ross, 1985) . Photosynthetic 

capacity in relation to Rubisco has been extensively studied. 

At high irradiance, C02 assimilation rates and carboxylation 

efficiency are often correlated with Rubisco concentration or 

with its maximum extractable activity of leaves (Seemann, 
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Tepperman and Berry, 1981). Makino, Mae and Ohira (1984) 

reported that estimated Rubisco activity in vivo was linearly 

correlated with the rate of C02 assimilation at each level of 

irradiance in rice leaves, indicating that the rate of C02 

assimilation in rice leaves under ambient conditions is 

regulated during their entire life span by Rubisco capacity. 

In recent years, several authors have suggested that 

Rubisco can be a limiting factor in photosynthesis under many 

conditions. Evans reported (1986) that in two nuclear-

cytoplasm substitution lines of wheat, the rate of C02 assi

milation at normal C02 concentration (340 (jlmol mol"1) and high 

irradiance could be quantitatively predicted from the amount 

of Rubisco protein. The maximum rate of RuBP regeneration 

could also predict the rate of C02 assimilation at normal 

ambient conditions (Evans, 1986). 

The most important properties of Rubisco are its 

catalytic function, which enables the C02 assimilation rate 

to respond to changes in intercellular concentrations of C02 

and 02. These catalytic properties and the Rubisco's con

centration per leaf area have played an important role in 

modelling C3 photosynthesis (Farquhar and von Caemmerer, 

1986). They (1986) suggested that C02 assimilation rates in 

leaves may be modelled either by Rubisco activity or capacity 

for RuBP regeneration. They also suggested that the capacity 

for RuBP regeneration would be limiting; for example, at high 
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irradiance and high C02 concentration and at decreasing lower 

C02 concentration with decreasing irradiance. 

Relationship Between Leaf N Content 
and C0-> Assimilation Rates 

Correlation between leaf N content and assimilation 

rates of leaves has been frequently reported. Strong cor

relations exist between leaf N content and assimilation rate 

for most species and cultivars that have been studied 

(Appendix A) . Large differences exist in A and Na> between 

plant species; i.e., Evans's collection of different types of 

plants (1989) showed that there was a 10-fold variation in C02 

assimilation rates at a given rate of leaf N per unit area 

(Ng) . The linear relationship between A and Na should be 

limited within a given range of Ng, which varies between 

species. Lugg and Sinclair (1981) regressed A against Na for 

different nodes of soybean cultivars, Corsey and Chippewa 64, 

and found a linear correlation (r > 0.76) only when Na was 

less than 2.4 g N m"2. Above 2.4 g N m"2, little further 

increase in A was found. Lawlor, Kontturi and Young (1989) 

found that photosynthesis per unit leaf area of flag leaf and 

carboxylation efficiency in both winter and spring wheat were 

proportional to the amount of total soluble protein up to 7.0 

g m"2 or to the amount of Rubisco protein up to 4.0 g m"2. 

However, photosynthesis did not increase in proportion to the 

amount of total soluble or Rubisco protein above these 

amounts. Yoshida and Coronel (1976) grew the rice cultivar 
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IR8 in solutions of various N concentrations and found a 

linear relation (r = 0.94) between A and Na at the observed 

Na range of 0.5 to 1.5 g N m"2. Tsuno (1971) reported a linear 

correlation (r = 0.84) between A and Na at the milky-dough 

stage of rice, and Na was found to range from 0.8 g N m"2 to 

1.6 g N m*2. 

There are several reasons for the high positive 

correlation between leaf N content and C02 assimilation rates. 

These include nitrogen, which is an indispensable component 

of the biochemical constituents driving all photosynthetic 

processes and constructing the architecture of the photosyn

thetic apparatuses where photochemical reaction and dark 

reactions take place. It is not surprising that high correla

tions have been obtained. A substantial proportion of leaf 

N is associated with the photosynthetic apparatus and photo-

synthetically related enzymes. Leaf nitrogen involved_ in 

photosynthesis can basically be divided into two components: 

soluble protein, dominated by the enzyme Rubisco, and thyla-

koid protein (Evans, 1989). Photosynthetic related enzymes 

account for the majority of total leaf nitrogen, with Rubisco 

taking up 20-30% of total leaf N or up to 50% of total leaf 

soluble nitrogen in C3 plants. Thylakoid membranes, which 

are the second component of protein and where photochemical 

reactions occur, contain pigment-protein complexes, coupling 

factors, and components of the electron transport chain. 
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Approximately 60-85% of the second component of protein is 

found in pigment protein/reaction center complexes. 

To achieve a rapid rate of photosynthesis, adequate 

amounts of photosynthetic components and enzymes must be made. 

In agriculture, this is achieved by application of nitrogen 

fertilizers, which encourage formation of large, long-lived 

leaves with large amounts of chlorophyll, Rubisco and other 

photosynthetic components per unit leaf area. Leaves of wheat 

supplied with ample nitrogen fertilizer contain up to 18 g of 

soluble protein m"2 of leaf, of which Rubisco forms some 50 to 

70% (Evans, 1983; Lawlor, Kendall, and Keys, 1987). The 

studies of Lawlor, et al. (1989) with wheat showed that Amax 

of spring wheat flag leaves was greater throughout their life 

with 20 mol m"3 N03" treatments than with 1.0 and 0.1 mol m"3 N03" 

treatments. Carboxylation efficiency was lower in the leaves 

of plants grown with 1.0 and 0.1 mol m"3 N03" compared to 20 mol 

m'3N03". Tadaaki (1986) reported that mulberry leaves supplied 

with the highest N level (120 kg N ha"1) showed twice the rate 

of C02 assimilation compared with those on lower N (10 and 40 

kg N ha"1 ) . Total N, total-soluble protein, and Rubisco 

protein increased with the supply of N. Leaves of N12o (120 kg 

N ha"1) plants contained double the Rubisco protein found in N10 

(10 kg N ha'1 ) leaves. The ratio of Rubisco to total soluble-

protein or to total N was also increased by increasing the N 

supply. 
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Increased photosynthetic rates with increasing amounts 

of applied N were, however, not found in field-grown wheat 

(Thomas and Thorne 1975; Pearman, Thomas, and Thorne 1979; 

Gregory, Marshall, and Biscoe 1981), and Gregory et al. (1981) 

suggested that responses to N in pot experiments results from 

testing much lower concentrations of N (< 10"5 M) than those 

found in many arable soils (< 10"3 M) . Similar results were 

obtained with potato varieties •Estima' and 'Pentland Crown' 

at three N fertilizer rates: 0, 90, 180 kg N ha"1 (Firman and 

Allen, 1988). In all experiments, rates of photosynthesis of 

leaves on plants grown without applied N were as high as those 

receiving applied N. Results reported by Firman et al. (1988) 

are in agreement with the assertion of Gregory et al. (1981) 

that available N in many soils is not low enough to limit leaf 

photosynthesis of crop plants directly. 

Contribution of Carboxvlation Efficiency and 
Stomatal Conductance to Photosynthetic Rate 

The roles of different factors important to deter

mining photosynthetic rates can be quantified by describing 

C02 uptake as a diffusion process limited by conductance 

determined by the different leaf properties. Traditionally, 

the controls of C02 diffusion most commonly measured are 

stomatal conductance, representing pathways from outside the 

leaf to the intercellular air spaces, and mesophyll conduct

ance, representing pathways from the intercellular air space 

up to and including the C02 carboxylation reaction in the 
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chloroplast (Chabot and Chabot, 1977). Therefore, carboxyla-

tion efficiency can be divided into an anatomical component 

related to leaf structure and a cellular component, which 

includes the properties of individual mesophyll cells. The 

anatomical component, Ame^A, is the surface area of palisade 

and spongy mesophyll cells available for C02 absorption under 

a given area of leaf surface. 

The initial slope of C02 assimilation (A) with 

increasing intercellular C02 (Cj) has been alternatively termed 

a measure of carboxylation efficiency (g'J because it 

reflects the increase in carboxylation for each increment of 

additional C02 available in the intercellular spaces. Thus 

it is a measure of COz assimilation capacity independent of 

the limitation by stomatal conductance (DeJong, 1982). Many 

factors affect changes in carboxylation efficiency (g'm) and 

residual conductance (g'r ), including both physiological and 

morphological properties of cell walls, cytoplasm, chloroplast 

membranes, and the carboxylation reaction of photosynthesis 

(Javis, 1971). However, ontogenetic changes in g'm and g'r 

are most often only slightly modified by various environmental 

and internal factors during growth or development, such as 

water potential, vernalization, irradiance, high level of 

nutrition, drought, and pollution (Catsky and Ticha, 1982). 

Mesophyll conductance is the smaller conductance in 

leaves of most C3 plants; therefore, it is generally 

recognized as the controlling factor for photosynthesis of 
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these plants. For example, for Manihot esculenta. the 

correlation between g1,,, and net photosynthetic rate (Pn ) is 

usually higher than that between stomatal conductance (g1s ) 

and Pn (Aslam, Lowe and Hunt, 1977), and Pammenert et al. 

(1985) indicated that mean maximum net assimilation rate in 

Aqrostis maqellanica (9.5 ± 1.6 (imol C02 m"2 s"^) was not 

significantly different from that in Aqrostis stolonifera 

(9 ± 2.1 fimol C02 m"2 s'1), despite the implication from the 

difference in transpiration rates that A. stolonifera has a 

higher leaf conductance to water vapor (and hence to CO^ . 

This suggests that a component of mesophyll conductance is 

more important than stomatal conductance in regulating 

photosynthetic rates. 

Changes in C02 assimilation rate are intimately 

associated with g'm . DeJong (1982) noted that in peach, the 

correlation between Na and g»m (R = 0.96) was close to that 

between Na and A, with g'm more correlated with Na than g's 

(Appendix B), and C5 tended to decrease slightly with 

increasing C02 assimilation rates and Ng, indicating that C02 

assimilation was not restricted by low intercellular C02 

concentration (Cj). 
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Leaf Anatomy of Plants and Photosynthesis 

The effects of leaf anatomy on photosynthetic capacity 

have been well documented on C4 plants. The Kranz type of 

leaf anatomy, characterized by the radial arrangement of 

chlorenchyma (bundle sheath and mesophyll) around the vascular 

bundle and by prominent chloroplasts in the bundle sheath 

cells, is characteristic of C4 plants; no C3 plants have been 

shown to possess it (Crookston and Moss 1970; Hesketh and 

Baker 1970; Laetsch 1971). Due to a division of labor between 

two different kinds of photosynthetic cells in C4 species, 

mesophyll cells, which are responsible for the primary 

fixation of C02 as forms of 4-carbon acids, and bundle sheath 

cells, which are the site of the Calvin cycle, the C02 

concentrating mechanism, enable C4 species to have unde

tectable photorespiration rates and higher water use 

efficiency. When temperatures reach 25 to 35°C and light 

irradiances are high, C4 plants are about twice as efficient 

as C3 plants in converting sun energy into dry matter 

production (Laetsch, 1971). 

The mechanism by which leaf anatomy affects photo

synthetic rates of C3 species or cultivars is different from 

that of C4 plants because of the lack of a CO2 concentrating 

mechanism (Hesketh and Baker, 1970). Carbon dioxide has to 

pass the pathway from outside the leaf to the carboxylation 

sites in chloroplasts through a series of structures differing 

in physical, chemical and biological properties which more or 
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less control its flow rate. Therefore, the photosynthetic 

rate is intimately associated with the parameters of leaf 

anatomy and C02 diffusion, including the ratio of mesophyll 

surface area to leaf area (Ame^A) , leaf thickness, mesophyll 

layer thickness, diameter of mesophyll cells, or mesophyll 

cell dimension (Nobel et al., 1975; Javis, 1971; Wilson and 

Cooper, 1967; El-Sharkawy and Hesketh, 1965; Sarahara, 1982). 

There are a number of diverse reports on mesophyll 

cell size in relation to photosynthesis. A negative corre

lation between photosynthesis and the average diameter of 

mesophyll cells in several species was reported, being attrib

uted to an increase in cell surface area per volume with 

reducing cell size (El-Sharkawy and Hesketh, 1965). However, 

in Brassica spp., large mesophyll cell size was associated 

with Ame^A, resulting partially in maintaining high rates of 

photosynthesis (Sarahara, 1982). No correlation was observed 

for soybean between cell diameter and photosynthesis. Thus, 

there seems to be no consistent relationship between cell size 

and photosynthesis (Dornhoff and Shibles, 1976). Wilson and 

Cooper (1967) found that the cross-sectioned area of mesophyll 

cells and leaf thickness in Lolium increased towards the upper 

segment of the leaf while photosynthesis decreased. 

Turrell (1936) noted that mesophyll surface area to 

leaf area was an important determinant of C02 diffusion rates 

into leaves. Several studies indicated that in any given 

species, the light-saturated photosynthetic rate is positively 
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correlated to the mesophyll surface area per unit leaf area 

(Am<?A) (Nobel et al., 1975; Nobel, 1977); i.e. the ratio of 

Amc^A varies with photosynthetic capacity of leaves, with 

leaves of high photosynthetic capacity having higher ratios 

than leaves having a lower capacity for photosynthesis. Nobel 

(1977, 1980) suggests that Am(^A might control photosynthetic 

capacity. In a study of eight Pistacia species, Lin et al. 

(1984) found that the highly developed palisade parenchyma 

toward the abaxial sides of leaflets of P. vera and P. 

atlantica could increase the A^A ratio and are associated 

with high photosynthetic rates. However, P. intecrerrima had 

a relatively low A value even though it had some palisade-like 

parenchyma cells toward the abaxial side of its leaflets and 

a high Ame^A. They suggested that the development of palisade 

parenchyma appears not to be the sole factor responsible for 

the high photosynthetic capacity in this species. As Bjorkman 

(1981) pointed out, an increase in photosynthetic rate could 

only occur if an increase in Am<^A was accompanied by 

increases in other constituents determining the photosynthetic 

rate at the chloroplast level. Bjorkman (1981) argued that 

the different ratios of Amc^A may be the result of the 

adaptation to high photosynthetic capacity. Generally 

speaking, changes in Arae^A are associated with alternations 

of photosynthetic capacity, but exceptions also exists; i.e., 

mesophyll surface area was observed to increase for Fraaaria 

vesca as light intensity increased but with no significant 
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increase in CO2 exchange rate and net photosynthesis, probably 

due to the specific damage to the photosynthetic apparatus 

imposed by high light intensity (Chabot and Chabot, 1977). 

Changes in Ame^A can be due to changes in the number 

of cell layers or the dimensions of individual cells, where 

the major part of the internal leaf area is often the lateral 

walls of the palisade cells (Nobel, 1980). The ratio of 

Ame^A varies from species to species, ranging from 17 to 41 

(Longstreth, Hartscock and Nobel, 1980) . Most C3 species have 

two palisade layers, which results in generally high Ame^A 

(Nobel et al., 1981). The following factors are involved in 

the increase of Am(^A: lengthening of cells in the upper two 

palisade layers, development of additional palisade layers, 

and increase in size and frequency of spongy mesophyll cells 

(Nobel et al., 1975). Changes in Am^A are subject to both 

leaf anatomical factors and environmental conditions under 

which plants are grown. Nobel (1980) reported that Prosouis 

chilensis had an Ame^A of 34 and a mesophyll thickness of only 

137 nm, while Oenothera elata had an Ame^A of 36 and a 

mesophyll thickness of 320 /m, indicating that mesophyll size 

varies considerably and the mesophyll size is mainly respon

sible for the difference in Am^A. Environmental conditions 

such as illumination and nutrition availability can consid

erably influence Ame^A. Nobel et al. (1975) reported that 

A^A greatly varied with illumination. When illumination 

during development was raised from 900 to 42,000 lux, the 
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leaves of Plectramthus parviflorus (Henckel) more than tripled 

in thickness as mesophyll cells increased in size and freq

uency, which caused Am<^A to go from 11 to 50, with a 4-fold 

concomitant increase in net rate of photosynthesis. 

A number of studies have been reported on internal 

leaf anatomy relating to photosynthetic rate. Although the 

reported results are variable, the main conclusions seem to 

be that small cell size and large mesophyll surface area per 

unit leaf area are associated with a high photosynthetic 

rate through an increase of Ame^A and mesophyll conductance 

(EL-Sharkawy and Hesketh, 1965; Wilson and Cooper, 1967; 

Nobel, 1970, 1977; Nobel et al., 1975). Turrell (1936, 1965) 

noted that Am<^A went from 14 for shade leaves of Svrinaa 

vulgaris to 26 for sun leaves and felt that the great increase 

in the internal leaf area would only increase transpiration 

instead of photosynthetic rate. However, other reports 

(Tanton and Crowdy, 1972) indicated that the transpiration 

rate would be essentially independent of Amc^A. They 

evidenced that nearly all the water evaporated from leaves of 

Hordeum vulqare L., Plantaoo maior L., Prunus laurocerasus L., 

and Phaseolus vulgaris L. came from the inner sides of the 

guard cells and other epidermal cells. Thus, the water vapor 

flux in intercellular air spaces would be relatively small, 

and changes in would have their major direct influence 

on photosynthesis, not on transpiration (Nobel et al., 1975). 
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Summarily, high correlations have been observed to 

exist between C02 assimilation rate (A) and Rubisco amount, 

between A and Rubisco activity, between Na and C02 assimilation 

rate, between A and mesophyll conductance, between A and 

stomatal conductance, between A and Am^A, between leaf 

nitrogen content (NJ and leaf conductance, and between Na and 

Rubisco amount (Appendix B). Unfortunately, little work has 

been conducted to relate those parameters to photosynthetic 

capacity in a comprehensive way. Longstreth, Hartscok and 

Nobel (1980) suggested that the combination of the highest 

Am<^A and highest stomatal conductance resulted in Cammissonia 

claviformis having the greatest maximum rate of C02 uptake in 

low oxygen, 93 mol m"2 s"1. He only related two parameters to 

photosynthetic capacity. Actually, a number of parameters 

influence the photosynthetic capacity of crops. The 

evaluation of the photosynthetic capacity of crops in a 

comprehensive way, which has received little attention, will 

provide insight into the study of photosynthetic capacity of 

crops. 
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CHAPTER 3 

MATERIAL AND METHODS 

Plants used in the present research were wild straw

berry genotype RCP37 (Fragaria chiloensis) and cultivated 

strawberry, 'Midway* (Fragaria x ananassa) . Plants were grown 

at the University Farm of the University of Arizona during 

1988-1989. 

Material 

Strawberry plants of RCP37 (Fragaria chiloensis) and 

•Midway* (Fragaria x ananassa) were potted in 4 L plastic pots 

in the mixture medium of soil + sphagnum peat + perlite 

(1:2:2 by volume), pH 6.2, and grown under greenhouse 

conditions with the temperature of 22/17"C (venting/night). 

Average light irradiance was 580 fxmol m"2 s"\ Plants were 

fertilized three times a week (Monday, Wednesday, and Friday) 

with 0.5 strength Hoagland's solution and watered daily. All 

flowers and runners were removed as they appeared. 

Gas Exchange 

Gas exchange response to increasing COz levels was 

measured on 5 plants for each strawberry species using an open 

system and Plexiglas chamber coated on the inside with clear 

teflon tape to reduce water vapor adsorption and absorption 
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on September 13 and 27, respectively. Two fully expanded or 

mature trifoliates were used for each plant. Temperature 

within the chamber was controlled with a peltier plate 

(Thermoelectric Corporation of America model 150HC) and air 

circulation over a nickel plated aluminum heat exchanger was 

supplied with a small DC fan (Panmotor model L402). Carbon 

dioxide, oxygen, and nitrogen were manually mixed with 

multiple valves, and flow rates into the mixing chamber were 

measured with mass flow meters (Hastings models ST 2663 and 

ST 2664) . Response of C02 assimilation (A) to increasing C02 

was monitored by measuring C02 gas exchange in step increments 

from low (< 100 jumol mol"1) to high C02 (> 800 /xmol mol"1) . The 

reference, sample, and C02differential concentrations between 

the inlet and outlet gas from the chamber was measured with 

an IRGA (ADC model LCA-2) . Flow rate into the gas cuvette was 

controlled at 4 L min"1, and the air temperature inside the 

chamber was controlled throughout at 20 + 0.2°C. Air and leaf 

temperatures were monitored with thin wire thermocouples. 

Vapor pressure on the inlet was set by saturating the gas 

stream in a temperature-controlled water bath then drying part 

of the air stream with silica gel in order to maintain leaf 

to air VPDs in the chamber between 1.5 and 2.5 KPa. Vapor 

pressure of the inlet gas was measured with a dew point 

hygrometer (EG & G model 911). Outlet vapor pressure was 

measured directly within the chamber using an EG & G model 

200 dew point hygrometer. Light supplied by a 1000 W metal 
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halide lamp was filtered through about 8 cm of water. Light 

intensity (PPF /xmol m"2 s"1) was measured with a quantum sensor 

(Licor model LI-180) at the top of the leaves and was 

maintained between 850 and 1100. Values for gas exchange 

parameters were calculated using standard equations (Moon and 

Flore, 1986). 

Sampling 

Leaf area was measured with a portable area meter 

(model LI-3000) and the leaf was divided into approximately 

two halves. One portion of it was fixed with liquid nitrogen 

and stored frozen in a refrigerator for the measurement of 

Rubisco enzyme activity and Rubisco amount. The other portion 

was manually dissected into about 2.5 x 8 mm sections with 

razor blades and fixed in FAA fixative for leaf anatomy work. 

One of the leaflets from the same trifoliate was taken for 

determining leaf nitrogen content. Total CO2 and Mg++ 

saturated Rubisco activity was measured as previously 

described (Perchorowicz et al., 1981). The Rubisco amount was 

measured with ^ABP radioactive isotope labelling methods. 

Total leaf nitrogen content was measured by automated Micro 

Kjeldahl (Schuman et al., 1973). 
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Preparation for Slides and Pictures 

FAA-fixed leaf samples were stored at room temperature 

for more than 80 days, dehydrated using a Fisher Tissuematon 

(Fisher Scientific model 60) in a tertiary butyl alcohol + 

toluene series, embedded in paraplast, and sectioned at 10 jtxm 

thickness with a rotary microtome (AO 820). Sections were 

stained with safranin-fast green (Berlyn and Miksche, 1976). 

Photographs were taken at a magnification of 200x using a 

Nikon microscope with a Nikon FX-35 camera (Nikon Labophot-

224081). All pictures were calibrated to determine the 

magnification using a Nikon objective micrometer, photographed 

with the same microscope-camera system for calculation of the 

true perimeters of mesophyll cells. Photographs were devel

oped and printed using Kodak white and black (Polycontrast III 

RC) papers. 

Measurement of Amc^A 

The following equation was used to calculate Am<7A: 

Am<?A = (Pcci, X Nce„x T) / (L X T) 

= (^cell X NccI)/L 

where 

Pceii= perimeter (/xm) of a mesophyll cell exposed to 

intercellular air space 

T = thickness (/nri) of cross section 
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L = length (jim) of cross section covered the 

mesophyll cells, which was equivalent to the 

length of a picture 

Nceii = number of mesophyll cells on a picture 

The following procedures were used to obtain Pcei> (1) 

The perimeter of a mesophyll cell was measured using a compass 

(Fullerton Sales Company) and a ruler (metric system). Each 

facet a cell was measured on the picture by the compass and 

converted into mm units using the ruler. Thus, by 'walking 

around* cells in this manner and by adding together the length 

of each facet, accurate measurements of mesophyll perimeters 

(Pp) were made. (2) Five or six mesophyll cells were chosen 

to obtain the mean of Pp, which was designated to be the Pp of 

a mesophyll cell. (3) Pp (mm) was calculated to Pccu (pm) with 

calibration. Ncen was obtained by counting the number of 

mesophyll cells. L was obtained by measuring the length of 

a picture with a ruler and calibration. Thirty-two observa

tions (32 pictures) were obtained for Am7A of each genotype. 

Measurement of Mesophvll Layer Thickness 

Mesophyll layer thickness (mm) was measured with a 

ruler from the pictures used for measurement of Am<^A and was 

calibrated to jam unit with the same calibration for Am<^A. 



33 

Measurement of Epidermal and Leaf Thickness 

Observations of epidermal thickness were taken from 

leaf cross sections used for photographing, using a calibrated 

ocular micrometer under a Nikon microscope. Values of epi

dermal thickness were added to the values of mesophyll layer 

thickness to obtain leaf thickness values. 

Data Analysis 

The analysis of variance, F test, and T test were 

followed by the methods previously described (Gomez and Gomez, 

1984) for gas exchange data and leaf anatomy data. A loga

rithmic curve was fitted to the data for C02 assimilation (A) 

versus intercellular CO2 concentration (CJ. The assimilation 

rate of C02 at saturating C02 levels (AmaJ (Cj > 500 jumol mol"1) 

was calculated from the plateau phase of the A/Cj curves. 

Carboxylation efficiency (g'J was determined by linear 

regression using the linear portion of the A/Cj curve (0 to 250 

jimol mol"1 CO2). 
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CHAPTER 4 

RESULTS AND DISCUSSIONS 

Gas Exchange and Biochemistry Analysis 

Curves of assimilation rate (A) versus gradual incre

ments of intercellular C02 concentration (Cj) were regressed, 

with both 'Midway' (R2 = 0.912) and RCP37 (R2= 0.903) showing 

a good relationship between A and Cj (Figure 1). RCP37 showed 

a greater carboxylation efficiency than 'Midway', as indicated 

by the steeper slope of the linear portion of the A/C| curve 

in Figure 1. Compared to 'Midway', RCP37 showed a 35.2% 

higher leaf nitrogen content per unit leaf area (N,0 (Table 

1). Similar to Nw larger Rubisco amount and higher carboxy

lation efficiency (g'J were observed for RCP37: 33.6% and 

29% higher, respectively (Table 1). RCP37 showed a statis

tically higher residual conductance (g'r) (22.7%), which 

represents C02 diffusion through the mesophyll and biochemical 

resistance related to the carboxylation reaction (Moon and 

Flore, 1986) . The assimilation rate at 350 nmol mol"1 of 

ambient CO2concentration (C^ was significantly higher (15.8%) 

in RCP37 than in 'Midway', but there was no difference in Amax 

for both species. Both RCP37 and 'Midway' showed no 

difference in transpiration (E), water use efficiency (WUE), 
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Figure 1. C02 assimilation rate (A) versus intercellular C02 
(Cj) was measured at leaf temperature between 20 ± 
0.2#C, at light intensity between 900 and 1100 /unol 
m'2 s"1 PPF, and at leaf to air pressure deficits 
between 1.5 and 2.5 KPa. — Lines are the best fit 
regressions to the data, and different symbols 
represent different plants. 
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Table 1. Some gas exchange characteristics of Fraqaria x 
ananassa and Fraqaria chiloensis. 

Midway RCP 37 Significant 
(F. ananassa) (F. chiloensis) Levels 

Amax (Mmol m"2 s-1) 20.98 23.98 NS 

RSA(/imol mg"1 min"1) 1.17 1.04 NS 

Rubisco amount 
(mg m"̂  854.90 1286.90 * 

g'm (mmol m"2 s"1) 62.14 87.50 ** 

A350 (/mol m"2 s"1) 13.52 16.06 * 

g'r (mmol m*2 s"1) 48.46 62.69 * 

g*s (mmol m"2 s"1) 206.60 236.20 NS 

Cj (^mol mol"1) 279.20 274.30 NS 

WUE (mol mmol"^ 3.45 3.15 NS 

E (mmol m"2 s"1) 4.07 5.73 NS 

Na (mmol m"^ 96.20 148.54 ** 

Note: RSA = Rubisco specific activity 
WUE = water use efficiency 
E = transpiration 
Na = nitrogen amount per unit leaf area 
NS = not significant 
* = P < 0.05 
** = P < 0.01 
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internal C02 concentration (Cj), and Rubisco specific activity. 

Leaf Anatomy 

The ratio of mesophyll surface area to leaf area 

(Ame^A) was significantly higher (P < 0.01) in RCP37 (19.90) 

than in 'Midway' (17.50) (Table 2). Mesophyll parenchyma 

layer thickness was compared between RCP37 and 'Midway'. 

Results showed that RCP37 had a much more developed palisade 

layer (P < 0.001), which is the primary cause of differences 

in Ame^A, compared to 'Midway'. The mesophyll parenchyma 

layer of RCP37 was also significantly thicker (P < 0.001), 

but there was no difference in the spongy layer. Leaf 

thickness was greater in RCP37 than in 'Midway' (P < 0,05). 

RCP37 also showed a pronounced thicker epidermal layer 

(P < 0.001), which is typical of leaves of wild strawberry, 

F. chiloensis, with a leathery, thick, highly cutinized 

surface (Hancock and Bringburst, 1979). 

Discussion and Conclusions 

The relationship between photosynthesis and nitrogen 

has been well documented because of the importance of photo

synthesis to crop productivity and the status of nitrogen as 

a limiting essential element (Evans, 1989; Hunt et al., 1985; 

Field, 1983). The results of this study indicated that RCP37 

(Fracjaria chiloensis) had a greater C02 assimilation rate (A) 

on a leaf area basis, greater rate of carboxylation efficiency 

(g'nOf greater rate of residual conductance (g'r), greater 
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Table 2. Some leaf anatomy characteristics of Fraaaria 
ananassa and Fraqaria chiloensis. 

Midway RCP 37 Significant 
(F. ananassa) (F. chiloensis) Levels 

Palisade layer 
thickness (/urn) 62.14 83.73 *** 

Spongy layer 
thickness (/xm) 59.46 60.59 NS 

Mesophyll layer 
thickness (im) 121.60 144.44 *** 

Ame^A (palisade) 10.62 12.61 *** 

Am7A (spongy) 6.89 7.29 NS 

Ame^A (p + s) 17.50 19.90 ** 

Epidermal thick
ness (n m) 41.81 48.47 *** 

Leaf thickness 
(Mm) 171.32 185.08 * 

Note; NS = not significant 
* = P < 0.05 
** = p < o.Ol 

*** = p < 0.001 
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amount of Rubisco, higher leaf N content, and greater ratio 

of mesophyll surface area to leaf area (Am<^A) compared to 

•Midway1, a common strawberry cultivar (F. x ananassa) grown 

in North America. This indicates that RCP37 has a greater 

photosynthetic capacity than 'Midway', but further studies are 

required to determine the nature of these differences. 

In recent years, there is a tendency that research 

has focused on seeking wild sources of germplasm to improve 

crop economic characteristics (Vose, 1987). Many F. 

chiloensis clones have proven to posses a much higher A than 

cultivars of F. x ananassa (Hancock et al., 1989; and Cameron 

and Hartley, 1990). The differences in A between F. 

chiloensis and F. x ananassa are quantitatively inheritable 

(Hancock et al., 1989). This implies that clones of F. 

chiloensis may provide a germplasm with high A to improve 

yields of cultivated strawberry (J\. x ananassa) by hybridi

zation. 

High correlations existed between A and Na for a 

number of plant species (Sinclair and Horie, 1989; Sage and 

Pearcy, 1987a and 1987b; Hunt, 1985; DeJong and Doyle, 1985; 

DeJong, 1982). This is not surprising because Rubisco, the 

primary carboxylating enzyme in leaves, accounts for a 

considerable fraction of total leaf soluble protein (Evans, 

1989). However, the proportion of Napartitioned into Rubisco 

varies considerably from species to species. For example, 

rice leaves contain 27% of the total leaf Na in Rubisco 
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(Makino et al., 1984), whereas only 20% of the total leaf Na 

is present in Rubisco for wheat (Evans and Seemann, 1984; 

Evans and Austin, 1986). 

Is A (assimilation rate) related to the proportion of 

Na in Rubisco for a given crop species? Further study is 

required to determine the relationship between A, Na and 

Rubisco, and to understand the effects of Na partitioned 

between Rubisco and other soluble proteins on C02 assimilation 

rate, but this is beyond the scope of this study. Joseph and 

Randall (1981) suggested that increasing the amount of Rubisco 

at the expense of other soluble proteins was the cause of 

higher rates of C02 assimilation in polyploid tall fescue. 

In a survey of a number of C3 species, Evans (1989) reported 

that the proportion of Na in Rubisco and other photosynthetic 

enzymes increased with increasing whereas the proportion 

of Na in thylakoids, the structural components of photosyn

thesis, remained constant. Thus, Na represents a primary 

"cost" component in the construction and maintenance of 

photosynthesis capacity. At a low Na level, a substantial 

proportion of Na might be partitioned into thylakoids and a 

relatively lower proportion of Na is partitioned into Rubisco. 

Once Na is above a critical point (Na when A is equal to zero) , 

the proportion of Na into Rubisco or into other photosynthetic 

enzymes will increase with increasing Na. For these two geno

types, RCP37 possesed a greater percentage of Rubisco (33.6%) 
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than 'Midway', similar to the difference of Na (35.2%) between 

the two species. This appears to support what Evans reported. 

Attempts to relate quantitatively C02 assimilation 

rate to Rubisco activity or its amount have frequently been 

made since this enzyme has been identified as possibly 

limiting photosynthesis (Evans, 1986). Makino et al. (1984) 

obtained a good prediction of the rate of C02 assimilation 

from the amount of Rubisco protein for rice crops; whereas, 

Perchorowicz et al. (1981) reported that for wheat seedlings, 

the degree of activation of Rubisco was demonstrated to be a 

major factor controlling photo synthetic carbon fixation. Both 

C02 assimilation rates and carboxylation efficiency are 

correlated with Rubisco concentration or with its maximum 

extractable activity of the leaf (Seemann et al., 1981). For 

RCP37, a higher rate of C02 assimilation was only associated 

with a greater amount of the total Rubisco protein instead of 

its specific activity. The kinetic properties of Rubisco 

suggest that the amount of the enzyme as well as the degree 

to which the enzyme is activated should be considered as a 

major focal point for regulation of photosynthetic C02 

assimilation (Perchorowicz et al., 1981). Therefore, if the 

proportion of activated Rubisco to the total amount of Rubisco 

had been measured, it would have led to a better understanding 

of the role of Rubisco in regulating C02 assimilation 

capacities of the two strawberry genotypes. 
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Von Caemmerer et al. (1981) suggested from a steady-

state model of photosynthetic carbon metabolism that the 

initial phase of linear response of A to Cif rate of CO2 

assimilation is determined by carboxylation efficiency, which 

reflects the amount of active Rubisco. In addition to 

Rubisco, a greater Am^A may lead to a higher rate of 

carboxylation efficiency (Nobel et al., 1975). RCP37 showed 

a higher rate of carboxylation efficiency, and also a highly 

significant amount of Rubisco and a highly significant ratio 

of Am<5'A. Therefore, both the amount of Rubisco and Ame^A 

might contribute to carboxylation efficiency. 

Evidence that RCP37 showed a significantly greater 

carboxylation efficiency (g'„) , significantly greater residual 

conductance (g'r), and no difference in stomatal conductance 

(g's) compared to 'Midway' might indicate that g'm and g'r 

might be the controlling factors for C02 assimilation rate. 

Carboxylation efficiency (g'J and residual conductance (g'r) 

are generally much smaller than stomatal conductance (g's) for 

C3 plant species; the changes in g1 mand g' r are of importance 

to C02assimilation rate. The ratio of mesophyll surface area 

to leaf area (Ame^A) is one of the determinants of g'nr 

Changes in g'r are in part determined by Am<^A (Nobel, 1983) 

and in part by the presence of enzymatic systems promoting C02 

transfer, i.e., carbonic anhydrase (Catsky and Ticha, 1982). 

In this sense, Ame^A influence the C02 assimilation rate. 

Changes in A^A have been positively correlated with some 
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environmentally induced changes in C02 assimilation rate (A) 

(Nobel and Longstreth, 1981) . The ratio of Am<^A varies with 

photosynthetic capacity of leaves, with leaves of high photo-

synthetic capacity having higher ratios than leaves having a 

lower capacity for photosynthesis (Nohel et al., 1975). A 

highly significant difference exsited in Am<^A between RCP37 

and 'Midway' (P < 0.01). This appears to indicate that a 

change in Ame^A is positively related to a change in C02 

assimilation rate (A). 

Changes in Ame^A are subject to many factors, both 

anatomical and environmental. Anatomically, cell dimension, 

cell arrangement, and mesophyll parenchyma category may 

contribute to change in Am^A. In this study, the values of 

Ame^A in both palisade and spongy layers are considered. 

Palisade layers showed a much higher Amc^A (P < 0.001) and 

much greater mesophyll layer thickness (P < 0.001) for RCP37, 

whereas spongy layers showed no difference in Am^A and in 

spongy layer thickness between the two species. This implies 

that palisade layers and palisade cell dimension are the main 

contributors to the difference in Amt7A for these two straw

berry genotypes. This is in agreement with the report that 

indicates that the highly developed palisade parenchyma toward 

the abaxial sides of leaflets of Pastacia vera and Pastacia 

atlantica could increase the Amc^A and may be involved in the 

attainment of high photosynthetic rates (Lin et al., 1984). 
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Capacity in Na partitioning is probably controlled by 

multiple genes, just as C02 assimilation rates of progeny of 

backcrosses between F. chiloensis and F. x ananassa are 

determined by the percentage of genes from F. chiloensis. 

There is currently little evidence about the biochemical and 

physiological bases of the genetic differences in the capacity 

for Na partitioning shown by these two strawberry genotypes, 

therefore, further studies are needed. The greater amount of 

Rubisco protein in RCP37 and the greater Ame^A are likely 

responsible for the higher photosynthetic capacity, and are 

responsible for the higher g'm and g'r . 
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BETWEEN PHOTOSYNTHETIC RATES AND 

LEAF NITROGEN CONTENT 
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COLLECTION OF PLANTS SHOWING THE CORRELATION 
BETWEEN PHOTOSYNTHETIC RATES AND 

LEAF NITROGEN CONTENT 

Plant Materials and Correlation R or Citation 
Scientific Names R2 

Peach. Prunus oersica L. A vs Na R=0. 91 Delong, 1982 

Soybean cultivars: 

Corsoy and Chippewa Ca vs Na R>0. 76 Lugg, 1981 

Williams and Lincoln Ca vs Na R=0. 81 Boon-Long, 1983 

Rice Ca vs Na R=0. 84 Tsuno, 1971 

Rice (cultivar IR8) Ca vs Na R=0. 94 Yoshida, 1976 

Common bean: 

Phaseolus vulcraris A vs Na R=0. 96 Seemann, 1987 

Australian rain forest 
floor species: 

Alocasia macrorrhiza A vs Na R=0. 83 Seemann, 1987 

Grasses: 

Chenooodium album A vs Na. R^=0, .81 Leslie, 1986 

Amaranthus retroflexus 
(C4) 

A vs Na R —0, .77 Leslie, 1986 

Chaparral shrub: Pa vs Na R=0. 52 Sage, 1987 

Ditjlacus aurantiacus Pw vs : Na R=0. 96 Sage, 1987 

A = Photosynthetic rate (jmol m"2 s"1) 
Na = Leaf N content per unit area (gN m"^ 
Ca = C02 assimilation rate (mg C02 m s"̂ ) 
Pa = C02 assimilation rate per unit leaf area (mg C02 m"^ 
Pw = C02 assimilation rate per unit dry weight (mg C02 g"̂  



APPENDIX B 
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CORRELATION BETWEEN PARAMETERS INVOLVED 
IN PHOTOSYNTHESIS 

Correlationship Rice 
Crops 
Wheat Peach 

Na vs g •, 
a CO CO • 
o
 

a CO • 

o
 0.83b 

Rubisco amount vs Na 0.97a 0.97a 

Rubisco amount vs A 0.96a 0.97a 

Rubisco activity vs A 0.96a 0.97a 

Na vs g'm 0.96b 

g'i = Leaf conductance 
Na = Leaf N content per unit area 
A = C02 assimilation rate 
g»m= Carboxylation efficiency 
a = Makino et al., 1985 
b = DeJong, 1982 
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