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ABSTRACT 

Physiological characteristics of three cotton genotypes were 

evaluated for their responses to plant aging under high and low planting 

density (HPD and LPD) treatments. In addition, the relationship of 

these physiological characteristics to fruit production were determined. 

Two genotypes are sympodia producing, "Pima S-6" (Gossypium barbadense 

L.) and "Deltapine 90" (DPL-90}(~. hirustum L.). The third, a "Cluster 

Selection" (~. barbadense L.) does not produce sympodia. These genotypes 

were grown on a Gil a sandy loam soil at Tucson, Ari zona in 1984 and 

1095. Plant physiological characteristics were measured under field 

conditions at 5 intervals. Leaf physiological characteristics were 

determined at 7 different leaf ages. 

LPD treatment significantly reduced total dry weight (TDW), fruit 

dry weight (FDWl, and led.. area index (LA!) in each ger.otype, but 

reduct ions were more pronounced in Pima S-6 and Cl uster Select ion in 

both seasons. However, LPD treatment signi ficantly increased pl ant 

leaf area, but had no effect on specific leaf weight (SLW), petiole 

nitrate-nitrogen (Petiole N03-N) concentration, leaf area ratio (LAR), 

and fruiting index (FI), for all genotypes in both seasons. The aging 

patterns of all physiological characteristics were similar in both 

planting density treatments, regardless of genotype or season. 

Regress i on ana 1 yses showed that photosynthet i c rate was 

curvilinearly correlated with leaf age (r2 = 0.65 to 0.77, P < 0.01). 

xi i 
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However, petiole N03-N concentration decreased linearly with increasing 

leaf age (r2 = 0.90 to 0.91, P < 0.01). Photosynthetic rate increased 

curvilinearly with increasing petiole N03-N concentration (r2 = 0.61 to 

0.79, P < 0.01). SLW was not correlated with leaf age, or other leaf 

physiological characteristics regardless of planting density treatment 

in 1985. 

TOW, FI, and LAI were directly related, while petiole N03-N 

con cent rat i on and LAR were inversely related to fru it product i on for 

all genotypes in both seasons. Multiple regression analyses showed 

that excluding planting density treatment effect, TOW, FI, and LAI were 

the most important variables incorporated for fruit prediction in both 

seasons. 



CHAPTER 1 

I NTRODUCTI ON 

Most crop species have definite cycles of growth, during which 

vegetative and reproductive development occur. The aging of the plant 

then follows a sequence of events that are highly ordered until the 

terminal stages are underway (Woolhouse, 1967). The senescence of leaves 

in many plant species may illustrate this point. Senescence may be 

hastened or retarded to some degree by climatic factors, and the time 

requi red to reach senescence vari es among cul t i vars that have been 

deve loped for different regi ons or croppi ng systems (Brown, 1984). 

Thus, in dense plant canopies, leaves of crop plants may live for shorter 

periods than those in spaced plant canopies. 

In most plants, new leaves are initiated at nodes higher on a 

stem than preceding leaves. This places older leaves lower in the canopy 

and in more shaded environment than younger leaves (Brown, 1984). Since 

younger leaves have higher photosynthesis rates, it is an advantage to 

have older than younger leaves in shaded positions. 

The indeterminate growth habit of cotton plants means that develop

ing fruits are near older leaves. This is in contrast to most grain 

crops where the fruits are near ·the youngest leaves on the plant (Cons

table and Rawson, 1980). Therefore, the aging strategies that have evolved 

in different plant species are varied, and seems more likely that natural 

1 
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sel ect i on based on factors in the habitat, whi ch may often be quite 

subtle, has played a major part in its evolution (Wool house, 1967, 1974). 

Available cotton data have shown that leaf photosynthesis can be 

influenced by many plant factors such as leaf age (Muramoto, Hesketh 

and Elmore, 1967a; Elmore, Hesketh and Muramoto, 1967; Brown, 1973), 

leaf position, sink effects and mutual shading, as well as environmental 

factors such as 1 i ght, temperature, nutri t i on and water avail abil ity 

(Constable and Rawson, 1980). However, there have been no reports in 

the literature on the relationship between petiole nitrate-nitrogen 

concentration and leaf photosynthesis, or on the feasibility of selection 

for some plant physiological characteristics in fruit improvement of 

cotton during sequential events of plant aging in different planting 

densities. Thus, understanding the influence of plant aging on the 

physiological characteristics that can be used as a criteria in cotton 

plant growth and development is desirable to increase the resource-use 

efficiency as the plant ages. 

The primary objectives of this research were: 

1. to determine the effect of leaf age on photosynthetic capacity, 

petiole nitrate-nitrogen concentration and specific leaf weight, 

2. to determine the relationship between plant age and some 

selected plant physiological characteristics, 

3. to evaluate three cotton genotypes for differences in leaf 

photosynthetic rates, specific leaf weight, and petiole nitrate-nitrogen 

concentration and some selected plant physiological characteristics, and 

4. to compare results obtained under high planting density treat

ment with those obtained at the low planting density treatment. 



CHAPTER 2 

LITERATURE REVIEW 

General Description 

Aging is a biological and physiological event, defined as "all 

those changes which occur in time without reference to death as a 

consequence" (Medawar, 1957). Aging processes are encountered in all 

plants at all stages of the life cycle (Woolhouse, 1978), and these 

processes are 'very well controlled in which the sequence of events is 

usually highly ordered until the terminal stages are underway (Wool house, 

1967). The aging of leaves in many plant species illustrate this point. 

Recently, Field and Mooney (1983) suggested that leaf aging in 

nature 1 ogi cally concerns two separate phenomena, the characteri st ics 

of leaves as they age (Chronological aging) and the properties of leaves 

of different ages at a given time (age-structure dynamics). Furthermore, 

they indicated that in complex natural environments, neither chronological 

aging nor the age-structure dynamics provides a complete picture of the 

ecologically relevant aspects of leaf aging. However, age-structure 

dynami cs are useful because they all ow compari sons among 1 eaves of 

different ages under conditions where leaves are in similar environments 

and subject to common resource constraints. 
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Chronological aging on the other hand, is useful for documenting the 

life histories of single leaves and for examining the interface between 

leaf aging and acclimation to seasonal change (Field and Mooney, 1983). 

The cause of aging is generally thought to be mobil ization of 

mineral and organic nutrients to more competitive sinks, such as young 

leaves, fruit, tillers and roots. Contribution from leaves to these 

organs declines progressively with aging (Gardner, Pearch and Mitchell, 

1985). However, Field and Mooney (1983) characterized leaf aging into 

components due to deterioration and components due to the redistribution 

of 1 ight, water and nitrogen, the three resources required for pl ant 

growth. Furthermore, they indicated that the operational definition of 

deterioration is a decline, after the age of full leaf expansion, in 

intrinsic resource-use efficiency, potential photosynthetic carbon gain 

per unit of invested resource. 

Leaf aging is generally characterized by predictable changes in 

photosynthetic capacity, which increases rapidly until near the age of 

full leaf expansion and eventually begins a long decline (Woolhouse, 

1967). The decline in photosynthetic capacity is correlated with 

decreases i n stomatal conductance (Davi s and McCree, 1978), leaf-nitrogen 

concentration (Osman and Milthorpe, 1971), and the activity of several 

photosynthetic enzymes, including ribulose-1,5-bisphosphate carboxylase 

(Friedrich and Huffaker, 1980). Physiological aspects of the leaf aging 

schedule have been shown to be under precise control of the cell nucleus, 

acting in response to environmental, hormonal, and innate signals (Thomas 

and Stoddart, 1980). 
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The number of publications that have reviewed the processes of 

biochemical and morphological changes of sequential aging during 

different stages of plant growth and development are enormous. However, 

the fo 11 owi ng are several of many phys i 01 ogi ca 1 character'j st i cs that 

impart plant and leaf aging and factors that can be considered in a 

crop management programs to increase resource-use efficiency before the 

terminal stages are underway. 

Petiole Nitrate Content 

Almost all higher plants depend on nitrate (N03-) as a source of 

nitrogen (N) which is assimilated for the synthesis of amino acids, 

proteins, nucleoproteins, and other nitrogenous compounds in the plant 

(Naik, 1976). N is highly mobile and younger leaves and developing 

plant organs with strong sink demands, such as fruits and seeds, may 

draw heavily on N in the older or lower leaves (Gardner et al., 1985). 

Therefore, one needs to know how the N03- content of a leaf is controlled 

duri ng growth and senescence to understand the sequent i a 1 events of 

plant aging. 

A wide variation in total leaf N of Brussel sprout (Brevicorvne 

brassicae L.) plants has been noted by Vanemden and Bashford (1969). 

These authors pointed out that these variations were partly the result 

of leaf age (leaf position) and partly the result of different fertilizer 

application to the plants. 

Evidence of decreasing leaf N with increasing leaf age has been 

reported in several crop species, Osman and Milthorpe (1971) for wheat 

(Triticum aestivum L.); Lawn and Brun (1974) for soybean (Glycine max 

(L.) Merr); Friedrich and Huffaker (1980) for barley (Hordeum vulgare 



6 

L), Field (1981); Field and Mooney (1983) for a California chaparral 

shrub (Lepechinia calycina (Benth.) Epl.). 

In corn (Zea mays L.), Edwards and Barker (1976) reported that 

N uptake rates varied with plant age, and were greatest with 18 to 24-

day-old plants and decreased exponentially from 24 to 58-days. Robson 

and Parsons (1978) working with a perennial rye grass (Lolium perenne 

L.) cultivar reported that the mean total N content of leaves (lamina 

and sheath) 5 to 7 on the main stems of plants in high N communities 

rarely fell below 4% percent, whereas that of the low N plants declined 

from 5.2% for the newly emerged leaf 5 to a clearly deficient 1.1% for 

the mature leaf. Furthermore, Barker, Peck and McDonald (1971) observed 

that N03- concentration of spinach (Spinacea oleracea L.) plant tissue 

has been shown to decrease, remain stable or increase in maturing plants 

depending on rate, source, and timing of N application. 

In cotton, Jenkins et al. (1981), reported significant differences 

among upland cottons (Gossypium hirsutum L.) for both N03- and phosphate 

(P04-3) contents; however, they indicated that there was a significant 

variety x week interaction for N03- but not P04-3. Woon (1978) working 

with cotton cultivar 'Deltapine-61' reported that petiole N03- content 

decreased, but stem carbohydrate concentration increased with increase 

in plant age. The carbohydrate content in all plant sections was low 

when plants were young and increased at maturity. He concluded that 

season vari at ion in carbohydrates and N03 -are controll i ng factors in 

vegetative and reproductive phases of growth; high boll set should be 

encouraged at the top plant sections where active photosynthesis occurred; 

more N03- is needed in the early season to produce a good plant structure, 
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and high carbohydrate production is important late in the season for 

efficient boll set. 

Thompson et al. (1976) studied the effects of leaf and fruit N 

contents and N fertilization on plant morphology at soil N levels of 0, 

67, 134 or 201 kg/ha in cotton (~ hirsutum L.) in the field and glass 

house. Their results indicated that during the period from initial 

leaf initiation to 230 to 235 days after emergence, leaf N declined 

fairly steadily at rates that depended on the soil N level and the time 

at which the leaves were initiated. Regression analysis of their data 

indicated that the N concentration dilution was not linear with time. 

Seventy-nine percent of the variation in N concentration could be 

accounted by N application rate and time in growing season. 

Working with two irrigated upland cotton experiments in western 

Australia, Basinski et al. (1975), reported that a maximum N concentration 

was reached 97 days after sowing, after which it declined progressively 

mainly as a result of the shedding of different plant parts. 

Tadahiko and Ohira (1982) examined the relation between leaf age 

and the incorporation of N into the leaf in the 13th leaf blade of the 

rice plant (Oryza sativa L.) after feeding it 15N-labelled ammonium 

sulfate. Their results indicated that the incorporation of N into the 

leaf was active up to the maximum leaf N content; thereafter it decreased 

quickly. Furthermore, they reported that at the beginning of senescence, 

when the N content of the leaf had begun to decrease, the incorporation 

ratio of 15N decreased to 28% of the values during development. 

However, at the mi ddl e stage of senescence, when the N content had 

decreased to half maximum, the incorporation was 13% only. 
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Field and Mooney (1983) in a more recent study on a California 

chaparral shrub observed that leaf N content decreased with increasing 

leaf age. They pointed out that N-use efficiency, the ratio of 

photosynthesis at 1 ight saturation to leaf N content did not change 

wi th 1 eaf age but was lower in the 1 eaves wi th the hi ghest specifi c 

weights. Furthermore, they reported that this ensemble of leaf-age 

effects was consistent with the hypothesis that aging represents resource 

redistribution and not uncontrolled deterioration. Based on these 

findings, they concluded that the advantage of N redistribution with 

leaf age should be greatest in species which commonly position leaves 

in the full range of microsites in canopies with high leaf area indices. 

Photosynthetic Activity 

Studies of many species of flowering plants have demonstrated 

that the rate of photosynthesi s decreases duri ng fol i ar senescence 

(Woolhouse, 1967). Photosynthetic capacity is strongly influenced by 

leaf age (Kim, Lee and Sun, 1977). It increases rapidly until near the 

age of full leaf expansion and eventually begins a long decline 

(Woolhouse,1967). Every leaf has a life history in which it passes 

from net resource importer (low photosynthetic capacity) to net resource 

exporter (high photosynthetic capacity) and sometimes back (Field and 

Mooney, 1983). The long-term gain of any plant is as sensitive to 

variation in leaf life history, as it is to variation in maximum 

photosynthetic capacity (Mooney and Gulmon, 1982). 

Early work by ~uramoto et al. (1967a) indicated that there are 

definite measurable differences in photosynthetic rates among species, 
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varieties and races of cotton (~ hirsutum L.) and (~ barbadense L.), 

and these do have strong implications when one remembers that plant 

growth is logarithmic. They further pointed out that cotton leaves 

seemed to age similarly as leaves of many other species and became 

completely inactive photosynthetically about 35 days after full expansion. 

In darnel (Lolium temulentum L.), Ryle (1972) reported that the 

rate of net photosynthesis of the leaf attained a maximum at the time 

the lamina reached full expansion, and then declined with age. 

Furthermore, Powell and Ryle (1978) observed that main stem leaves in 

full sunlight, with adequate nitrogen, attained a rate of 24 to 28 mg 

C02dm-2h-l (14.5-16.9 u mol C02m-2S-1) at full expansion. They further 

stated that shading the base of the plant had little or no influence on 

the rate of photosynthesis at this stage (full expansion), but as the 

leaf aged and new leaves appeared above it, the rate of photosynthesis 

appeared to decl i ne more rapidly in shaded than in unshaded pl ants. 

This is contrary to what had been reported earlier by Muramoto et al. 

(1967a), where they observed that a preconditioning shade treatment 

seemed to have a definite effect on photosynthetic rates of cotton leaves 

by limiting their response when suddenly placed in bright sunlight. 

In tropical and temperate grass, Wilson (1975) reported that net 

photosynthesis declined progressively in all varieties with time. 

Similarly, the daily photosynthetically active radiation (PAR) in a 

Cal ifornia chaparral shrub was found to be highest in the 

microenvironments of young leaves and decreased in microsites occupied 

by increasingly older leaves (Field, 1981). Hozyo (1981), \'/orking with 
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sweet potato observed that hourly photosynthetic rate in leaf blades 

was high in early growth and decreased with increasing leaf age, decreased 

from 30 to 35 to 20 to 25 mg C02 dm- 2 S-1 (18 to 21 to 12 to 15 u mol 

C02 m2 S-I) as tuberous root growth progressed from in i t i alto fi na 1 

stages. They further stated that stomatal resi stance was lower than 

was mesophyll resistance under all experimental conditions and both 

increased with increasing leaf age. 

The influence of leaf age, total area and its dispersion in space 

on canopy photosynthes is were studi ed by Joggi, Hofer and Nosberger 

(1983) using microswards of red clover (Trifolium pratense L.) in the 

greenhouse. They planted two cultivars, 'Renova' (flowering) and 

'Molstad' (non-flowering) at three plant densities of 225, 400, and 625 

plants/m2. Their results indicated that net photosynthetic rate of 

canopies increased linearly with LA! up to an LA! of 3.5 and then declined 

at higher LA!, independent of cultivar (cv.), and planting density. 

Furthermore, they observed that below the optimum LAI, net photo~ynthesis 

depended mainly on interception of PAR. Decrease in canopy photosynthesis 

above the optimum LA! was due to a higher proportion of old leaves with 

decreased photosynthetic capacity and not to an increase in respiring 

plant parts. They concluded that LAI and position of leaf age categories 

in the canopy are more important than the vertical distribution of leaf 

area in determining canopy photosynthesis of red clover. 

In wheat (~ aestivum L.) cv. 'Kolibri,' Gaballero et al. (1983) 

noted that photosynthetic rate increased with leaf age up to the 

penultimate leaf examined, but increased markedly until there was a 
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decrease just before the appearance of the flag leaf. They also reported 
• 

that net photosynthesis in the flag leaf increased in the period before 

anthes is and duri ng ear emergence; at anthes is, there was a s 1 i ght 

decrease followed by a constant level, followed by an increase at grain 

filling followed by a sharp decline. They also observed that during 

the initial and final stages of plant development, C02 compensation 

points and dark respiration were increased. 

In soybean, Miyaji (1984) reported that the rate of net 

photosynthesis of upper leaves in full daylight tended to decline 

gradually owing to senescence of leaves older than 20 days. Furthermore, 

he observed that net photosynthesi sin shaded lower 1 eaves decl i ned 

sooner than that in upper 1 eaves so that the 1 eaves pers i sted after 

they had lost the ability to produce additional dry matter. Reich (1984), 

working with chamber-grown hybrid poplar (Populus deltoides x ~ 

tri chocarpa) determi ned vari at ions in stomatal di ffusi ve conductance 

(gs), net photosynthetic rate (PN), and water-use efficiency (WUE) under 

differing irradiances (I) and for leaves of various ages. He observed 

relatively typical "rise and fall" aging patterns for PN, WUE, and range 

of gs. He al so noted that optimum age for PN and WUE differed with I 

and apparently resulted in the bimodal aging pattern for gs. Based on 

these findi ngs, he concl uded that the observed rel ationshi ps between 

gs, PN and WUE were consistent with the idea that hybrid poplar stomata 

behave so as to maximize C02 uptake while minimizing water loss. 

In more recent studies, Cock, Porto and El-Sharkawy (1985) examined 

the response of field grown cassava cv. M Col 1684 to changes in relative 
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humidity (RH) under irrigated and unirrigated conditions using a modified 

gas exchange techni que. They reported that 1 eaf photosynt.het i crate 

was markedly decreased with decrease in RH with or without irrigation, 

and that photosynthet i c rate decreased wi th 1 eaf age. Furthermore, 

they noted that photosynthetic saturation radiation was approximately 

1500 and 800 micro mol C02m-2S-1 for young and old leaves, respectively. 

They also indicated that photosynthetic rates for Phaseolus beans, maize, 

Amaranthus ~ (weed) and sugar cane using the modified technique were 

similar to those published previously. Similar findings were reported 

by Monteny, Barbier and Bernas (1985). Working with tall rubber (Hevea 

brasiliensis) plantation in the tropical rain forest of the Ivory Coast, 

and using the energy balance -Bowen ratio method, they noted that 

fl uctuat ions of the canopy photosynthetic capaci ty were dependent on 

soil water availability and leaf age. They also indicated that the 

distribution 'of available energy between latent and sensible heat depended 

on leaf age, the air water vapor pressure deficit and the soil water 

ava il abil ity. 

Williams (1985) measured net C02 assimilation rate (PN), stomatal 

(gs) and intercellular (gm) conductances, dark respiration (RD) and 

intercellular C02 concentration (C1) of the distal portion of maize 

leaves after flowering. They found that the maximum value of PN in 

their study, approximately 30 u mol C02m-2S-1, was measured on the first 

leaf subtending the male reproductive structure. They also found that 

decrease in PN from the top leaf to leaf positions lower on the plant 
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was also accompanied by decreases in gm and gs; Ci increased from 75 to 

240 cm3/m3 C02 with descending leaf position. PN and Ci were more highly 

correlated with gm than 9S. Their results did not support the concept 

that gs predominates in regulating PN during the aging process in leaves 

of C4 plants. However, their data suggested that an increase in Ci 

with leaf age may be a common developmental feature of C4 plants. 

Electron transport during light reactions of photosynthesis leads 

to the formation of adenosine tri phosphate (ATP) and reduced nicotinamide 

diphosphate (NADPH) required for the enzymic reactions. The proton and 

ion movement associated with electron flow create optimal conditions in 

the stroma for the activation and catalytic activity of enzymes such as 

ribulose bisphosphate (Jensen and Bahr, 1977). Jenkins and Wool house 

(1981) found that preparations from young, fully expanded leaves of 

Phaseo1us vulgaris L. gave good rates of electron transport, but the 

rates obtained decreased by approximately 80% during leaf senescence. 

They also reported no evidence for inactivation of chloroplasts from 

01 der 1 eaves duri ng i sol at i on or assay. Furthermore, they suggested 

that the decrease in rate of electron transport over the period of 

senescence, and its increase duri ng regreeni ng, were consequences of 

changes in the composition and physical properties of thy1akoid membrane 

which occur in vivo. Based on these findings, they concluded that the 

decrease in rate of non-cyclic electron transport may be important in 

limiting the rate of photosynthesis in the senescing leaves. 

Photosynthetic Capacity and Nitrate Content 

The recycling of N in the foliage is economically related to 

natural rates of photosynthesis. Perennial leaf duration, high 
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reabsorption of nutrients before leaf fall, and high rates of 

photosynthesis all contribute to maximum use of an acquired unit of N 

before it is returned to the environment (Small, 1972). 

Sunl ight and photosynthetic reactions influence nitrate 

assimilation in a number of ways. First, the induction of nitrate 

reductase (NR) enzyme i tse 1 f is dependent on 1 i ght. Secondl y, the 

reducing power required for the activity of this enzyme is generated by 

the light reaction of photosynthesis. Finally, NR present in the tissues 

is activated by NAD(P)H generated in the photosynthetic reaction and 

the effect of the inactivating enzyme is also reversed by NADH (Naik, 

1976). Therefore, photosynthetic reactions are intimately linked with 

the reactions of N03- assimilation in green plants since the reducing 

power generated in the 1 i ght react i on of photosynthes is is used for 

assimilation of carbon dioxide (C02)' sulphate (S04=) and N03-(Beevers 

and Hageman, 1972). 

For a wide variety of plants, leaf N content and photosynthetic 

capacity are highly correlated (Takeda and Kumura, 1957; Ishizuka and 

Tanaka, 1958; Murata and Osada, 1959, cited by Tadahiko and Ohira, 1982; 

Mooney, Ferrar and Slatyer, 1978; Bolton and Brown, 1980; Field and 

Mooney, 1983). This correlation appears to be a consequence of the 

limitations on photosynthetic enzymes, especially the primary 

carboxylating enzyme (Wong, 1979; Friedrich and Huffaker, 1980) and of 

the parallel between levels of leaf N and levels of photosynthetic 

enzymes. Based on these findings, Tadahiko and Ohira (1982) suggested 

that leaf N content was closely related to productivity, especially 
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duri ng the reproduct i ve growth peri od. The same fi nd i ngs were also 

reported by Richard (1980) in cotton (~ hirsutum L.) where he suggested 

a direct relationship between N content in the petiole of the terminal 

leaf and the yield of cotton. 

Thompson et ale (1976) have studied N concentration of cotton 

leaves, buds, and bolls in relation to age and N fertilization and found 

that photosynthetic activity on a leaf area basis under normal atmospheric 

C02 concentration and saturated light intensity was intimately related 

to the amount of N available. Based on these findings, they suggested 

that a balance between N utilization and photosynthetic supply which 

provides sufficient plant structure to produce the maximum amount of 

fruit is desirable. 

Some of the answers related to canopy photosynthesis appear to 

be provided by Kishitani, Takano and Tsunoda (1972), who reported that 

the relationship between N content per unit leaf area, foliage - N per 

unit ground area, and canopy photosynthesis in rice plants (~ sativa 

L.) was similar to that observed between leaf inclination, leaf area 

index and canopy photosynthesis. 

Some contradictory results have been reported by Yoshida and 

Coronel (1976). Working with rice, these authors observed that with 

the same level of leaf N, the first fully expanded leaves had higher 

photosynthetic -rates than the third fully expanded leaves, suggesting 

that leaf age affected the photosynthetic rate through factor(s) othe~ 

than the N content of the leaf. Nevertheless, they found a highly 

significant correlation between the photosynthetic rate and N content 
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for the combined sample of the first and third fully expanded leaves. 

They further stated that since stomatal resistance is the first critical 

step of C02 in the photosynthetic process of single leaves, this 

relationship may be interpreted as evidence of the effect of N on leaf 

photosynthesis via stomatal control. They concluded that photosynthetic 

rate, N content on leaf area basis, leaf resistance, and specific leaf 

weight correlated with each other at the 1% significance level. 

Enzymatic Activity 

One of the main events by which aging in leaves is generally 

recognized, is the reduction in activity of the photosynthetic enzymes, 

especially the primary carboxylating enzymes (Wong, 1979). Because of 

the intimate relationship between photosynthetic capacity and leaf N 

content, there is also a parallel between the levels of leaf N and levels 

of photosynthetic enzymes (Field and Mooney, 1983). 

Woolhouse (1968) cited by Jenkins and Wool house (1981), found 

that in labiate (Perilla frutescens (L.) Britt.), the decline in rate 

of photosynthesis was correlated most strongly with an increase in 

res i dua 1 (mesophyll) res i stance to C02 uptake. They suggested that a 

reduction in the capacity to perform the enzymic reactions of C02 fixation 

was more important than stomatal closure in limiting the rate of 

photosynthesis. Other workers have drawn similar conclusions (Woledge, 

1972; Hodgkinson, 1974). In support of this hypothesis, it has been 

shown that the enzyme ribulose 1,5-bisphosphate carboxylase (RuBP Case) 

was broken down in the leaves of labiate (Kannangora and Wool house, 

1968) and other species during leaf senescence (Kawashima and Mitake, 
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1969; Callow, 1974; Hall, Keys, 'and Merrett, 1978; Peoples and Dalling, 

1978). Moreover, Batt and Woolhouse (1975) demonstrated that the activity 

of the enzymes of the reductive pentose phosphate pathway declined in 

the senescing leaves of labiate. 

In cotton, Bilal and Rains (1973) indicated that NR activity in 

cotton leaves was highest in recently matured leaves at the top of the 

plant, and was enhanced by light and N03-. Furthermore, these authors 

have concluded that NR activity was more strongly correlated with N03-

levels in the culture solution than with N03- levels in the tissue. 

Fair, Tew and Cresswell (1972) studied photosynthesis, photo

respiration, and N03- assimilation in barley and reported that the C02 

compensation point was found to vary with age under constant environmental 

conditions. They further reported that the activities of RuBP Case, 

glycolate oxidase, and NR were found to increase with ascending leaf 

position. They also found that the overall level of glycolate oxidase 

and NR activity dropped steadily as leaf aged. Based on these findings, 

they concluded that NR activity appeared to be closely coupled with 

photorespiration in barley plants supplied with N03- as sole source 

of nitrogen, and that the use of these enzyme activities were considered 

as possible indicators of C02 fixation, and output (photorespiration) 

during photosynthesis. 

Shrader et al. (1974) working with corn (Zea mays L.), oats (Avena 

sativa L.), and tobacco (Nicotiana tabacum L.) reported that NR activity 

(per gram fresh weight) has declined as leaves of these plant species 

became older, especially when extraction was affected with con-ventional 
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media (that is without added protein). They further reported that the 

instability of NR in these extracts increased as leaves became older. 

They concluded that decay of NR in vitro was exponential with time, and 

that gl ucose, 6-phosphate dehydrogenase act i vi ty also decl i ned as 1 eaf 

blades of corn and oats became older. 

Pokhriyal et al. (1980) examined wheat (L.. aestivum L.) leaf 

blades for their N03- content and N03- assimilatory activity at various 

stages of growth and development. Soil N03- level at 50 cm depth was 

also determined throughout the wheat growing season in terms of concen

tration (microgram/milliliter - ug/ml) and total amount (kilogram/hec

tare - kg/ha). They observed highly significant correlation between NR 

activity and N03- content in the leaf blades, NR activity and soil 

N03-, and between N03- and leaf blade N03-. Based on these findings, they 

suggested that a program of soil fertilizer application whereby all the 

leaf blades can utilize the N03- optimally, should be considered thus 

resulting in greater N harvest. 

The incorporation of 15N into soluble proteins was examined by 

gel filtration on Sephadex G-200 by Tadahiko and Ohira (1982). They 

observed that during development, large amounts of 15N were incor- porated 

into the RuBP Case ri ch fract ion. However, as the 1 ea f aged, the 

incorporation of 15N into this fraction decreased more sharply than it 

did in other fractions. They concluded that the amounts and kinds of 

protein synthesized in a leaf are closely related to leaf age. 

In a more recent study, Winter et al. (1982) reported that the 

activity of RuBP Case in leaf extracts of the constitutive crassulacean 
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acid metabol ism (CAM) pl ant (Kal anchoe pinnata Lam.) Pers. decreased 

with increasing leaf age, whereas the activity of phosphoenol pyruvate 

carboxyl ase (PEP Case) increased. Furthermore, they poi nted out that 

young developing leaves of plants which received high amounts of N03-

during growth contained about 30% of the total soluble protein in the 

form of RuBP Case; this value declined to about 17% in mature leaves. 

However, the level of PEP Case in young leaves of plants at high N03-

was an estimated 1% of the total soluble protein and increased to 

approximately 10% in mature leaves, which showed maximum capacity for 

dark C02 fixation. They concluded that th.e growth of plants at low 

levels of N03- decreased the content of soluble protein per unit leaf 

area as well as the extractable activity and the percentage contri

bution of both RuBP Case and PEP Case activity with a varying supply of 

N03- during growth. 

Working with rice genotypes, Devendra, Kumar, and Sastry (1980), 

observed a significant positive correlation between the RuBP Case activity 

and photosynthetic efficiency. Secor and Shibles (1980) reported similar 

results and pointed out the importance of RuBP Case activity and 

chlorophyll content in relation to photosynthetic efficiency in soybean 

plants. 

Dry Matter Production 

The total amount of dry matter (DM) accumul ated by the pl ant 

during its lifetime is a function of its photosynthetic and respiratory 

activity (Brown, 1984). Dry weight for total plant and vegetative parts 

in cotton follows a sigmoid growth curve; increase in plant height is 
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followed by an increase in reproductive dry weight at early stages of 

growth and development (Woon, 1978). When pl ant ages, the number of 

fruiting points drops dramatically, indicating a higher shedding rate 

in late season as a consequence of leaf senescence due to the limitations 

on photosynthetic enzymes. The economic yield of OM will depend on· how 

the products of photosynthesis are distributed within the plant before 

sequential aging (Tollervey, 1970). 

Photosynthes is, respi rat i on and OM accumul at i on and 

growth/productivity could be expressed as a function of leaf area index 

(Hodges and Kanemasu, 1977; Aase, 1978). Gardner et al. (1985) pointed 

out that the accumulation of OM of plants during the seeding and up to 

late season stages may depend on the expansion of new leaves. Moreover, 

they stated that it would be advantageous for a pl ant to put a 1 arge 

proportion of its photosynthetic products into leaf production during 

early growth to grow at a faster rate before the senescing process takes 

place. 

The total OM accumulation late in the growth cycle of the plant 

may differ drastically from the pattern of leaf area and weight accumu

lation (Brown, 1984). This author had also stated that leaf weight and 

area peak for a period of time, depending on crop species and then 

decl ine. This decl ine in amount of leaf is due to the death and 

abscission of leaves at faster rates than new leaves are formed. However, 

differences in rate of leaf area development were measurable and 

associated with differences in rates of OM production among cotton and 

other species (Muramoto, Hesketh, and El-Sharkawy, 1965). Similar results 
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were reported by Janardhan and Murty (1978), where they noted that grain 

yield and OM accumulation during the ripening period of rice were not 

related to photosynthesis at flowering, whereas leaf area index was: 

Leaf Area and Leaf Area Index 

Rapid production and expansion of leaves are highly important in 

crop production in order to maximize light interception and assimila

tion (Gardner et al., 1985). Furthermore, leaf area can be used as an 

index of crop growth and it relates to phys i 01 ogi ca 1 and economi c 

characters such as OM accumulation, metabolism, yield and quality of 

fruits (Lal and Rao, 1950). Leaf area of plant is the seat of photo

synthetic activity and ultimately affect the OM accumulation (Shrotriya 

and Misra, 1977). 

Leaf area index (LAI) is the ratio of leaf area (one side of 

leaf only) to soil area it occupies. The rate of increase of leaf area 

is important, because it determines the rate of increase in the photo

synthet i c capac ity of the plant (Brown, 1984). Moreover, LAI can be 

cons i dered as an important parameter in comparat i ve experi ments (La 1 

and Rao, 1950), and has also been used to measure 1 i ght intercept ion 

(Shib1es and Weber, 1965)0 

There are numerous reports in the 1 iterature i ndi cat i ng the 

intimate relationship between leaf area development and OM accumulation, 

metabolism, yield and quality of fruits. However, leaf number and LA! 

peak and then remain quite constant until general senescence begins. 

The equi 1 i bri urn in LAI results from loss of lower 1 eaves at a rate 

equaling the production of new (upper) leaves (Gardner et al., 1985). 
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In soybean, Shibles and Weber (1965) noted that solar radiation 

interception and rate of OM production increased with increasing leaf 

area development, t'eached a maximum, and remained constant with increasing 

LAI as plant ages. Rate of OM production was linearly related to 

radiation interception. Wolf, Carson, and Brown (1972) reported similar 

results and pointed out the importance of this unit of measure (i.e., 

LA!) in relation to interception of light for maximum growth. 

In alfalfa (Medicago sativa L.), Joy, Poole and Oobrenz (1972) 

observed that LA! showed a positive relationship to forage yield at 

individual cuttings. They also found that LA! did not appear to have 

practical application for predicting seasonal production. However, 

they concluded that the harvests with the highest dry weight production 

had the highest LA!. Kliewer and Ough (1970) indicated that in grapes 

(Vitis vinifera L.), a significant correlation was obtained between 

leaf area per vine and level of arginine in the juice. They also reported 

that the concentration of proline in the juice was highly correlated 

with fruit maturity and with leaf area per unit weight of fruit, and 

that total nitrogen was also correlated with leaf area per unit of weight 

of fruit. 

In rice, Palaniswamy (1975) reported that the mean number of 

leaves and LA! increased with number of days after transplanting and 

attained its maximum value between flowering and grain development stages, 

and then decreased. They concluded that this was due to the reproductive 

activities of the plant, namely grain filling, which mobilized plant 

nutrients thus imposing senescence. 
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Significant variation in LAI of different genotypes in dwarf 

wheat (~ aestivum L.) has been reported by Puckridge (1973). However, 

he observed that the average grain yield obtained from the three varieties 

was more or less in line with average LAI at flowering stage. Working 

with wheat also, Shrotriya and Misra (1977) reported similar results, 

and indicated that the significant variation in LAI values due to 

varieties was possible because of differential characteristics of number 

of leaves, size of leaf and rapid death of lower leaves. In rice, 

Iruthayaraz and Morachan (1980) observed a seasonal variation, and noted 

that LAI increased steadily in summer season up to flowering stage and 

then declined. Furthermore, they found that in monsoon season, the LAI 

increased up to panicle initiation stage only with reduction thereafter. 

They concluded that this might be the possible reason for obtaining a 

lower yield in monsoon than in summer season. 

Pl ant Density 

Efficient interception of radiant energy incident to the crop 

surface requi res adequate 1 eaf area, uniformly di stri buted to gi ve 

complete ground cover. This is achievable by manipulating stand density 

and its distribution over the land surface (Gardner et al., 1985). 

Moreover, i ncreas i ng plant dens i ty by reduc i ng row spac i ng, is one of 

the most promising ways of increasing the yield per unit area by non

monetary inputs in most crops (Yadav, 1981). However, selections of 

the most su itab 1 e stand dens ity must be based on several plant' and 

environmental factors (Gardner et al., 1985). 

The effect of plant density on leaf area development, OM 

accumulation, yield and other physiological characteristics for different 
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crop species has been reported in the literature. In rice, Kwon et al. 

(1971) noted that leaf area was increased at early stages of growth in 

plots with high density planting. They also indicated that where planting 

density was highest, the photosynthetic activity per unit leaf area was 

lowest. The same findings were reported in sorghum by McCree and Keener 

(1974). 

Working with normal and okra-leaf forms of cotton cultivar 'Coker 

201' (~ hirsutum L.), and using two plant densities, 21,780 and 65,338 

plants/hectare, and with application of 100, 134, or 168 kg N/ha, and 

with or without irrigation, Rao and Weaver (1976) observed no significant 

interaction between leaf characteristics, plant density, N rates or 

irrigation. Furthermore, Ryhiner and Matsuda (1978) reported that 

lowering the sowing density in wheat at limited water supply will give 

a more favorable grain/straw ratio. Ibragimov (1980) examined the effect 

of two plant spacings (60 x 22.5 or 90 x 15 cm) and two fertilizer levels 

(175 kg N + 125 kg phosphorus pentoxide (P205) + 60 kg potassium oxide 

(K20) or 250 kg N + 175 kg P205 + 85 kg K20/ha on cotton (~ hirsutum 

L.). He found that higher N rates had slightly decreased the 

photosynthetic activity at the first true leaf stage, but this adverse 

effect was eliminated at the later stages when the photosynthetic activity 

was higher in wider rows and with higher N rates than in narrow rows 

and lower N rates. Gagro (1977), working with maize hybrids concluded 

that increased plant population increased LAI considerably, so that the 

effect of N is less expressive in higher plant populations. 

The effect of plant spacings and four levels of N fertilization 

on LAI was investigated by Shanmugasundam and Sankaran (1978). Working 
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with hybrid cotton at two plant spacings 75 x 60 or 90 x 60 cm and four 

N fertilizer rates, 0, 40, 80 and 120 kg N/ha, they reported that LAI 

at 40 days after sowing (OAS) were not affected by N, but N significantly 

increased it at 105 DAS; there was no significant differences between 

the four N rates. Based on these findings, they concluded that LAI was 

higher in crops spaced at 75 x 60 cm in single rows than at 90 x 60 cm 

spacings at 105 DAS; the difference between spacings was not significant 

during earlier growth stages. Similar results were reported by Nosberger 

(1974), where he noted that i ncreasi ng row di stance from 15 to 25 cm 

has diminished the LAI by 25% in Dactylis glomerata. 

The influence of spacing (15 and 30 cm), row distance (20, 30 

and 40 cm), N levels (0, 20, 40 and 60 kg/hal, and season on leaf area, 

weight and yield of Sesamum indicum L. was investigated by Arunachalam 

(1981). He noted that LAI values were halved when row distance was 

raised from 20 to 40 cm; the increase in LAI was at a faster rate under 

wider spacing and narrow spacing in summer (2.4 vs. 2.93). In rainfed 

culture, the impact was of a much higher order (1. 68 vs. 2.19). 

Furthermore, he indicated that wider spacing tended to reduce the 

production of leaves but increased leaf weight. He concluded that the 

beneficial effects of 'high' row distance and 'wide' spacing were 

annulled by N supplements. Therefore, the higher the dosage, the greater 

the depression in seed yield. This mechanism operating through an 

increase of leaf area to an undesirable degree entailing shading effect. 

The effect of plant density on photosynthetic activity has been 

studied in several plant species. Wu (1982) examined the effect of 

plant density on photosynthetic traits in 100 genotypes of maize. He 
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reported that it was possible to select material with high photosynthetic 

capacity and tolerance of shade for high density planting. In grapevine, 

Nikov (1979) noted that in low-trained vines (high density), shoot vigor 

and leaf surface were greater whereas in high-trained vines (low density), 

better illumination led to a greater production of sugar. However, he 

concluded that there were no differences in photosynthetic capacity 

between the high- and low-trained vines. In the high-trained vines, 

much of the OM was directed towards the fruit, whereas in the low-trained 

vines, photosynthates were evenly distributed. 

In broad bean (Vi ci a faba L.), Tamaki, atoi and Naka (1977) 

observed that the photosynthetic rate increased in the upper and decreased 

in the lower parts of the plants. This was more pronounced with 

increasing plant density. Furthermore, they indicated that respiration 

at night increased in the lower leaves, especially in closely spaced 

plants. Contradictory results were reported by Stanev (1975), where he 

found that in sunflower (Helianthus annus L.) dense plantings, 

applications of up to 90 kg/ha of NP and K delayed leaf aging, prolonged 

the peri od of act i ve photosynthes is and increased the opt i mum val ues 

for leaf area and photosynthetic potential, and resulted in increased 

yields. However, Unguryan (1975), working with apple (Malus domestica 

L.) trees supported these findings and reported that the reduction in 

tree weight caused by high-density planting was offset by the beneficial 

effects of fert il i zers . Furthermore, Tomasyan (l971) , observed that 

fert i 1 i zers increased photosynthet i c potent i a 1 of the spri ng barl ey 

crop more than did crop density. Therefore, he concluded that increased 

crop densities and leaf area resulted in lower intensities of 
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photosynthesis, although the photosynthetic potentials of the crop was 

higher than at low crop densities. 

In a more recent study, Carberry, Campbell and Bidinger (1985) 

reported contradi ctory results in pearl mill et (Penni setum americanum 

L.). They noted that dry weight accumulation in the main axis was 

unaffected, but that in the till ers was reduced by i ncreas i ng plant 

population. Subsequently, the increased plant population resulted in 

reductions of 77% in total weight per plant, 66% in leaf area per plant 

and 59% in tiller number per plant at 50% anthesis. Furthermore, they 

observed that as population increased, the development of tillers 

terminated earlier in the growth of the plant, resulting in a reduced 

tiller survival rate and therefore reduced productive head numbers per 

plant. They concluded that grain yield per plant declined due to the 

reduced head numbers per plant, and that seed size remained 1 arge 1 y 

unchanged. 

Leaf Area Ratio 

Leaf area ratio (LAR) expresses the ratio between the area of 

leaf lamina or photosynthesizing tissue and the total respiring plant 

tissue or total plant biomass (Gardner et al., 1985). Studies of LAR 

on crop species have been carried out for different purposes. First, 

LAR reflects the leafiness of a plant. Secondly, crop species with a 

high LAR may have higher relative growth rate (RGR) and a strong 

competitive position, especially during the juvenile stage (Jarvis and 

Jarvis, 1964). Finally, LAR of a given plant is intimately related to 

net assimilation rate (NAR) which is a rough estimate of photosynthetic 

rate. 
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Evi dence of decreas i ng LAR wi th i ncreas i ng plant age has been 

reported for several plant species. In maize (Zea mays L.), Lopes and 

Maestri (1973) noted that net assimil ation rate (NAR), RGR and LAR 

decreased as a curvilinear function of plant age. Working with rape 

plants, Bhat, Nye and Brereton (1979) observed that with increasing N 

concentration in the tissue, RGR and LAR increased and leaf NAR decreased 

slightly. However, values of all three growth parameters decreased 

with plant age. This agreed with the findings of Nilwik (1981) for 

sweet pepper (Capsicum annum L.), and Scott et al. (1983); Clawson, 

Specht and Blad (1986) for soybean. 

The relationship between LAR and other physiological parameters 

al so has been reported in the 1 iterature. Janardhan and Murty (1978) 

studied the association of photosynthetic efficiency with various growth 

parameters and yield in eight rice cultivars. They observed that crop 

growth -rate (CGR), RGR, NAR and LAI were positively correlated and LAR 

was negatively correlated with the photosynthetic rate. In young wheat 

plants, Neales and Nicholls (1978) reported that increasing C02 levels 

reduced the LAR and increased the speci fi c 1 eaf wei ght. Furthermore, 

Hashi-zume and Nishimura (1976) evaluated the effect of shading on the 

early growth of three warm season grass species, Panicum maximum, Setaria 

anceps, and Paspalum dilatatum. They found that compensation for reduced 

NAR in shade appeared to be due in f. maximum to increased LAR and in 

h anceps to increased leaf OM relative to whole plant OM. Similar 

results were reported by Whale and Heilmeier (1985), where they found 

that shade plants of the biennial Arctium tomentosum had higher values 

of LAR. Moreover, Wilhelm (1977), working with four tall fescue genotypes 
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(Festuca arundinacea Schreb.), reported that LAR of low yielding tall 

fescue genotypes was greater than that of high yield tall fescue genotypes 

due to greater carbohydrate reserves which enabled rapid initiation of 

leaf growth, more rapid leaf area development and more favorable 

distribution of OM assimilated during the regrowth period. 

The specific day length effects of leaf growth and OM production 

in high-latitude timothy grasses (Phleum pratense L.) were evaluated by 

Heide, Kay and Baugerod (1985). They noted that photoperiodic stimulation 

of RGR was caused principally by increases in the leafiness of the plant 

(i.e. LAR) rather than any effect on net photosynthesis. They concluded 

that the observed increases in LAR were not caused by changes in the 

partitioning of assimilate (leaf weight ratio) but by increases in 

specific leaf area associated with the increased succulence of plant 

tissues developing under continuous illumination. 

Specific Leaf Weight (SLW) 

SLW, the weight per unit area of the leaf, is a gross morphological 

and stable physiological character which had been suggested as a selection 

criterion for evaluating crop yield potential (Oornhoff and Shibles, 

1970). 

Vari at ion in SLW as affected by 1 eaf pos it ion in the canopy, 

season, and light environment was investigated by several researchers. 

Lugg and Sinclair (1979) noted an increase in SLW from flowering to 

after mid pod fill, and then a sharp decline in soybean. They also 

found a linear relationship between the mean SLW at each sampling date 

and the radiation received in the week before full-bloom, and a maximum 

SLW was significantly affected by season. In apple trees (Malus domestica 
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Borkh.), Marini and Barden (1982) reported that reduced light penetration 

the year following summer pruning resulted in lower SLW of interior 

1 eaves as compared to i nteri or 1 eaves on dormant pruned trees. They 

further indicated that the delayed decline in SLW might have been due 

to improved light conditions and/or delayed leaf senescence. The same 

findings were reported by Porpiglia and Barden (1980) where they found 

that SLW in apple trees was influenced by the previous light environment 

as peripheral canopy leaves had higher SLW's than interior leaves. 

Furthermore, Kappel and Flore (1983) noted that shading caused a more 

horizontal leaf orientation and lower SLW in young peach trees, Prunus 

persica (L.) Batsch. 

Effects of altitudinal gradient on SLW have been investigated 

recently by Ledig and Korbobo (1983). They reported that photosynthesis 

was highest and SLW was lowest in progeny from high-altitude populations 

of sugar maple (Acer saccharum) trees. However, photosynthesis tended 

toward a minimum and SLW to a maximum at mid-elevations. 

The root stock effects on SLW of apple 1 eaves was stud i ed by 

Barden and Ferree (1979). They reported that rootstock effects on SLW 

were sl ight in one experiment, and absent in another. Furthermore, 

they noted that there was no i nfl uence of rootstock on shoot growth, 

leaf number, transpiration rate or dark respiration. Nelson and Michael 

(1982) investigated the differences in photosynthesis, leaf conductance, 

and SLW in long and short shoots of a hybrid clone, (Populus balsamifera 

x £..:.. tri st is) . They concl uded that long shoot photosynthetic rates 

were higher than for short shoot rates, and that long shoot leaves also 

had higher SLW's than short shoot leaves. However, differences in abaxial 
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1 eaf conductance between long and short shoots were small and not 

significant. 

Perhaps, the most important aspect that has been studied by many 

investigators is the relationship between leaf area, leaf weight, and 

1 eaf photosynthet i crates i n several 1 egumi nous crops. Pearce et a 1 . 

(1969); Delaney and Dobrenz (1974) found that there was a significantly 

pos it i ve corre 1 at i on between SLW and photosynthetic rates in 1 ucerne 

(~ sativa L.). Similar results were reported by Bowes, Ogren and Hageman 

(1972); Ojima (1974); Dornhoff and Shibles (1970) for soybeans, and 

Peet et a 1. (1977) for dry beans. However, these observat ions mi ght 

not be generalized for other crops. For example, in cotton, Karami and 

Weaver (1980) found that there was no significant correlation between 

SLW and photosynthetic rates, leaf shape, or leaf color. On the other 

hand, Ledig and Korbobo (1983) working with sugar maple reported similar 

results and found that there was no relationship between photosynthesis 

on a leaf area basis and SLW. This agreed with the findings of 

Trachtenberg and McCloud (1976) who confirmed the lack of correlation 

between SLW and photosynthesis in peanut (Arachis hvpogea L.). 

Another aspect that has been investigated was the relationship 

between SLW and yield in some crop speciGs like alfalfa (Song and Walton, 

1975; Hart et al., 1978; Volence, 1985), mungbean, Vigna radiata (L.) 

Wilczek .. (Kuo et al., 1980), and rice (Luo, 1979). However, selection 

for high SLW has not been effective in increasing herbage yield of alfalfa 

(Hart et al., 1978), or rice grain yield (Luo, 1979). Furthermore, 

caution was suggested if using SLW to select indirectly for high 
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photosynthetic rates because it may produce thicker leaves rather than 

improving lint production in cotton (Landivar, Baker and Jenkins, 1983). 

At this time, there is no reported evidence of successful use of 

this leaf character in breeding for higher photosynthetic rates or higher 

yields in crop plants. 



CHAPTER 3 

MATERIALS AND METHODS 

Location and Experimental Procedure 

Two field experiments were carried out during the summer of 1984 

and 1985 at the West Campus Agri cultura 1 Center, Tucson, Ari zona to 

study the effect of plant age on some physiological characteristics of 

three cotton genotypes at two planting densities. The genotypes, 'Pima 

S-6,' 'Cluster Selection' (Gossypium barbadense L.), and 'Deltapine 90' 

(DPL-90) (~hirsutum L.) were grown under irrigation during both growing 

seasons. The 'Pima S-6' and 'DPL-90' genotypes are common commercial 

cotton cultivars grown in Arizona and possess sympodia that can be 

characterized as long and multi noded and bear one mature fruiting form 

per node. The Cluster Selection genotype, is a deviant ~ barbadense 

L. type with sympodia reduced to one internode which is sometimes referred 

to as tip cl usteri ng and represents the short branch type of cl uster 

character controlled by the gene C12 (Coffey and Davis, 1985). It was 

imported from the U.S~S.R. and selections were made from the original 

stock by Dr. H. Muramoto, Associate Professor of Plant Sciences, 

University of Arizona. 

The soil of this location is a member of Gila series which consist 

of well-drained soils that have a subsoil of loam and very fine sandy 

loam. These soils formed a mixed material laid by water and alluvial 

fans, a Typic Torrifluvent alluvial (USDA, 1972). 

33 
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Planting date in 1984 was 13 April, and in 1985, 12 April in 

moist soil which had been pre-irrigated to field capacity. Planting 

was accomplished with a precision planter at 5 cm (2 in) depth. Planting 

was overseeded except for the Cl uster Select ion, where plant i ng was 

restricted to the number of seeds available. 

The experiment was conducted according to a split plot design 

with a randomized complete block arrangement of the whole-plot factor 

genotypes. There were four blocks (Fig. 1). The sub-plot factor was 

planting density. Sub-plots were planted in a four row, 15 meters (50 

feet) in length, and 102 cm apart. 

Plots were thinned 42 and 44 days after emergence in 1984 and 

1985, respectively, to approxi mate 1 y four and 10 plants per meter to 

assure populations of 16,800 and 50,400 plants per hectare, respectively. 

Beyond this stage, irrigation was originally planned so that plots would 

recei ve enough water to prevent any stress. Therefore, amount of 

irrigation water applied and scheduling was the same as those used for 

conventional irrigated cotton on this farm. 

The experimental area was treated with pre-emergence herbicides 

Treflan (~,~,~,-trifluoro-2, 6-dinitro-N,N-dipropoyl-£-toluidine) and 

Caparol [2,4-bis(isopropylamino)-6-(methyl thio)-S-triazine] applied at 

the rate of 0.5 and 1.3 kg active ingredient/ha, respectively, in both 

years. Some additional hand-weeding was carried out in both years to 

eliminate weeds not controlled by the herbicides. Nitrogen fertilizer 

was applied preplant at the rate of 168 kg of N/ha (150 lbs. of N/acre). 
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The central two rows of the sub-plots where plants showed 

uniformity and were considered representative of the treatment were 

used for tagging leaves and growth analysis measurements of different 

plant parts. The adjacent rows and 0.5 m of the end of each test row 

were used as a buffer. 

Tagging Methods and Dates 

Before apparent photosynthesi s measurements to investigate the 

effect of leaf age on C02 uptake, colored kwik-lok labels were attached 

to the petioles of the first fully expanded leaves at weekly intervals 

21 June, to 2 August 1984 and from 22 June, to 3 August 1985, a total 

of 7 weeks in each season. Seven main stem leaves were tagged on each 

_of 20 plants in each sub-plot in each replication in 1984 and 1985 (Table 

1). Apparent photosynthesis rate was carried out after the last day of 

tagging. 

Sample Harvest and Preparation 

To investigate the effect of plant age on physiological 

characteristics, measurements were made at 10 day intervals 77, 87, 97, 

107, and 117 days after planting (DAP) , 29 June to 8 August in 1984, and 

77, 87, 97, 107, and 117 (DAP) , 28 June to 7 August in 1985, a total of 

5 sampling dates in each season as presented in Table 2. These 

measurements included Total Dry Weight (TOW), Fruit Dry Weight (FDW), 

Fruiting Index (FI), Leaf Area (LA), Leaf Area Index (LAI), Leaf Area 

Ratio (LAR) , Specific Leaf Weight (SLW), and Petiole Nitrate-Nitrogen 

(Petiole N03-N) concentration· On each sampling date, three plants per 

sub-plot which have been selected and marked with stakes 1 day before 
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Table 1. Tagging dates for apparent photosynthesis in 1984 and 1985. 

Days After 
Treatment Kwi k-l ok Label Leaf Age Sampled Planting(DAP) 

color (days) 1984 1985 1984 1985 

1 Orange 1 21 June 22 June 69 71 
2 Bl ue 8 28 June 29 June 76 78 
3 Pink 15 5 July 6 July 83 85 
4 White 22 12 July 13 July 90 92 
5 Gray 29 19 July 20 July 97 99 
6 Green 36 26 July 27 July 104 106 
7 Yellow 43 2 August 3 August 111 113 

Table 2. Sampling dates for plant physiological characteristics' 
measurem'ents in 1984 and 1985. 

Sampling Date Sampled Days After Planting 
1984 1985 (DAP) 

1 29 June 28 June 77 77 
2 9 July 8 July 87 87 
3 19 July 18 July 97 97 
4 29 July 28 July 107 107 
5 8 August 7 August 117 117 
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sampling, were cut at the soil surface and transported immediately in 

cloth to the seed house. Leaves, pet i 01 es, stems, and fru it were 

separated from each pl ant and put in separate paper bags. They were 

dried in an oven with forced air at 650C until they maintained a constant 

weight. 

The 1 eaves used for 1 eaf area measurements i ncl uded two sub-

sampled leaves on the top of each of the three plants, starting at the 

first fully expanded leaf basipetally. Sub-sampled leaves were placed 

in an ice box and later transported to the laboratory. Leaf blades were 

then separated from the petioles. A LI-3100 (LI-COR, Inc. Lincoln, NE) 

area meter was used to measure the leaves' area for the three plants in 

cm2. The separated petioles were dried and reserved for petiole 

)N03-~Y concentration analysis. 

Apparent Photosynthesis Rates Measurements 

Apparent photosynthesis rate, (APS in u mole C02 m- 2S- 1) for each 

of the 14 tagged leaves of different ages on the two randomly selected 

plants in each subplot was determined immediately after the last day of 

tagging. Fourteen measurements were made in each subplot in 1984 on 3 

to 6 August, 1000 to 1200 hours, 4 to 6 August in 1985, 1000 to 1200 

hours. All plants were exposed to full sun light before and during 

measurements. The methods of Clegg and Sullivan (1975); Sullivan, Clegg 

and Bennet (1976) were used where the whole or a portion of each tagged 

leaf blade was clamped in a plexiglass chamber (2.328 L), that has air 

circulating within by a small battery-driven fan. The chamber has two 

rubber septa mounted on both its sides through which the enclosed air 

was sampled with small syringes (10 ml). Once the chamber was sealed 
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over a fully illuminated leaf and then enclosed air was allowed to 

circulate for a few seconds; an initial air sample of 5 to 6 cc was 

taken from the chamber wi th a fi rst syri nge and a need1 e marked wi th 

red circular adhesive tag. A second sample of equal volume was taken 

by a second syringe marked with a blue circular adhesive tag after 30 

. seconds. The end of the needles of the two syringes were imbedded in 

small pieces of rubber stoppers to seal in air samples and transported 

in an ice box to the laboratory for analysis of C02 concentration. The 

C02 concentration differences between the two syringes sampled from 

each 1 eaf on each se1 ected p1 ant were measured usi ng . a Beckman Model 

865 infrared gas analyzer (manufactured by Beckman Instruments, Inc., 

Fullerton, CA) as described by Clegg, Sullivan and Eastin (1978). Five 

milliliters of the gas samples from the p1exiglass chamber were injected 

from the syringe into a nitrogen carrier gas in which nitrogen flowing 

through both the reference and sample cells of the analyzer (Fig. 2), 

after the system has been properly calibrated with standard gasses of 

known C02 concentrations. The peak output was transmitted into a Fluke 

Model 8024A digital Voltmeter showing the maximum voltage output from 

the analyzer. The difference in C02 concentration between the two 

syringes sampled from a leaf was a measure of C02 uptake. Once this 

was known, photosynthetic rate on a leaf area basis was determined using 

the method descri bed by Muramoto et a 1. (1976b), where the fo 11 owi n9 

equation was applied: 
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Figure 2. Diagram of the carbon dioxide system using the syringe technique 
described by Clegg, Sullivan and Eastin (1978). 



Net Ps in mg C02 dm- 2 hour- 1 

Chamber d ppm 
44,000 mg C02/mole x 10-6 x Volume x (per x 273 x 760 x 3600 

22.4L/mole (liters) sec.) T Atm 

dm2 (leaf area) 

where chamber volume = 2.328L, 

Ps = Photosynthesis 

(ppm C02 initial sample - ppm C02 second sample) 
dppm = -------------------

30 seconds 

T = ambient (air) temperature in degrees Kelvin 

Atm = atmospheric pressure (mmHg), 

3600 = conversion from seconds to hours, 
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22.4 = the volume (in liters) occupied by one mole of gas. 

Multiplying net Ps in mg C02 dm- 2 hour -1 by 0.6039 we obtained 
net Ps in u moles C02 m- 2S- 1. 

After determination of gas exchange characteristics, the individual 

leaves used for these measurements in 1985 were harvested and dried at 

650C. These leaves were then used to compute specific leaf weight. 

The separated pet i 01 es from these 1 eaves were dri ed and reserved for 

petiole N03-N concentrataion analysis. 

Nitrate-Nitrogen {N03-N1 Analysis in Petioles 

Analysis of Petiole N03-N concentration on single leaf and plant 

basis, was done by the Soils, Water and Plant Tissue Testing Laboratory 

at the University of Arizona, Tucson, Arizona. Dried petiole samples 

(2 or 6 petioles per sample) were ground in an Intermediate Willey Mill 

to pass through 30 mesh stainless steel screen. One-tenth gram of ground 

sampl e was extracted with 10 ml of deionized water, and the fi ltrate 
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collected. The petiole N03-N concentration on a dry weight basis (g Kg-

1) was estimated on a Technicon Auto Analyzer II by the Industrial Method 

No. IOO-70W/B Released Sept., 1973/Revised Jan., 1978. 

LA(m2) was estimated by multiplying leaf area to leaf weight 

ratio (A/WL) by the total leaf weight of three plants sampled. 

LAI (m2m- 2) was calculated by dividing the total leaf area by 

the ground area occupied by three plants (Wolf et al., 1972). 

LAR was calculated as the ratio of the total plant leaf area to 

the total plant weight (Gardner et al., 1985). 

LAR = A/W (m2 kg-I) 

Where A is the leaf area in m2, and W is the plant dry weight in 

Kilogram (kg). 

SLW was calculated as the ratio of the dry weight of leaves to 

the leaf area (Gardner et al., 1985). 

SLW = W/A (kg m- 2) 

Where W is the dry weight of leaves, and A is the leaf area. 

FI is a measure of fruiting efficiency and was calculated as the 

ratio of total gram dry weight of fruiting structure to the gram dry 

weight of vegetative matter (Joham, 1955 cited by White and Kohel, 1964). 

Data Analysis Procedure 

The data employed to achieve the purpose of this study consisted 

of two sets of: 1) Physiological characteristics derived from the TOW 

and LA measurements, and determination of petiole N03-N concentration 

for the whole plant, and 2) Photosynthetic rate, SLW, and petiole N03-N 

concentration for single leaves at different ages in each plant. 
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To determine the genotypic response for leaf and plant 

physiological characteristics, an analysis of variance (using split

split plot procedure, with leaf or plant age as sub-sub plot) was used 

to detect if there are differences between and among the three genotypes 

at two plant densities, and to evaluate these differences at different 

leaf or plant ages. 

A polynomial regression was used to analyze the effect of leaf 

age on photosynthetic rate, and the relationship between photosynthetic 

rate and petiole N03-N concentration. The effect of leaf age on petiole 

N03-N was analyzed by linear regression analysis. 

The "Pearson" correlation procedure was employed to detect the 

relationship between and among plant physiological characteristics. A 

multiple regression analysis was used to predict the contribution of 

plant physiological characteristics to fruit production. 

Calculations of apparent photosynthesis, LA, LAI, FI, LAR, and 

SLW were conducted by the Zenith, IBM computer, Plant Sciences Department, 

University of Arizona. 

Statistical packages used for this purpose were the Statistical 

Packages for Social Sciences SPSS (Nie et al., 1975) and Montana State 

University Statistical Packages MSUSTAT (Lund, 1983). The SPSS was 

used on the University of Arizona Computer Centers' Cyber 175 Computer 

HP 41-CV, and the MSUSTAT was run on Zenith, IBM Computer, Plant Sciences 

Department, University of Arizona. 



CHAPTER 4 

RESULTS AND DISCUSSION 

Meteorological Data 

The summers of 1984 and 1985 were quite different in growing 

conditions regarding rainfall, temperature, relative humidity, daily 

radiation and accumulated degree days. 

Seasonal rainfall in 1984 (215 mm) was above normal and occurred 

at timely i nterva 1 s throughout the samp 1 i ng peri od, June to August 

(Table 3) and the crop was grown with only two irrigations - preplant 

and another in June. However, rainfall in 1985 (141 mm) was less than 

normal and occurred mostly during the last two months of the sampling 

period (Table 4). 

Average monthly temperature in 1984 was within the 1 imits for" 

this time of the year. The maximum ranged from 26 to 37oC, while the 

minimum ranged from 10 to 220C (Table 3). The average monthly 

temperature in 1985, however, was slightly higher due to less rainfall. 

The maximum ranged from 29 to 390 C, while the minimum ranged from 12 to 

23 0C (Table 4). 

Average monthly relative humidity in 1984 was higher than in 

1985, particularly during the sampling period (Table 3). However, 

daily average sunshine was higher in 1985 than in 1984 during the 

44 
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Table 3. Meteorological data for West Campus Agricultf/al 
Tucson, Arizona, from April through August, 19841 . 

Center, 

Accumulated 
Month Average Temgerature Rainfall Average Average Degree Days 

Max Min R.H. Sunshine Base 18.5 C 
------ C ---------- mm % hrs. 

April 26 10 9 28 12 87 

May 36 18 2 20 13 556 

June 37 21 26 27 12 1105 

July 36 22 73 51 10 1706 

August 35 22 105 53 10 2268 

liMeteorological data; courtesy of USDA Plant Material Center, Tucson, 
AZ. 

Table 4. 

Month 

Apri 1 

May 

June 

July 

August 

Meteorological data for West Campus Agricultr;ral Center, 
Tucso~, Arizona, from April through August, 1985 . 

Average Temgerature 
Max Min 

29 

33 

39 

39 

38 

c ----------
12 

18 

21 

23 

23 

Rainfall 

mm 

11 

trace 

2 

79 
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Accumulated 
Average Average Degree Days 

R.H. Sunshine Base 18.5 C 
% hrs. 

29 

22 

17 

37 

42 

12 

13 

14 

13 

12 

159 

504 

1137 

1841 

2501 

liMeteorological data; courtesy of USDA Plant Material Center, Tucson, 
AZ. 
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sampl i ng peri od (Tabl e 4). The accumul ated degree days were found to 

be higher during the sampling period in 1985 than in 1984. 

In general, the growing season of 1984 was cooler, with much 

more rain than the 1985 season. This was reflected in the higher 

values of the physiological characteristics measured in 1984 as 

compared to that of 1985. 

Leaf Age 

The data in figures 3 through 7 show the three genotypes with 

high planting density in the upper half of these figures, and low 

planting density in the lower half. The two genotypes, Pima S-6 and 

DPL-90 as previ ously cl assifi ed, possess long and multi noded sympodi a 

and bear one mature fru i t i ng square per node. The 1 ater genotype, 

Cluster Selection has no sympodia, and consequently no leaves to 

subtend bolls (Appendix A). 

Leaf age appears to affect all the characteristics measured for 

each genotype duri ng both seasons by a reduction in photosynthet i c 

rates and petiole nitrate-nitrogen concentrations, and slight increase 

in specific leaf weight values when leaves approach senescence. The 

specific leaf weight characteristic varied among genotypes irrespective 

of high and low planting density treatments in 1985 (Fig. 7). 

Apparent Photosynthesis 

Regardless of the planting density, leaf age had a pronounced 

reduction on the photosynthetic rates of all genotypes. However, this 

reduction in the photosynthetic rates when leaves reach senescence (43 

days) differed among the three genotypes, with a range of between 69% 
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for Cluster Selection and 78% for Pima S-6 in 1984 (Fig. 3), and a 

range of between 71% for Cluster Selection and 86% for DPL-90 in 1985 

(Fig. 4). For each samp'l ing year, peak photosynthetic capacity per 

unit of leaf area was attained 8 days after full leaf expansion. 

Photosynthet i c capac i ty was rna i nta i ned at th is rate for on 1 y 7 days 

before along decl i ne begi ns. The decl i ne in photosynthetic rates 

eventually begins when leaves reached the age of 22 days irrespective 

of genotype, planting density or year. Constable and Rawson (1980) 

reported that peak photosynthesis (about 21 u mole C02 m- 2S- 1) in 

DPL-16 (g. hirsutum L.) grown in the greenhouse was attained 13 to 15 

days after leaf unfolding and was maintained at this rate for only 12 

days. 

The effect of leaf age on photosynthetic rates of cotton species 

has been reported by many authors (El more et a 1 ., 1967; Muramoto et 

al., 1967; Brown, 1973; Constable and Rawson, 1980). However, while 

our results (Figs. 3 and 4) agreed with these reports, they also 

indicate that different genotypes responded differently to leaf aging. 

Except for the highest rates found for Cluster Selection, these 

results are comparable with those reported for single fully expanded 

1 eaves of cotton pl ants by Muramoto et al. (1967); Karami and Weaver 

(1980); Hofmann, Dobrenz and Briggs (1982). However, the higher 

phdtosynthetic rates in senescing leaves of Cluster Selection are 

expected, since main stem leaves of this genotype are the only source 

of photosynthesis during vegetative and fruiting phases. In Pima S-6 

and DPL-90 genotypes, subtending leaves on the fruiting branches are 
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Figure 3. Seasonal mean responses for apparent photosynthesis as 
affected by 1 eaf age of the three cotton genotypes grown 
under high and low planting densities in 1984. 
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Figure 4. Seasonal mean responses for apparent photosynthesis as 
affected by 1 eaf age of the three cotton genotypes grown 
under high and low planting densities in 1985. 
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the major source of photosynthesis during fruiting phase when main stem 

leaves senesce. 

Petiole Nitrate-Nitrogen Concentration 

Leaf age reduced the concentration of petiole nitrate-nitrogen 

for all genotypes in this study (Figs. 5 and 6). However, the 

percentage reduction varied among genotypes. Regardless of the 

planting density treatment, higher reduction percentages as leaves 

reach senescence (43 days old) were found for Cl uster Select ion (86 

percent) in 1984.. In 1985, however, Cluster Selection had the lowest 

percentage (75 and 76% for high and low planting density treatments, 

respectively). DPL-90 had the highest reduction percentage (82%) in 

the high planting density treatment, while Pima S-6 had the highest 

reduction percentage (86%) in the low planting density treatment. 

Regardless of genotype, decreases in photosynthetic rates were 

paralleled by decreases in petiole nitrate-nitrogen concentration. 

When the three genotypes in thi s study are compared with each 

other for both photosynthetic rates and petiole nitrate-nitrogen 

concentration, Cluster Selection appears to be the only genotype that 

rna i nta i ned a higher rate of photosynthes is and low con cent rat ions of 

petiole nitrate-nitrogen. This indicates a good possibility of using 

this genotype as a source for a higher photosynthetic capacity and 

more efficient petiole nitrate-nitrogen utilization, especially under 

high planting density treatments. Pima S-6 and DPL-90 had greater 

reductions in photosynthetic rates but relatively high petiole nitrate

nitrogen concentrations under both planting density treatments during 

the early stages of leaf senescence. 
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Figure 5. Seasonal mean responses for petiole nitrate-nitrogen 
con cent rat i on as affected by 1 eaf age of the three cotton 
genotypes grown under high and low planting densities in 
1984. 
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The decrease in petiole nitrate-nitrogen concentration, as leaf 

ages, has been reported by many authors (Osman and Multhorpe, 1971; 

Friedrick and Huffaker, 1980; Field, 1981; Field and Mobney, 1983). 

Specific Leaf Weight 

Specific leaf weight showed extremely low variability among 

genotypes in this study under both high and low planting density 

treatments, and at different leaf ages (Fig. 7). Under both high and 

low planting density treatments, peak specific leaf weight values (.086 

and .089 kg m- 2) were reached after 8 days of full leaf expansion for 

DPL-90 genotype and then decreased sl ightly as leaf aged. However, 

this pattern was almost reversed for Pima S-6 and Cluster Selection 

genotypes where their peak specific leaf weight values occurred at the 

outset of leaf senescence at the high and low planting density 

treatments (.080 and .079; .090 and .086 kg m- 2 for Pima S-6 and 

Cluster Selection, respectively). 

High-·planting density treatment did not lead to significantly 

lower specific leaf weight values regardless of genotype or leaf age; 

however, there was a trend for those genotypes to have lower specific 

leaf weight values in the high planting than the low planting density 

treatment. This suggests that shading in the high planting density 

treatment caused a more horizontal orientation and lower specific leaf 

weight. These results are consistent with recent findings reported by 

Kappel and Flore (1983), and are in agreement with the suggestion that 

specific leaf weight is highly influenced by environmental conditions 

(Luo, 1979). 
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Figure 7. Seasonal mean responses for specific leaf weight as affected 
by leaf age of the three cotton genotypes grown under high 
and low planting densities in 1985. 
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The slight elevation observed in specific leaf weight under both 

high and low planting density treatments as leaves senesce was 

associated with lower values of apparent photosynthesis. This 

indicates that this leaf characteristic can not be suggested as a 

selection criterion for evaluating indirectly for higher photosynthetic 

rates because it may produce thicker leaves rather than improving fruit 

production (Landivar et al., 1983). 

Except for specific leaf weight, analysis of variance detected 

differences among the three genotypes for apparent photosynthesis and 

petiole nitrate-nitrogen concentration in both seasons (Appendix 

B.l,3). However, analysis of variance failed to detect any significant 

differences due to planting density treatment for all leaf 

characteristics studied in both seasons. Except for specific leaf 

weight, leaf age x genotype interactions were highly significant for 

photosynthet i c rate and pet i ole nitrate-nitrogen concentrat ion 

(Append i x B.l ,2) . Except for 1 ea f age, there was no sign ifi cant 

difference detected in specific leaf weight characteristic for 

different levels of factors or their interactions in 1985 (Appendix 

B.3). The significant leaf age x genotype interactions, indicated that 

photosynthetic rates and petiole nitrate-nitrogen concentrations did 

not follow the same trend of decrease in the three genotypes as 1 eaf 

·ages. A planting density x genotype interaction was observed for 

pet i 01 e ni tratae-nitrogen con cent rat ion in 1984 only. Thi s i ndi cates 

that the trend of decrease in petiole nitrate-nitrogen concentrations 

will be affected also by planting density treatment. 
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Apparent photosynthesi s was found to di ffer among the three 

genotypes in 1984 and 1985 (Table 5). At the high planting density 

treatment and after 8 days of full leaf expansion, Cluster Selection 

and DPL-90 had higher photosynthetic rates (23.05 and 18.93 u mole C02 

m- 2S- 1) in 1984, while Pima S-6 had the lowest photosynthetic rates 

(16.78 u moles C02 m- 2S- 1). At the low planting density treatment, 

only a slightly different pattern was observed. Cluster Selection and 

DPL-90 sti 11 had the highest photosynthetic rates (20.75 and 18.13 u 

moles C02 m- 2S- 1, rp.spectively). The same trend was observed in 1985; 

however, Cluster Selection had the highest photosynthetic rates (23.30 

and 22.62 u moles C02 m- 2S- 1 for high and low planting density 

treatments, respectively), and DPL-90 and Pima S-6 had the lowest rates 

(18.29 and 18.42; 16.05 and 14.89 u moles C02 m- 2S- 1 for high and low 

planting density treatments, respectively). During both years, and 

under both high and low planting density treatments, Cluster Selection 

had the highest photosynthetic rates when leaves reach the age of 43 

days old. 

Pet i 01 e nitrate-ni trogen con cent rat ions were signifi cantly 

different among the three genotypes under both high and low plant i ng 

density treatments (Table 6). In 1984, DPL-90 had the highest nitrate

nitrogen concentration values after 8 days of full leaf expansion (5.40 

and 5.41 g kg-I) for the high and low planting density treatments, 

respectively). Cluster Selection had the lowest petiole nitrate

nitrogen concentrations (3.53 and 3.54 g kg- 1 for the high and low 

planting treatments, respectively). When leaves reach the age of 43 

days, Cluster Selection had significantly lower petiole nitrate-



Table S. Mean separation of apparent photosynthesis at different leaf ages of the three cotton 
genotypes grown under high and low planting densities in 1984 and 1985. 

Planting 
Genotype Density -------------------------Leaf Age (days)------------------------------------

Level 1 8 IS 22 29 _ 36 43 
---------Apparent photosynthesis (u mole C02 m-ZS~l)------------ ____________ _ 

1984 
Pima S-6 High 18.84a*A# 16.78a AB 14.18a BC 11.88a CD 9.12a DE 6.82a E 2.66a F 

Low IS.48a A 16.26a A 14.02a A 9.93a B 8.77a B 7.65a BC 4.91a C 

Cluster High 20.48a AB 23.05b A 19.94b AB 17.90b Be 14.91b C 
Selection Low 17.39a ABC 20.7SabA 18.1Sb AB 15.83b BC 13.93b C 

OPL-90 High 15.48a AB 18.93abA 16.91abAB 13.35ab BC 10.17a C 
Low 14.96a A 18.13abA 17.S1abA 11.33a B 9.61a BC 

1985 

7.10a 
7.17a 

o 5.92a 0 
o 5.97a 0 

6.06a 0 3.19a 0 
7.16a CD 3.87a 0 

Pima S-6 High 16.84a*A# 16.05a AB 14.2Sa B 11.21a e 8.72a 0 4.03a 
Low 17.14a A 14.89a AB 13.0Sa B 9.72a C 7.56a C 4.60a 

E 2.41a E 
o 3.S3a 0 

Cluster High 18.14a A 23.30b B 21.89b B 18.06b A 
Selection Low 18.46a A 22.62b B 21.42b B 18.64b A 

OPL-90 High 17.64a A 18.29a A 17.43a A 
Low 17.81a A 18.42a A 17.38a A 

IO.77a B 
10.71a B 

14.86b e 
15.86b C 

7.02a C 
7.40a e 

7.29a 0 5.47a 0 
7.43a 0 5.29a 0 

4.06a 0 2.32a 0 
5.17a e 2.70a 0 

* Values followed by the same lower case letter within a column are not significantly different each 
year at S% level according to LSD test. 

# Values followed by the same upper case letter within a row are not significantly different each 
year at S% level according to LSD test. 

01 
....... 



Table 6. Mean separation of petiole nitrate-nitrogen concentration at different leaf ages of the 
three cotton genotypes grown under high and low planting densities in 1984 and 1985. 

Planting 
Genotype Oensity -------------------------Leaf Age (days)------------------------------------

Level 1 8 15 22 29 36 43 
------------------------Petiole Nitrate-Nitrogen (g kg- l )-------------------

1984 
Pima S-6 High 5.05a*A# 4.39a B 4.13a -C-3.8la 0 l.8la E l.03a F .92a G 

Low 5.07a A 4.40a B 4.14a C 3.83a 0 1.82a E 1.04a F .73b G 

Cluster High 4.82b A 3.53b B 3.34b C 2.94b 0 2.67b E .73b F .68b F 
Selection Low 4.85b A 3.54b B 3.35b C 2.95b 0 2.68b E .74b F .69b F 

OPL-90 High 5.81c A 5.40c B 3.34b C 2.42c 0 2.03c E 1.31c F 1.24c G 
Low 5.83c A 5.41c B 3.35b C 2.43c 0 2.04c E 1.27c F 1.lOd G 

1985 
Pima S-6 High 4.94a*A# 4.44a A 4.33a A--3.20a B l.83a C l.Ola 0 .92abO 

Low 5.11acA 3.99b B 3.80b B 3.07a C 1.54b 0 .96ab OE .70b E 

Cluster High 3.92b A 3.69c AB 3.44c AB 3.02a BC 2.71c C 1.27c 0 .97a 0 
Selection Low 3.97b A 3.77bcA 3.42c AB 2.98a BC 2.58c C 1.25c 0 .96a D 

OPL-90 High 5.33c A 4.76d A 3.52bc B 2.60b C 2.02ad C 1.22ac 0 .94a D 
Low 5.58d A 4.97d A 3.65bc B 2.70b C 2.21d CO 1.56d DE 1.07a E 

* Values followed by the same lower case letter within a column are not significantly different each 
year at 5% level according to LSD test. 

# Values followed by the same upper case letter within a row are not significantly different each 
year at 5% level according to LSD test. 

U'1 
co 
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nitrogen concentrations (.68 and .69 g kg- 1 for the high and low 

planting density treatments, respectively). These lower concentrations 

in Cl uster Select ion 1 eaves, are para 11 e 1 ed by higher photosynthet i c 

rates, thus a higher nitrate-nitrogen utilization rate. The same trend 

was observed in 1985; however, all genotypes maintained similar 

concentrations except Pima S-6 which had significantly lower 

concentration in low planting density at leaf senescence. 

No significant differences observed among the genotypes in this 

study (Table 7) for both the high and low planting density treatments. 

However, Cluster Selection tended to have the highest specific leaf 

weight values at different leaf ages under both high and low planting 

density treatments. 

Except for DPL-90, specific leaf weight was not affected 

significantly by either planting density treatment or leaf age. 

However, senescent leaves of Pima S-6 and Cluster Selection tended to 

have slightly higher specific leaf weight values in both planting 

density treatments. On the other hand, senescent leaves of DPL-90 

tended to have slightly lower specific leaf weight in both planting 

density treatments (Table 7). 

The 1 ack of di fferences here may demonstrate a strong 

environmental effect upon this character, since higher variability was 

observed within the genotypes than among them. These results are in 

agreement with those reported by Lugg and Sinclair (1979). 

Regression Analysis 

The combined data for all genotypes for each planting density 

treatment (N = 84) during 1984 and 1985 were computed. Regression 



Table 7. Mean separation of specific leaf weight at different leaf ages of the three cotton 
genotypes grown under high and low planting densities in 1985. 

Planting 
Genotype Density -------------------------Leaf Age (days)------------------------------------

Level ~----------~-------SP!~ifiC Leaf2~eight (kg m~~)----------~~----------~~----
Pima S-6 High .073a*A# .075a A .073a A .072a A .078a A .077a A .080a A 

Low .078a A .077a A .077a A .076a A .076a A .077a A .079a A 

Cluster High .078a A .083a A .082a A .081a A .086a A .081a A .090a A 
Selection Low .078a A .092a A .087a A .088a A .083a A .089a A .086a A 

DPL-90 High .081a AB .086a B .079a AB .074a AB .068a A .082a AB .075a AB 
Low .081a AB .08ga B .084a AB .076a AB .068a A .073a AB .074a AB 

* Values followed by the same lower case letter within a column are not significantly different each 
year at 5% level according to LSD test. 

# Values followed by the same upper case letter within a row are not significantly different each 
year at 5% level according to LSD test. 

(J) 
o 
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ana 1 ys i ~ showed that photosynthetic rate was curvil i nearl y correlated 

with leaf age (Fig. 8). The explained variances (r2) due to the 

regressions were 0.71 and 0.65 (P < 0.01) in 1984 (Fig. 8c,d); 0.77 and 

0.74 (P < 0.01) in 1985 (Fig. 8a,b) for the high and low planting 

density treatments, respectively. The correlations indicated that 

photosynthetic rates decreased sharply when leaves reach the age of 15 

to 22 days regardless of genotype or planting density treatment. 

Petiole nitrate-nitrogen concentration decreased linearly with 

increasing leaf age (Fig. 9). The r2 due to the regressions were 0.90 

and 0.91 in 1984 (Fig. 9c,d); 0.91 and 0.90 in 1985 (Fig. 9a,b) for the 

high and low planting density treatments, respectively. These 

correlations indicated that petiole nitrate-nitrogen was assimilated 

and taken up by the plants resulting in reduced concentrations in 

senescent leaves. 

Photosynthetic rate generally increased curvilinearly with 

increasing petiole nitrate-nitrogen concentration (Fig. 10) .. However, 

there was little additional increase in photosynthetic rate as petiole 

nitrate-nitrogen concentration increased from 3.6 to 6 g kg- 1 for all 

planting density treatments. The r2 due to the regressions were 0.66 

and 0.61 in 1984 (Fig. 10c,d); 0.79 and 0.75 in 1985 (Fig. 10a,b) for 

the high and low planting density treatments, respectively. 

There was no significant correlation between photosynthetic rate 

or petiole nitrate-nitrogen and specific leaf weight in both planting 

density treatments in 1985 (Appendix B.4). Moreover, the linear 

regression of specific leaf weight on leaf age was not significant in 

both planting density treatments in 1985 (Appendix B.4), indicating 
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Figure 8. Relationship between apparent photosynthesis and leaf age of 
the three cotton genotypes grown under high and low planting 
densities in 1984 and 1985. 
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Figure 9. Relationship between petiole nitrate-nitrogen concentration 
and leaf age of the three cotton genotypes grown under high 
and lo.w planting densities in 1984 and 1985. 
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Figure 10.Relationship between apparent photosynthesis and petiole 
nitrate-nitrogen concentration of the three cotton genotypes 
grown under high and low planting densities in 1984 and 1985. 
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that leaf age had no effect on leaf thickness in cotton plants. Lack 

of correlation between specific leaf weight and photosynthetic rate has 

been reported by Karami and Weaver (1980) for okra, superokra and 

normal leaves of cotton plants. In contrast, Delaney and Dobrenz 

(1974) found a sign i fi cant pos it i ve corre 1 at i on between spec i fi c 1 ea f 

weight and photosynthetic rates of lucerne. 

Regardless of seasonal variation, planting density treatment had 

a slight effect on the association between photosynthetic capacity and 

petiole nitrate-nitrogen concentration. Planting density treatment had 

no affect on the negative relationship between either photosynthetic 

capacity or petiole nitrate-nitrogen concentration and leaf age, 

suggesting that leaf aging does involve inevitabl,e changes in leaf 

characteristics regardless of planting density. However, there was a 

trend for the high planting density treatment to have slightly higher 

correlation coefficients than low planting density treatment. This may 

be due to the fact that higher planting densities utilize nitrate

nitrogen more efficiently than the low planting densities. The 

intimate association between photosynthetic capacity and petiole 

nitrate-nitrogen concentration has been reported by many authors 

(Thompson et al., 1976; Wong, 1979; Friedrich and Huffaker, 1980; 

Richard, 1980). 

Mult i p 1 e regress i on ana lyses were made for photosynthes is data 

in both high and low planting density treatments in 1985 to investigate 

the contribution of leaf age, petiole nitrate-nitrogen concentration, 

and specific leaf weight in the prediction of photosynthesis (Table 8). 

The regressions were performed in a step wise manner, incorporating 
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Table 8. Multiple regression for photosynthesis of the three cotton 
genotypes grown under high and low planting densities in 
1985. 

Independent Multiple r2 r2 B S.E.B. SIG 
Variable r Change 

High Planting Density: Y = 12.39 

Leaf age .8529 .7274 .7274 -.399 .027 .000 

Petiole N03-N .8797 .7739 .0465 .814 .887 .036 

Specific 
Leaf weight .8870 .7867 .0128 42.290 30.045 .361 

(Constant) 13.860 5.012 .007 

Low Planting Density: Y = 12.37 

Leaf age .8451 .7141 .7141 -.382 .029 .000 

Petiole N03-N .8764 .7680 .0539 .493 .743 .048 

Specific 
Leaf weight .8771 .7693 .0013 123.247 28.410 .509 

(Constant) 8.212 4.383 .065 

Y = Mean response 

r = Correlation coefficient 

B = Slope of regression line 

S.E.B. = Standard error of B 

SIG = Significance of F for the variable indicated 
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vari abl es into the equation in order of thei r power to increase the 

explained variation. 

Leaf age was the fi rst vari ab 1 e incorporated in both the high 

and low planting d~nsity treatments (Table 8), and accounted for an 

increase in the explained variation of .7274 and .7141 for the high and 

low planting density treatments, respectively. Petiole nitrate-

nitrogen concentration showed significance and ranked second, adding 

.0465 and .0539 for the high and low planting denSity, respectively. 

Thus, adding leaf age as an independent variable in this multiple 

regression reduces the effect due to the petiole nitrate-nitrogen 

concentration. 

Specific leaf weight showed no significance and added only .0128 

and .0013 to the explained variation for the high and low planting 

density treatments, respectively. The results indicate that specific 

leaf weight has negligible contribution in predicting photosynthetic 

capacity in cotton plants. 

Plant Age 

Plant age appears to affect all physiological characteristics 

measured for each genotype at both planting density treatments in both 

seasons, but in different patterns (Figs. 11 to 18). Total dry weight, 

fruit dry weight, fruiting index, leaf area, and leaf area index 

followed a 'common sigmoid pattern of increase with increased plant 

agi ng. However, a typi cal "ri se and fa 11" agi ng pattern was observed 

for petiole nitrate-nitrogen concentration, leaf area ratio, and 

specified leaf weight as plants aged. 
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Total Dry Weight 

At the high planting density treatment, total dry weight showed 

a linear phase of growth (Fig. l1c) with Cluster Selection reaching 

about 1238 (g m- 2) in 1984 and Pima S-6 to about 956 (g m- 2) in 1985 at 

the stationary phase of growth towards the end of the sampling period 

(Fig. lla). However, at the low planting density treatment, total dry 

weight was reduced significantly with Cluster Selection again having 

the highest total dry weight (443 g m- 2) in 1984 (Fig. lId) and DPL-90 

to about 521 (g m- 2) in 1985 at the stationary phase of growth towards 

the end of the sampling period (Fig. l1b). The seasonal variation 

displayed by these genotypes might suggest a strong environmental 

affect on the expression of this characteristic as suggested by 

Iruthayaraz and Morachan (1980). 

At both planting density treatments, the final total dry weights 

were higher in 1984 except for DPL-90 at high planting density 

treatment where it gave higher total dry weight during the fourth 

sampling date, and at the low planting density treatment during the 

last two sampling dates in 1985. The total dry weights of these 

genotypes levelled off earlier in the high planting density treatment 

in 1985 but continued to increase 1 inearly in 1984. This might be 

attributed to the higher amount of rainfall received during the 

sampling period in addition to irrigation in 1984 

Analysis of variance failed to detect any differences among the 

three genotypes for this characteristic in both seasons. However, 
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Figure 11. Seasonal mean responses for total dry weight as affected by 
plant age of the three cotton genotypes grown under high and 
low planting densities in 1984 and 1985. 
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planting density and plant age affected total dry weight significantly 

in both seasons. A genotype x plant age, and planting density x plant 

age interactions were also highly significant indicating that total dry 

weight did not follow the same trend of increase and decrease as plant 

ages in the three genotypes when grown at different planting density 

treatments (Appendix C.1). 

Except at the first sampling date, low planting density 

treatment had pronounced reduction on total dry weight for all 

genotypes in both seasons. However, the reduction in total dry weight 

at the last sampling date was higher in Pima S-6 and Cluster Selection 

genotypes (65 and 64%, respectively) and relatively less in DPL-90 (51 

percent) in 1984 (Table 9). A 1 though the reduct i on percentages were 

lower, the same trend was observed in 1985, with Pima S-6 and Cluster 

Selection having again the highest reduction percentages (53 and 60%, 

respectively) while DPL-90 had the lowest (32%). These results 

indicate that lowering the planting density will give a less favorable 

dry matter production in Cluster Selection and Pima S-6 as compared to 

DPL-90. 

Plant age increased the total dry weight significantly for all 

genotypes in both planting density treatments in both seasons. 

However, the genotypes displayed different aging patterns with Pima S-6 

reaching the stationary phase 10 days earlier than Cluster Selection 

and DPL-90 in the high planting density treatment in 1984. The same 

trend was observed in 1985, except that Cluster Selection reached the 

stationary phase 10 days earlier than in 1984. In the low planting 

density treatment in both seasons, the stationary phase for all 



Table 9. Mean separation of total dry weight at different plant ages of the three cotton 
genotypes grown under high and low planting densities in 1985 and 1985. 

Planting 
Genotype Density -----------------Plant Age (Days after Planting)-------------------

Level 77 87 97 107 117 
-----------------Dry Weight (g m- 2)---------------------------

1984 
Pima S-6 High 301.30a*A# 500.00c B 613.50a B 914.50a C 1030.00bc C 

Low 103.80a A 195.50ab AB 222.70b ABC 342.70b BC 361.70a C 

Cluster High 244.50a A 380.20abcA 593.50a B 940.20a C 1238.00c D 
Selection Low 84.25a A 158.30a A 200.50b A 385.00b B 422.70a B 

DPL-90 High 246.50a A 448.70bc B 683.30a C 692.30a C 881.70b D 
Low 103.00a A 195.20ab AB 288.00b BC 410.00b C 434.50a C 

1985 
Pima S-6 High 178.00a*A# 359".00c B 596.50a C 899.20b D 955.80a D 

Low 66.50a A 135.30ab A 197.50b A 365.80a B 447.20b B 

Cluster High 191.50a A 320.00bc AB 440.00a B 718.50b C 794.20a C 
Selection Low 60.00a A 136.00ab A 195.80b AB 326.30a B 319.20b B 

DPL-90 High 170.50a A 298.00abcA 591.00a B 1150.00c C 763.00a D 
Low 56.25a A 100.00a AB 216.00b B 427.70a C 520.50b C 

* Values followed by the same lower case letter within a column are not significantly 
different each year at 5% level according to LSD test. 

# Values followed by the same upper case letter within a row are not significantly 
different each year at 5% level according to LSD test. 

....... ..... 
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genotypes remained stable for a longer peri od of time than the high 

planting density treatment. This might be interpreted to mean that 

aging period is extended in the low planting densities due mainly to 

less competition for intrinsic resources mostly required by the plant 

during different stages of growth and development. 

Fruit Dry Weight 

At the high planting density, the Cluster Selection had the 

highest fruit dry weight by the end of the sampl ing period in both 

seasons, reaching a final fruit dry weight of about 510 and 305 (g m- 2) 

in 1984 and 1985, respectively (Fig. 12c,a). While Pima S-6 and DPL-

90 reached the stationary phase earlier in 1984 and 1985, respectively, 

Cl uster Selection demonstrated ali near increase in both seasons. At 

the low planting density treatment, however, fruit dry weight was 

reduced significantly with Cluster Selection again having the highest 

values (185 g m- 2) in 1984 and DPL-90 to about 162 (g m- 2) in 1985 by 

the end of the sampling period (Fig. 12d,b). Except for the highest 

value found for Cluster Selection in 1984 at the high planting density 

treatment by the end of the sampling period, these results are 

comparable with those reported for cotton by Karami and Weaver (1980). 

When the three genotypes in this study are compared for both dry 

weight and fruit dry weight, Cluster Selection appeared to be the only 

genotype that maintained a higher amount of fruit dry weight under high 

planting density treatment in both seasons. The higher fruit dry 

weight in Cluster Selection might be due to the slower rate of 

vegetative dry weight development, and indicated a better distribution 

of assimilates to plant parts of economic importance. The results also 
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Figure 12. Seasonal mean responses for fruit dry weight as affected by 
plant age of the three cotton genotypes grown under high and 
low planting densities in 1984 and 1985. 
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indicated the possibility of increasing economic yield by growing 

cotton with the tip clustering characteristic under high planting 

densities. 

Analysis of variance failed to detect any differences among the 

three genotypes for this characteristic in both seasons. However, 

planting density and plant age affected total fruit dry weight 

significantly in both seasons. A genotype x plant age interaction was 

only significant in 1984. The planting density x plant age inter

actions were highly significant in both seasons (Append C.2) indicating 

that fruit dry weight did not follow the same trend of increase and 

decrease as plant ages in the three genotypes when grown at different 

planting density treatments. 

Low planting density treatment had pronounced reduction on fruit 

dry weight for all genotypes in both seasons (Table 10). However, the 

effect was not significant in the first two sampl ing dates for all 

genotypes. The reduction percentage in fruit dry wei ght at the 1 ast 

sampling date was higher in Cluster Selection and Pima S-6 genotypes 

(64 and 56%, respectively) and relatively lower in DPL-90 (49%) in 1984 

(Table 10). The trend was similar in 1985, but reduction percentages 

were lower in Pima S-6 and DPL-90 (48 and 36%, respectively) and higher 

in Cluster Selection (71%). These results might be interpreted to mean 

that for Cluster Selection to produce a favorable fruit production, it 

should be grown under high planting densities, and in wet and cooler 

cond it ions. 

Plant age increased the fruit dry weight significantly for all 

genotypes in both planting density treatments in both seasons. 



Table 10. Mean separation of fruit dry weight at different plant ages of the three 
cotton genotypes grown under high and low planting densities in 1984 and 
1985. 

Planting 
Genotype Density -------------------Plant Age (Days after Planting)-----------------

Level 77 87 97 107 117 
---------------·----Fruit Dry Weight (g m- 2)----------------- ______ _ 

1984 . 
Pima S-6 High 29.25a*A# 92.25a AB 145.20ab B 295.20c C 306.00c C 

Low 9.50a A 36.00a A 59.50acAB 152.30ab BC 133.30a C 

Cluster High 37.00a A 82.25a A 170.00ab B 266.50bc C 509.50d D 
Selection Low 13.00a A 38.75a A 76.00a AB 124.30a BC 184.70ab C 

DPL-90 High 21.25a A 91.00a A 255.50b B· 219.00bc B 281.20bc B 
Low 7.75a A 29.25a AB 68.50a ABC 111.20a BC 144.70a C 

1985 
Pima S-6 High 11.75a*A# 55.75a AB 92.75a B 179.80b C 2S6.S0a D 

Low 4.75a A 18.75a AB 31.00a AB 70.00a B 132.20b C 

Cluster High 23.75a A 71.50a AB 93.50a B 157.50b C 305.00a D 
Selection Low 7.75a A 21.50a A 44.50a AB 86.75a B 89.50b B 

DPL-90 High 12.00a A 39.50a AB 84.50a B 274.00c C 253.50a C 
Low 3.75a A 13.50a A 35.25a A 110.00ab B 161.50b B 

* Values followed by the same lower case letter within a column are not significantly 
different each year at 5% level according to LSD test. 

# Values followed by the same upper case letter within a row are not significantly 
different each year at 5% level according to LSD test. ~ 

(J1 
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However, the rate of increase in the high planting density treatment 

was higher than in the low planting density treatment for all genotypes 

throughout the sampling period. The stationary phase was also longer 

in the low planting density treatment than in the high planting density 

treatment except for DPL-90 where it demonstrated simil ar stationary 

phases for the high and low planting density treatments in 1985. 

Fruiting Index 

The ratio of oven-dry weight of fruiting parts to the oven-dry 

wei ght of vegetat i ve parts has been used by several invest i gators for 

measuring the fruiting efficiency of cotton varieties (White and Kohel, 

1964). Data in Figure 13 show the seasonal trend of fruiting index for 

the three cotton genotypes. The Cluster Selection had significantly 

higher fruiting index (.71) in the high planting density treatment by 

the end of the sampling period; and in the low planting density 

treatment (.62 and .75 at the third and last sampling dates, 

respectively) in 1984 (Fig. 13c,d). In 1985, Cluster Selection had 

again significantly higher fruiting index (.63) in the high planting 

density treatment than Pima 5-6, but was similar to DPL-90 (Fig. 13a). 

In the low pl anting density treatment (1985), however, all genotypes 

had similar fruiting indices at the last sampling date (Fig. 13b). 

At the high planting density treatment in 1984, DPL-90 and Pima 

$-6 reached their stationary phases at the fourth sampling date, while 

Cluster Selection continued the linear increase until the end of the 

sampling period (Fig. 13c). In the low planting density treatment, 

however, all genotypes di spl ayed 1 i near increase throughout the 

sampling period (Fig. 13d). In 1985, all genotypes demonstrated linear 
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Figure 13. Seasonal mean responses for fruiting index as affected by 
plant age of the three cotton genotypes grown under high and 
low planting densities in 1984 and 1985. 
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increase in the high planting density treatment; however, Cluster 

Selection reached the stationary phase ten days earlier than DPL-90 and 

Pima S~6 in the low planting density treatment (Fig. 13b). 

Analysis of variance detected differences among the three 

genotypes for this characteristic, but only towards the end of the 

sampling period. However, planting density did not affect this 

characteristic in both seasons. A genotype x plant age interaction was 

observed only in 1984, but plant age affected this characteristic in 

both seasons (Appendix C.3). This indicates that fruiting index did 

not follow the same trend of increase and decrease in the three 

genotypes as plant ages. 

Low planting density treatment did not significantly affect 

fruiting indices except for a significant increase for Cluster 

Selection at the third sampling date and a significant decrease for 

DPL-90 at the fourth sampling date in 1984. However, low planting 

density treatment tended to have slightly higher values although this 

trend was not consistent from one sampling date to another, or from one 

season to another (Table 11). The fact that fruiting index was not 

affected by planting density might indicate that the parallel decreases 

in total dry weight and fruit dry weight occurring in the low planting 

density treatment have resulted in a constant ratio of fruiting to 

vegetative parts. The results might indicate also the possibility of 

us i ng fru it i ng index as a measure of fru it i ng effi c i ency in cot ton 

varieties irrespective of planting density imposed. 

Plant age increased the fruiting index significantly for all 

genotypes regardless of planting density in both seasons. However, the 



Table 11. Mean separation of fruiting index at different plant ages of the three 
cotton genotypes grown under high and low planting densities in 1984 and 
1985. 

Planting 
Genotype Density -------------------Plant Age (Days after Planting)-----------------

Level 77 87 97 107 117 
----------------------Fruit Index----------------------------------

1984 
Pima S-6 High . 120a*A# .225a AB .318a BC .475ab CD .483a C 

Low .Il3a A .225a AB .358a BC .480ab CD .575a 0 

Cluster High .I90a A .273a AB .428a B .395ab B .708b C 
Selection Low .I85a A .335a AB .615b CD .470ab BC .750b 0 

DPL-90 High .105a A .260a AB .403a BC .558a C .390a B 
Low .080a A .175a AB .333a BC .370b CD .513a 0 

1985 
Pima S-6 High .073a*A# .I88a B .170a AB .258a BC .365a C 

Low .080a A .163a AB .I85a AB .228a B .420a C 

Cluster High .145a A .290a B .268a B .298a B .625b C 
Selection Low .153a A .203a AB .283a BC .370a C .383a C 

DPL-90 High .078a A .I58a A .I58a A .308a B .505ab C 
Low .068a A .155a AB .I90a B .333a C .480ab 0 

* Values followed by the same lower case letter within a column are not significantly 
different each year at 5% level according to LSD test. 

# Values followed by the same upper case letter within a row are not significantly 
different each year at 5% level according to LSD test. 

........ 
\0 
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rate of increase in the low planting density treatment by the end of 

the sampling period was higher in the low than in the high planting 

density treatment in both seasons except for Cluster Selection in 1985 

where the high planting density treatment had the highest rate of 

increase. The fact that Cluster Selection had a higher rate of 

increase in fru it i ng index by the end of the samp 1 i ng peri od in the 

high planting density treatment in 1985 might suggest that in hot and 

dry seasons, Cluster Selection will produce less dry matter production 

in low planting density that will lead to less fruiting index. 

Total Leaf Area 

At the high planting density treatment, Pima S-6 had the highest 

leaf area throughout the sampling period in 1984, except at the fourth 

sampling date when Cluster Selection reached the maximum leaf area of 

1.14 m2 (Fig. 14). However, the leaf area of Pima S-6 and DPL-90 

increased linearly towards the end of the sampling period, while the 

leaf area of Cluster Selection started to decrease at the last sampling 

date (Fig. 14c). In the low planting density treatment for the same 

season, DPL-90 had the highest leaf area (1.15 m2) at the first 

sampling date, and again at the fourth sampling date (1.31 m2) when 

maximum leaf area values were attained for all genotypes (Fig. 14d). 

However, leaf area of DPL-90 and Pims S-6 started to decrease at the 

last sampling date, while remained stable in Cluster Selection. 

The trend in 1985 was different where the genotypes di spl ayed 

variable results in the high planting density treatment with Pima S-6 

dominating at the early stages, and DPL-90 at the stationary phase of 

growth reaching a value of 1.21 m2 (Fig. 14a). In the low planting 
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Figure 14. Seasonal me'an responses for total leaf area as affected by 
plant age of the three cotton genotypes grown under high and 
low planting densities in 1984 and 1985, 
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rate of increase in the low planting density treatment by the end of 

the sampling period was higher in the low than in the high planting 

density treatment, Pima S-6 had the highest leaf area at the stationary 

phase (1.36 m2), but Pima S-6 and DPL-90 had similar leaf area (1.23 

m2) at the last sampling date (Fig. 14b). Moreover, the maximum leaf 

area in the low planting density in 1985 was attained 10 days later 

than in the high planting density treatment (Fig. 14b), indicating that 

in spaced plant canopies, leaves of cotton plants 1 ive for longer 

periods than those in dense plant canopies. 

For both planting density treatments, leaf area in 1984 was 

higher duri ng the fi rst two samp 1 i ng dates than those in 1985. The 

increase of this characteristic in 1984 has been paralleled also with 

increases in total dry weight, fruit dry weight and fruiting index. 

The results indicate that regardless of seasonal variation, leaf area 

can be used as an index of crop growth, and ultimately affects the dry 

matter accumulation, physiological characteristics and economic 

characters such as fruit production as suggested by Lal and Rao (1950) 

and Shrotriya and Misra (1977). 

Analysis of variance failed to detect any significant 

differences among the three genotypes for this characteristic (Appendix 

C.4). Planting density had high significant affect on leaf area 

development in both seasons, but this effect was influenced by genotype 

in 1984. Plant age affected leaf area development significantly in 

both seasons. A planting density x plant age interaction was 

significant in both seasons (Appendix C.4), indicating that the leaf 
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area development did not follow the same trend in the planting density 

treatments with the advancement of plant aging. 

Low planting density treatment increased the leaf area of DPL-90 

significantly during the fourth sampling date, but had no effect on the 

leaf area of Cluster Selection and Pima S-6 in 1984 (Table 12). In 

1985, however, low planting density treatment significantly increased 

the leaf area of all genotypes during the last sampling date. In both 

seasons, low planting density did not affect the leaf area of all geno

types significantly during the first three sampling dates, although it 

tended to have higher leaf area values in the low than the high 

planting density treatment (Table 12). By the last sampling date in 

1984, the percentage increases in leaf area due to low planting density 

treatment were 1, 22, and 48% for Pima S-6, Cluster Selection and DPL-

90, respectively. Although the percentage increases were higher, the 

same trend was observed in 1985 with DPL-90 havi ng again the 

highest percentage increase (89%), and Cluster Selection ranked second 

(53%), while Pima S-6 had the lowest percentage increase (45%). This 

might indicate as suggested earlier, that DPL-90 when grown under low 

planting density treatment will produce more leaf area that will 

result in more dry matter accumulation than either Pima S-6 or Cluster 

Selection. 

Plant age increased the leaf area significantly for all 

genotypes in 1985. However, the sign i fi cant increase occurred on 1 y 

during the first three sampl ing dates. At the high planting density 

treatment, leaf area remained stable for another 10 days and declined 

again at the last sampling date for all genotypes (Table 12). At the 



Table 12. 

Genotype 

Pima S-6 

Cluster 
Selection 

DPL-90 

Pima S-6 

Cluster 
Selection 

DPL-90 

Mean separation of total leaf area at different plant ages of the three 
cotton genotypes grown under high and low planting densities in 1984 and 
1985. 

Planting 
Density -------------------plant Age (Days after Planting)-----------------
Level --~~---------~~----Leaf Ar:~.Plant-l(m-~~~------------~~~----------

1984 
High . 78ab*A# .93a A 1.03a A .95abA 1.09a A 
Low .66a A 1.10a B 1.10a B 1.19b B 1. lOa B 

High .78ab A .69a A .99a AB 1.14b B .98a AB 
Low .91ab AS .99a AS .88a A 1.22b S 1.20a AS 

High .74ab A .73a A .90a A .64a A .81a A 
Low 1.15b A 1.04a A 1.07a A 1.31b A 1.20a A 

1985 
High .35a*A# .69a B 1.12ab C 1.09ab CD .85ab BC 
Low .38a A .76a B 1.17b C 1.36b C 1.23c C 

High .33a A .57a AB .83a CD .95b D .66a BC 
Low .31a A .78a B 1.06b C 1.18ab C 1.01c BC 

High .30a A .61a B 1.26b C 1. 21ab C .65a B 
Low .30a A .59a B 1.22b C 1.31b C 1.23c C 

* Values followed by the same lower case letter within a column are not significantly 
different each year at 5% level according to LSD test. 

# Values followed by the same upper case letter within a row are not significantly 
different each year at 5% level according to LSD test. co 

.;=. 
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low planting density treatment, however, leaf area remained stable for 

the last three sampling dates. The trend in 1984 was different in that 

leaf area of Pima S-6 and DPL-90 remained stable throughout the 

sampling period in both planting density treatments; but, leaf area of 

Cluster Selection followed the same pattern observed in 1985. 

Regardless of seasonal variation, the results might be interpreted to 

mean that aging processes are hastened in the high planting density 

treatment due to more competitive sinks which resulted from higher 

fru it product ion. The results mi ght suggest also that delay of plant 

aging in low planting density treatment will not be advantageous since 

this did not lead to higher fruit production. 

Leaf Area Index 

At the high planting density treatment (1984) Pima S-6 had the 

highest LAI at the beginning of the sampling period; then Cluster 

Selection exceeded Pima S-6 and DPL-90 reaching a final LAI of about 

6.0 at the stationary phase of growth (Fig. ISc). By the last sampling 

date, LAI continued to increase linearly in Pima S-6, while remained 

stable in DPL-90 or decreased slightly in Cluster Selection (Fig. ISc). 

In 1985, DPL-~O had the highest LAI in the high planting density 

treatment, reaching to about 4.5 and 6.4 (m2m- 2) at the third and 

fourth sampling dates, respectively. However, the Pima S-6 exceeded at 

the last sampling date reaching to about 4.5 m2m- 2 (Fig. lSa). 

At the low planting density treatment in both seasons, LAI was 

reduced significantly with all genotypes reaching nearly the same LAI 

values at the stationary phase and remained stable thereafter 

(Fig. lSb,d). However, LAI's of all genotypes in the low planting 
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Figure 15 Seasonal mean responses for leaf areas index as affectged by 
plant age of the three cotton genotypes grown under high and 
low planting densities in 1984 and 1985. 
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density treatment remained at the stationary phase for nearly 10 days, 

more than in the high planting density treatment in 1985. This might 

indicate that low planting density treatment delays leaf senescence 

slightly due to better illumination and less plant competition; but, 

this was not manifested in higher fruit production due to the large 

reduction in LAI's. 

The 1 eaf area index was more than doubl ed duri ng the fi rst 

sampling date at both planting density treatments in 1984 (Fig. 15). 

This was probably due to high amount of rains at the beginning of the 

sampling period in 1984. 

Analysis of variance failed to detect any differences among 

genotypes in 1984, but there was a sign ifi cant difference detected 

among genotypes for this characteristic in 1985 (Appendix C.5). 

Planting density and plant age affected leaf area index significantly 

in both seasons. A planting density x plant age interaction was also 

significant in both seasons; however, a genotype x planting density 

interaction was only significant in 1984. The results indicate that 

leaf area index did not follow the same trend of increase and decrease 

as plant ages in the three genotypes when grown at different planting 

density treatments. 

Low pl anti ng densi ty treatment had pronounced reduction on LAI 

for all genotypes in both seasons (Table 13). However, the affect was 

not significant in the first sampling date in 1985 for all genotypes. 

The reduction percentage in LAI at the last sampling date was higher in 

Pima S-6 and Cluster Selection genotypes (66 and 59%, respectively) and 



Table 13. 

Genotype 

Pima S-6 

Cluster 
Selection 

DPL-90 

Pima S-6 

Cluster 
Selection 

DPL-90 

Mean separation of leaf area index at different plant agaes of the three 
cotton genotypes grown under high and low planting densities in 1984 and 
1985. 

Planting 
Density -------------------Plant Age (Days after Planting}-----------------
Level 77 87 97 ~07 2 117 

---------------------Leaf Area Index (m m- }-----------------------
1984 

High 2.80c*A# 3.31c A 3.66a A 5.00bc B 5.7lc B 
Low .79a A I.3lab AB 1.3lb AB 2.12a B 1.96a B 

High 2.79c AB 2.46abcA 3.52a B 5.99c C 5.17bc C 
Low 1.09a A 1.18a AB 1.04b A 2.18a B 2.I3a B 

High 2.65bcA 2.59bc A 3.21a AB 4.38b C 4.24b BC 
Low 1. 36abAB 1. 24ab A 1.27b A 2.33a B 2.13a AB 

1985 
High 1.23a*A# 2.45a B 3.99c C 5.7lbc D 4.53c C 
Low .46a A .90b A 1.39a AB 2.43a C 2.20a BC 

High 1.18a A 2.03a AB 2.95b BC 5.01b D 3.48b C 
Low .37a A .92b AB 1.27a ABC 2.lIa C I.80ca BC 

High 1.06a A 2.16a B 4.50c C 6.38c D 3.40b E 
Low .36a A .71b AB 1.45a BC 2.34a C 2.19a C 

* Values followed by the same lower case letter within a column are not significantly 
different each year at 5% level according to LSD test. 

# Values followed by the same upper case letter within a row are not significantly 
different each year at 5% level according to LSD test. co 

co 
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relatively lower in DPL-90 (50%) in 1984 Cfable 13). Although the 

reduction percentages were lower for all genotypes in 1985, the trend 

was similar in that Pima S-6 and Cluster Selection genotypes had again 

the highest reduction percentages (51 and 48%, respectively) while DPL-

90 had the lowest reduction percentage (36%). The results were in 

agreement with those reported by Rao and Weaver (1976); Ibragimov 

(1980). This can be interpreted to mean that when grown under low 

planting density, DPL-90 had the ability to produce more leaf area than 

either Pima S-6 or Cluster Selection. The pattern of LAI paralleled 

the pattern of total dry weight which indicated the intimate 

associ at i on between LAI and dry matter accumul at i on as suggested by 

Shrotriya and Misra (1977). 

Plant age increased LAI significantly regardless of genotype, 

planting density, or season. The percentage increase reached at the 

last sampling date in 1984 was 104, 85, and 60% for Pima S-6, Cluster 

Selection and DPL-90, respectively in the high planting density 

treatment, and 148, 95, and 57% for Pima S-6, Cluster Selection and 

DPL-90, respectively in the low planting density treatment. In 

1985, however, Pima S-6 had again the highest percentage increase 

(268%) in the high planting density treatment while DPL-90 had the 

highest increase in the low planting density (508%). In both seasons, 

the percentage increase in LAI for all genotypes was higher in the low 

planting density treatment than in the high planting density treatment 

except for DPL-90 in 1984 where both planting density treatments gave 

nearly similar percentage increases. This might be interpreted to mean 

that low planting density treatment delays senescence slightly and that 
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LAI remains in the stationary phase longer than in the high planting 

density treatment due probably to better illumination and less plant 

competition. 

Petiole Nitrate-Nitrogen Concentration 

Petiole nitrate-nitrogen concentrations on whole plant basis 

were determi ned for the three genotypes under both the hi gh and low 

planting density treatments (Fig. 16). the maximum nitrate-nitrogen 

concentration was reached 77 days after planting with Cluster Selection 

and DPL-90 having the highest concentrations (17.1 and 17.5 g kg-I, 

respectively) in the high planting density treatment in 1984 (Fig. 

16c). In the low planting density treatment (1984), DPL-90 had the 

highest concentration (21.1 g kg-I), while Pima S-6 had the lowest 

concentration (8.6 g kg- l )(Fig. 16d). The concentration declined 

sharply thereafter, remained stable for nearly 10 days, and then 

increased slightly by the end of the sampling period. The trend was 

different, however, in 1985, where the maximum nitrate-nitrogen 

concentration was reached 97 days after planting with DPL-90 and 

Cluster Selection having the highest concentrations (16.6 and 15.1 g 

kg-I, respectively) in the high planting density treatment (Fig. 16a), 

and again the highest concentrations (16.3 and 16.3 g kg-I, 

respectively) in the low planting density treatment (Fig. 16b). The 

concentration remained constant for nearly 10 days and then decl ined 

thereafter. 

Data in Figure 16 show that petiole nitrate-nitrogen reached its 

lowest concentration 97 days after planting in 1984. However, the 

lowest concentration of petiole nitrate-nitrogen occurred at the end of 
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Figure 16.Seasonal mean responses for petiole nitrate-nitrogen 
concentration as affected by plant age of the three cotton 
genotypes grown under high and low planting densities in 1984 
and 1985. 
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the sampling period (117 days after planting) in 1985. These data 

indicate that rapid decline in petiole nitrate-nitrogen concentration 

coincided with sharp decline in leaf area ratio as a result of a 

senescence and shedding of leaves. 

The results obtained in 1985 are consistent with earlier 

findings of Basinski et al. (1975), who found that maximum nitrate

nitrogen concentration declined progressively mainly as a result of 

shedding of leaves. 

The fact that petiole nitrate-nitrogen concentration declines 

progressively as plant ages, has been reported by many authors (Barker 

et al., 1971; Woon, 1978; Robson and Parsons, 1978; Jenkins et al., 

1981). However, while our results (Fig. 16) agreed with these 

reports, they also indicated that different genotypes responded 

differently according to shedding of different plant parts. 

The seasonal variation observed in petiole nitrate-nitrogen 

concentration is consistent with that reported for cotton by Woon 

(1978), who found that these variations are controll ing factors in 

vegetative phase of growth; therefore, more nitrate-nitrogen is needed 

in the early season to produce a good plant structure. In our results, 

we observed that the maximum petiole nitrate-nitrogen concentration in 

1984 was obtained 20 days earlier than in 1985. This might be due to 

the fact that the maximum vegetative growth was attained earlier in 

1984 which resulted in a sharp decl ine in petiole nitrate-nitrogen 

concentration at the third sampling date, 97 days after planting. 

Analysis of variance detected differences among the three 

genotypes for this characteristic in both seasons (Appendix C.6). 
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However, planting density did not affect this characteristic for all 

genotypes in both seasons. Plant age, and genotype x plant age 

interaction were highly significant in both seasons, indicating that 

nitrate-nitrogen concentration in cotton plants did not follow the same 

trend of dec 1 i ne and increase in the three genotypes as plants grow 

older. 

Low planting density treatment did not lead to significantly 

higher concentrations in both seasons (Table 14). One explanation 

might be interpreted to mean that low planting density treatment had 

higher leaf area values than high planting density treatment which 

might be the primary reason for similar utilization of nitrate-nitrogen 

in cotton plants. 

Plant age decreased petiole nitrate-nitrogen concentration 

signi fi cantly regardl ess of genotype, pl anti ng density treatment, or 

season. However, the relationship between plant age and petiole 

nitrate-nitrogen concentration was not linear with plant age, and it 

appeared to be a "curvilinear function." In our results, we found that 

the percentage decline reached at the last sampling date in 1984 was 

65, 64, and 58% for DPL-90, Cluster Selection and Pima S-6, respec

tively in the high planting density treatment, and 71, 61, and 64% for 

DPL-90, Cluster Selection and Pima S-6, respectively in the low 

planting density treatment. The percentage decline, however, was 

smaller in 1985, with Cluster Selection having the least reduction 

percentages (10 and 7% for the high and low planting density treat

ments, respectively). Pima S-6 had the highest reduction percentage 

(52%) in the high planting density treatment while DPL-90 had the 



Table 14. 

Genotype 

Pima S-6 

Cluster 
Selection 

DPL-90 

Pima S-6 

Cluster 
Selection 

DPL-90 

Meean separation of petiole nitrate-nitrogen concentration at different 
plant ages of the three cotton genotypes grown under high and low planting 
densities in 1984 and 1985. 

Planting 
Density -~-----------------Plant Age (Days after Planting)-----------------
Level 77 87· 97 107 117 

-----------------Petiole Nitrate-Nitrogen (g kg- l )-----------------
1984 

High 8.05a*A# 3.68a B .49a C .76a C 3.37a B 
Low 8.61a A 4.17a B .44a C .69a CD 3.09a BD 

High 17 .07b A 7.84b B .87a C 1.50a C 6.17a B 
Low 15.16b A 8.89b B .79a C 1.44a C 5.93a D 

High 17 .46b A 8.19b B .83a C 1.38a C 6.09a B 
Low 21.15c A 7.89b B .87a C 1.38a C 6.21a B 

1985 
High 8.73a*A# S.OOa B 10.96a A 9.91a A 4.22a B 
Low 7.93a AB 4.43a C 1l.49a D 9.27a B D 5.44a BC 

High 10.34a A 7.46a B IS.07b C 13.43b C 9.31b AB 
Low 10.S4a A 9.74a A 16.27b B 13.20b C 9.81b A 

High 14.90b BC 12.5gb AB 16.58b C 15.50b C 10.94b A 
Low 15.35b BC 13.45b B 16.25b C 15.10b BC 8.96b A 

* Values followed by the same lower case letter within a column are not significantly 
different each year at 5% level according to LSD test. 

# Values followed by the same upper case letter within a row are not significantly 
different each year at 5% level according to LSD test. 

\0 
~ 
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highest reduction percentage (42%) in the low planting density 

treatment. The results indicate that Cluster Selection and DPL-90 

utilized nitrate-nitrogen more efficiently than Pima S-6 in the high 

planting density treatment (1984) due mainly to the development of 

higher leaf area ratio early in the season. The low util ization of 

nitrate-nitrogen in 1985 for all genotypes was due mainly to reduced 

leaf area ratio because dry and hot conditions prevailed during this 

season. 

Leaf Area Ratio 

Peak leaf area ratios were attained 77 days after planting in 

1984. It then declined steadily the rest of the sampling period for 

all genotypes in both planting density treatments (Fig. 17c,d). 

However, peak leaf area ratios were attained 97 days after 

planting for all genotypes in both planting density treatments in 1985 

(Fig. 17a,b). 

Regardless of seasonal variation observed, the results indicated 

that proportionately less of the accumulating dry matter was expressed 

as 1 eaf area as the season progressed. These results are cons i stent 

with those reported recently by Clawson, et al. (1986), who found that 

leaf area ratio of soybean plants increased from the initial sampling 

date to peak 35 days after emergence, and then declined the rest of the 

season. 

When the genotypes in this study were compared with each other 

for both petiole nitrate-nitrogen concentration and leaf area ratio, jt 

peak leaf area ratios are paralleled with peak petiole nitrate-nitrogen 

concentrations. This was supported by Bhat, et al. (1979), who 
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Figure 17. Seasonal mean responses for leaf area ratio as affected by 
plant age of the three cotton genotypes grown under high and 
low planting densities in 1984 and 1985. 
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reported that with increasing nitrate concentration in rape plant 

tissues, 1 eaf area ratio increased. However, values of these growth 

parameters decreased with plant age. The results might be interpreted 

to mean that fert il i zers in the form of ni trate-nitrogen shoul d be 

applied early in the season to produce higher leaf area ratios during 

the vegetat i ve phase of growth. They also i nd i cate that plants with 

high leaf area ratio, especially during the juvenile stage will have 

strong competitive position as suggested earlier by Jarvis and Jarvis 

(1964) and Gardner et al. (1985) who reported that it would be 

advantageous for a plant to put a 1 arge proport i on of its photo

synthetic products into leaf production during early growth to grow at 

a faster rate before senescing process takes place. 

Analysis of variance failed to detect any difference among 

genotypes (Appendix C.?). Low planting density did not affect this 

characteristic for all genotypes in both seasons. Pl ant age and 

genotype x plant age interaction were highly significant in both 

seasons, indicating that leaf area ratio did not follow the same trend 

of decline as plant ages in the three genotypes. 

Low planting density treatment did not lead to significantly 

higher leaf area ratio values in both seasons (Table 15). However, 

there was a trend for low planting density treatment to have higher 

values during the first sampl ing date in 1984. This trend was not 

consistent in 1985 probably due to less soil moisture during this· 

season which resulted in less leaf area ratio in both planting density 

treatments. 



Table IS. 

Genotype 

Pima S-6 

Cluster 
Selection 

DPL-90 

Pima S-6 

Cluster 
Selection 

DPL-90 

Mean separation of leaf area ratio at different plant ages of the three 
cotton genotypes grown under high and low planting densities in 1984 and 
1985. 

Planting 
Density -------------------Plant Age (Days after Planting)-----------------
Level 77 87 97 107 117 

------------------Leaf Area Ratio (m2kg- 1)-------------------------
1984 

High 9.32a*A# 6.S6a B 5.96a B 5.52a B 5.53a B 
Low II. 20a A 6.73a B 5.90a B 5.71a B 5.41a B 

High 11.66a °A 6.43a B 5.90a BC 6.26a B 4.23a C 
Low 13.23a A 7.S3a B S.20a C 5.40a C 4.83a C 

High 11.53a A 5.7Sa B 4.84a B 4.92a B 4.78a B 
Low 13.16aA 6.42a B 4.92a B S.70a B 4.89a B 

1985 
High 6.89a*A# 6.72a A 6.88a A 6.23a A 4.72a B 
Low 6.78a A 6.68a A 7.04a A 6.73a A 4.98a B 

High 6.ISa A 6.27a A 6.93a A 6.70a A 4.42a B 
Low 6.17a A 6.81a A 6.S0a A 6.S0a A S.71a A 

High 6.39a ABC 7.29a A 7.3Sa A S.59a BC 4.S6a C 
Low 6.38a AB 7.02a A 6.73a A S.S7a B 4.21a C 

* Values followed by the same lower case letter within a column are not significantly 
different each year at 5% level according to LSD test. 

# Values followed by the same upper case letter within a row are not significantly 
different each year at S% level according to LSD test. 

U) 

ex> 
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Plant age decreased leaf area ratio significantly regardless of 

genotype, planting density treatment, or season. The relative 

percentage reductions in leaf area ratio at the last sampling date were 

found to be higher for Cluster Selection (64 and 63% for the high and 

low planting density treatment, respectively) and less for Pima S-6 (41 

and 52% for the high and low planting density treatments, respectively) 

in 1984. In 1985, however, percentage reductions in the high planting 

density treatment were almost similar. being 31, 28, and 29% for Pima 

S-6, Cluster Selection, and DPL-90, respectively. However, DPL-90 

had the highest reduction (34%) while Cluster Selection had the 

least reduction (8%) in the low planting density treatment. 

The decline of leaf area ratio in 1984 started after the first 

sampling date, but then remained relatively stable throughout the 

sampling period for all genotypes in both planting density treatments. 

In 1985, however, the pattern of decline was reversed in that leaf area 

ratio remained stable during the first four sampling dates and started 

to decrease by the last sampling date. These results indicate that 

leaf area ratio decreased as a curvilinear function of plant age as 

suggested by Lopes and Maestri (1973), and it is highly probable that 

leaf area ratio is influenced by the petiole nitrate-nitrogen 

concentration and prevailing environmental conditions at any particular 

season. 

Specific Leaf Weight 

Specific leaf weight (SLW) on whole plant basis for the three 

genotypes under both the high and low planting density treatments was 

measured in both seasons (Fig. 18). At the high planting density 
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Figure l8.Seasonal mean responses for specific leaf weight as affected 
by plant age of the three cotton genotypes grown under high 
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treatment (1984), Pima S-6 had the highest SLW at the beginning of the 

sampling period (.049 kg m- 2); then Cluster Selection and DPL-90 

exceeded Pima S-6 reaching final values of .063 and .060 kg m- 2, 

respectively by the last sampling date (Fig. 18c). The peak SLW values 

was reached 87 days after planting for all genotypes; however, beyond 

this peak, SLW remained stable throughout the sampling period in Pima 

S-6, while remained stable for 10 days only, decreased slightly, and 

increased again by the last sampling date in Cluster Selection and DPL-

90. At the low planting density treatment Pima S-6, had again the 

highest SLW at the beginning of the sampling period, attained its 

maximum 87 days after planting, but then declined steadily toward the 

end of the sampl i ng peri od. The same trend was observed for DPL-90 

although the increase in SLW was higher by the last sampling date. 

However, Cluster Selection attained its maximum 97 days after planting, 

decreased for the next 10 days and then increased by the last sampling 

date (Fig. 18d). 

In 1985, however, the trend was different in that peak SLW was 

attained 77 days after planting in both planting density treatments, 

and declined progressively thereafter for the next 20 days but 

increased again for the last 20 days of the sampling period (Fig. 

18a,b). In both planting density treatments, DPL-90 had the highest 

SLW at the first sampling date (.080 and .078 kg m- 1 for the high and 

low planting density treatment, respectively.) At the low planting 

density treatment (1985), DPL-90 had again the highest SLW towards the 

end of the sampling period (Fig. 18b). 
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By comparing the pattern of SLW development in both seasons, it 

appeared that variation at any sampling date within a season is small 

relative to the seasonal variation. The sharp decline in SLW during 

the first sampl ing date in 1984, might have been due to improved 

environmental conditions and/or delayed senescence. These results are 

consistent with the recent findings reported by Marini and Barden 

(1982), and are in agreement with the suggestion that maximum SLW was 

significantly affected by season (Lugg and Sinclair, 1979). 

The SLW values were higher for 1985 at both planting density 

treatments during the first sampling period for all genotypes (Fig. 

18). This was the reverse for leaf area which had lower values during 

the same sampling date in the same season. This might be interpreted 

to mean that when leaf area is reduced by adverse environmental 

conditions, SLW will increase to the extent that it will not be 

advantageous to fruit production. 

Analysis of variance failed to detect any significant 

differences among the three genotypes for this characteristic in 1984, 

but detected highly significant differences in 1985 (Appendix C.8). 

Planting density treatment did not affect SLW in both seasons. 

However, plant age and genotype x plant age interact i on were highly 

significant in both seasons (Appendix C.8), indicating that SLW did not 

follow the same trend in the three genotypes as plant age. 

Low pl ant i ng dens ity treatment had no affect on SLW in both 

seasons; however, Pima S-6 in the first three sampling dates in both 

seasons and DPL-90 in the last three sampling dates in 1985 tended to 

have higher SLW in the low than the high planting density treatment 
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(Table 16). The genotypes displayed variable results in 1985 in that 

DPL-90 had significantly higher SLW in the first sampl ing date, and 

again in the forth sampling date in both planting density treatments; 

but at the third sampling date, Cluster Selection had significantly 

higher SLW in the low planting density treatment than DPL-90 or Pima S-

6 in the high planting density treatment (Table 16). These results can 

be interpreted to mean that SLW might not be used indirectly to select 

for higher fruit production in cotton plants since the increase in this 

characteristic occurred mostly in the low planting density treatment 

which resulted in reduced fruit production. 

Plant age increased SLW significantly during the second sampling 

date, remained stable thereafter for all genotypes in both planting 

density treatments in 1984. In 1985, however, pl ant age caused a 

decrease in specific leaf weight during the second sampl ing date for 

all genotypes in both planting density treatments; increased again by 

the last sampling date when plants were 117 days old for all genotypes. 

The results indicate that regardless of season or planting density 

treatment imposed, plant age caused an increase in SLW towards the end 

of the season when all other characteristics are decreasing which might 

suggest that SLW might not be used as a selection criteria for higher 

fruit production. 

Correlation Estimates 

The "Pearson" procedure was applied as a valuable tool in 

calculating the association between the various physiological 

characteristics studied in both the high and low planting density 



Table 16. Mean separation of specific leaf weight at different plant ages of the 
three cotton genotypes grown under high and low planting densities in 1984 
and 1985. 

Planting 
Genotype Density -------------------Plant Age (Days after Planting)-----------------

Level 77 87 97 107 117 
-------------------Specific Leaf Weight (kg m- 2)-------------------

1984 
Pima S-6 High .049a*A# .060a B .059a B .057a B .055a AB 

Low .053a A .062a B .060a AB .056a AB .054a A 

Cluster High .043a A .066a B .063a BC .057a C .063a BC 
Selection Low .043a A .058a B .064a B .058a B .061a B 

DPL-90 High .042a A .065a B .065a B .059a B .060a B 
Low .036a A .063a B .061a B .057a B .058a B 

1985 
Pima S-6 High .069a*A# .064a B .056abc C .059ab C .068a AB 

Low .071a A .066a B .060abd C .058ab C .066a B 

Cluster High .074b A .067a B .060bd C .057a C .067a B 
Selection Low .074b A .063a B .062d B .057a C .063a B 

DPL-90 High .080c A .064a BC .053c D .063b C E .068a B 
Low .078c A .063a B .060bd B .063b B .074a A 

* Values followed by the same lower case letter within a column are not significantly 
different each year at 5% level according to LSD test. 

# Values followed by the same upper case letter within a row are not significantly 
different each year at 5% level according to LSD test. ~ 

~ 
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treatments for both seasons and to determine their relationship with 

fruit production. 

Except for specific leaf weight in the low planting density 

treatment, all of the other parameters demonstrated highly significant 

correlations at .01 and .001 levels in 1984 (Table 17). The same trend 

was observed in 1985 with greater values in the low planting density 

treatment; however, petiole nitrate-nitrogen concentration and specific 

leaf weight were not significantly correlated to fruit production in 

both planting density treatments (Table 18). In both seasons, total 

dry weight (g m- 2), fruiting index, and leaf area index (m2m- 2) were 

directly related to fruit production (g m- 2), while petiole nitrate

nitrogen concentration (g kg-I) and leaf area ratio (m2 kg-I) were 

inversely related. 

In both seasons, petiole nitrate-nitrogen concentration and leaf 

area ratio were inversely related with all other physiological 

characteristics (Tables 17 and 18), but the relationship between these 

two physiological characteristics was positive. The inverse relation

shi p between pet iol e nitrate-nitrogen con cent rat i on and other physi 0-

logical characteristics might indicate that any increases in nitrogen 

status in the plant during the fruiting phase will result in a higher 

amount of dry weight expressed as 1 eaves that will compete strongly 

with fruits for assimilates. 

Specific leaf weight showed variable results in that ~t 

correlated positively with total dry weight and fruiting index in both 

planting density treatments; but, it correlated positively with fruit 

dry weight in the high planting density treatment only, and correlated 



Table 17. Pearson correlation coefficients for the plant physiological characteristics of the three 
cotton genotypes grown under high and low planting densities, 1984. 

1 2 3 4 5 6 7 
Petiole Leaf Leaf Specific 

Fruit Dry Total Dry Fruiting Nitrate- Area Area Leaf 
Plant Weight Weight Index Nitrogen Index Ratio Weight 

---'~=-:----I.(..;:1..~F...!!!~~~) (~T~~~) (FI) (p(!'~~~i~) (~~~!~) . (~~~:h) (~~L~~21 Density 
Level 

1 FDW High 
Low 

2 TOW High .9415*** 
Low .8870*** 

3 Fl High .7879*** .6855*** 
Low .8389*** .6571*** 

4 Pet. High -.4257** -.5233** 
N03-N Low -.4768** -.5117** 

5 LAI High .6807*** .8447*** 
Low .7605*** .8510*** 

6 LAR High -.6439*** -.6505*** 
Low -.5173** -.5638** 

7 SLW High .3282* .3338* 
Low .2054NS .2665* 

NS = Not significant 
* = Significant at 0.05 level 

** = Significant at 0.01 level 
*** = Significant at 0.001 level 

-.4849** 
-.5006** 

.3544* -.3905* 

.4759** -.2812* 

-.6828*** .7369*** -.2608* 
-.5210** .7572*** -.1781NS 

.3838* -.5988** -.0084NS -.8340*** 

.3102* -.5949** -.0967NS -.7852*** 

...... 
a 
0'1 



Table 18. Pearson correlation coefficients for the plant physiological characteristics of the three 
cotton genotypes grown under high and low planting densities, 1985. 

1 2 

Fruit Dry Total Dry 
Plant Weight Weight 
Density (FDW~ (TDW~ 
Level {g m- } {g m- } 

1 FDW High 
Low 

2 TDW High .8906*** 
Low .9302*** 

3 Fl High .8380*** .5505** 
Low .9142*** .7755*** 

4 Pet. High -.0967NS .0345NS 
N03-N Low - . 1163NS -.1195NS 

5 LA! High .6539*** .9019*** 
Low .8183*** .9480*** 

6 LAR High -.6166*** -.3928** 
Low -.7276*** -.6507*** 

7 SLW High .0723NS - .3116* 
Low -.0965NS -.188lNS 

NS = Not significant 
* = Significant at 0.05 level 

** = Significant at 0.01 level 
*** = Significant at 0.001 level 

3 4 5 6 7 
Petiole Leaf Leaf Specific 

Fruiting Nitrate- Area Area Leaf 
Index Nitrogen Index Ratio Weight 
(FI) (Pet. N03iN) (~AI~ (~AR) (SLW) 

{g kg- } {m m- } {m kg-I} {kg m- 21 

-.2301NS 
-.0881NS 

.2740* .2152NS 

.6803*** -.0430NS 

-.6634*** .3993* -.0081NS 
-.6464*** .2535* -.4141** 

.0493NS -.3176* -.6007*** -.5746** 
-.2222NS -.1841NS -.4217** -.4122** 

....... 
C> 
~ 
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negatively with petiole nitrate-nitrogen and leaf area ratio in both 

planting density treatments in 1984 (Table 17). However, in 1985 

specific leaf weight had no correlation with fruit dry weight or 

fruiting index in both planting density treatments; but demonstrated 

negative correlation with leaf area index and leaf area ratio in both 

planting density treatments, and negative correlation with petiole 

ni trate-ni trogen in the high pl ant i ng densi ty treatment only (Tabl e 

18). These variable results might be interpreted to mean that changes 

in specific leaf weight of cotton plants will not be a good indicator 

of selection for high fruit production in cotton plants since changes 

in this characteristic were found to be highly influenced by vagaries 

of the environment. The inverse relationship between specific leaf 

weight and leaf area ratio in both planting density treatments in both 

seasons might suggest that specific leaf weight of cotton leaves were 

found to increase wi th a decrease in the 1 eaf area rat i 0 wi th the 

advancement of growth in both planting density treatments; however, 

this inverse relationship was more pronounced in the high than in the 

low planting density treatment. 

The fact that fru it i ng index showed high sign i fi cant corre 1 a

tions at the 0.01 and .001 levels with all parameters except for a low 

and non significant correlations with specific leaf weight in both 

planting density treatments (1984), and also for a non significant 

correlation with petiole nitrate-nitrogen concentration and specific 

leaf weight in both planting density treatments in 1985, suggest that 

this characteristic might be a good indicator of fruit efficiency in 

cotton plants. This observation is supported by an earlier indication 



109 

of the importance of this characteristic in plant fruit production 

evaluation (White and Kohel, 1964; Karami and Weaver, 1980). 

The highly significant positive correlation between total dry 

weight and fruit dry weight indicates that fruit production depends on 

the dry matter accumulation within the plant before sequential aging as 

suggested by Tollervey (1970). However, the significant negative 

correlation between leaf area ratio, petiole nitrate-nitrogen and total 

dry weight might suggest that increases in leaf area ratio or nitrate

nitrogen late in the season will suppress fruit production that will 

lead to less total dry weight. The significant positive correlation 

between the specific leaf weight and total dry weight in the high 

planting density treatment in both seasons indicates that rate of 

increase in leaf weight is associated with increases in dry matter 

production. 

Estimation of The Explained Variation 

To estimate the contribution of the different physiological 

characteri st i cs studi ed to the frui t production and providi ng useful 

information about the variability due to these physiological 

characteristics, multiple regression analyses were performed for fruit 

dry weight data in both the high and low planting density treatments in 

both seasons. The results are shown in Tables 19 and 20. The 

regressions were performed in a step wise manner, incorporating 

variables into the equation in order of their power to increase the 

explained variation. 

Total dry weight was the first variable incorporated in both 

planting density treatments i~ 1984, and accounted for an increase in 
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Table 19. Multiple regression for fruit production of the three cotton 
genotypes grown under high and low planting densities in 
1984. 

Independent Multiple r2 r2 B S.E.B. 
Variable r Change 

High Planting Density: Y = 184.75 (g m- 21 

Total dry weight .9415 .8864 .8864 .433 .020 
Leaf area index .9655 .9322 .0458 -41. 558 6.696 
Leaf area ratio .9782 .9569 .0247 19.339 3.417 
Fruiting index .9827 .9657 .0088 123.886 32.997 
Leaf area .9830 .9663 .0006 33.332 33.304 
Specific leaf 

weight .9830 .9664 .0001 350.004 1030.999 
Nitrate-nitrogen .9831 .9964 .0000 0.265 1.376 
(Constant) -254.386 99.342 

Low Planting Density: Y = 79.25 (g m- 21 

Total dry weight .8870 .7867 
Fruiting index .9498 .9022 
Specific leaf 

weight .9548 .9116 
Leaf area .9557 .9134 
Leaf area index .9604 .9224 
Leaf area ratio .9605 .9226 
Nitrate-n itrogen .9607 .9230 
(Constant) 

Y = Mean response 

r = Correlation coefficient 

B = Slope of regression line 

S.E.B. = Standard error of B 

.7867 .409 

.1155 130.415 

.0094 -675.568 

.0018 -14.541 

.0090 36.751 

.0002 -0.738 

.0004 0.358 
11. 630 

SIG = Significance of F for the variable indicated 

.028 
15.903 

276.615 
13.661 
4.691 
1.823 
0.658 

37.768 

SIG 

.000 

.000 

.000 

.000 

.321 

.736 

.848 

.013 

.000 

.000 

.018 

.292 

.015 

.687 

.589 

.759 



111 

Table 20. Multiple regression for fruit production of the three cotton 
genotypes grown under high and low plant i ng dens it i es in 
1985. 

Independent Multiple r2 r2 B S.E.B. 
Variable r Change 

High Planting Density: Y = 127.417 (g m- 21 

Total dry weight .8906 .7931 .7931 0.296 .020 
Fru it i ng index .9832 .9666 .1735 336.160 19.532 
Leaf area index .9896 .9793 .0127 -19.884 3.391 
Leaf area ratio .9926 .9853 .0060 16.319 3.439 
Specific leaf 

weight .9944 .9888 .0034 1566.938 385.443 
Nitrate-nitrogen .9946 .9891 .0004 0.579 0.435 
Leaf area .9947 .9895 .0004 -21. 000 15.611 
(Constant) -292.353 44.935 

Low Planting Density: Y = 55.383 (g m- 21 

Total dry weight .9302 .8652 
Fruiting index .9791 .9586 
Leaf area index .9865 .9732 
Leaf area ratio .9876 .9753 
Specific leaf 

weight .9886 .9774 
Leaf area .9889 .9779 
Nitrate-nitrogen .9891 .9784 
(Constant) 

Y = Mean response 

r = Correlation coefficient 

B = Slope of regression line 

S.E.B. = Standard error of B 

.8652 0.327 

.0934 187.732 

.0146 -28.345 

.0021 6.932 

.0021 775.042 

.0005 -10.436 

.0005 0.325 
143.516 

SIG = Significance of F for the variable indicated 

0.017 
16.567 
5.128 
3.220 

345.903 
9.168 
0.307 

38.693 

SIG 

.000 

.000 

.000 

.000 

.000 

.189 

.184 

.000 

.000 

.000 

.000 

.036 

.029 

.260 

.295 

.001 
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the explained variation of .8864 and .7864 for the high and low 

planting density treatments, respectively (Table 19). Leaf area index 

showed a high significance; though it ranked second in the high 

planting density and fifth in the low planting density, it added .0458 

and .0090, respectively, to the explained variation. Fruiting index 

showed a high significance in" both planting density treatments; 

however, while it ranked second in the low planting density treatment 

and added .1155, it ranked fourth in the high planting density 

treatment and added only .0088 to the explained variation. 

Specific leaf weight showed high significance only in the low 

planting density treatment and added only .0094 to the explained 

variation; however, leaf area ratio showed high significance only in 

the high planting density treatment and added only .0247 to the 

explained variation. Leaf area and petiole nitrate-nitrogen 

concentration added so little to the explained variation and were not 

significant in both planting density treatments. 

In 1985, the results were consistent in that total dry weight, 

fruiting index, and leaf area index were the first, second and third 

variables incorporated in the equation, respectively, for fruit 

prediction in both planting density treatments (Table 20). They showed 

high significance and added together .9793 and .9732 to the explained 

variation in the high and low planting density treatments, respectively 

(Table 20). Total dry weight had again the highest contribution (.7931 

and .8652 for the high and low planting density treatments, respec

tively) to the expalained variation. 



113 

Although, leaf area ratio and specific leaf weight showed high 

significance in the high planting density treatment, they added 

together only .0094 and .0042 to the explained variation in the high 

and low planting density treatments, respectively. Leaf area and 

petiole nitrate-nitrogen concentration were not significant in both 

planting density treatments (Table 20). 

Results in 1984 which experienced wet and cooler conditions, 

indicate that total dry weight, leaf area index and leaf area ratio 

might present a potential to rely on as a screening method for higher 

fruit production in high planting density treatment, while fruiting 

index and specific leaf weight in the low planting density treatment; 

however, the 1 ater characteri st i c had small r2 change in that the 

contribution to the explained variation is very small. 

The trend in 1985 which experienced dry and hot conditions, was 

almost reversed in that the contribution of total dry weight, leaf area 

index were higher in the low planting density treatment, while fruiting 

index and specific leaf weight in the high planting density treatment. 

The higher contribution of leaf area ratio was still in the high 

planting density treatment regardless of seasonal variation (Table 20). 

When the physiological characteristics have been included in the 

equation without considering the planting density effect to investigate 

the seasonal variation, total dry weight, fruiting index, and leaf area 

index were found to be the most important variables incorporated for 

fruit prediction in both seasons, and accounted together for an 

increase in the explained variation of .9338 and .9730 for 1984 and 

1985 seasons, respectively (Table 21). However, total dry weight and 
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Table 21. multiple regression for fruit production of the three cotton 
genotypes averaged over planting density treatments in 1984 
and 1985. 

Independent Multiple r2 r2 B 
Variable r Change 

1984: Y = 132.0 

Total dry weight .9264 .8582 .8582 
Fruiting index .9582 .9181 .0598 
Leaf area index .9663 .9338 .0157 
Leaf area ratio .9737 .9480 .0143 
Specific leaf 

weight .9745 .9497 .0016 
Leaf area .9747 .9504 .0007 
Nitrate-nitrogen .9752 .9510 .0006 
(Constant) 

1985: Y = 91.40 

Total dry weight .9066 .8220 
Fru it i ng index .9767 .9539 
Leaf area index .9864 .9730 
Leaf area ratio .9897 .9794 
Specific leaf 

weight .9913 .9826 
Leaf area .9918 .9836 
Nitrate-nitrogen .9920 .9840 
(Constant) 

Y = Mean response 

r = Correlation coefficient 

B = Slope of regression line 

S.E.B. = Standard error of B 

.8220 

.1319 

.0191 

.0064 

.0032 

.0009 

.0004 

0.371 
169.057 
-27.578 

8.349 

-1018.464 
12.972 
0.885 

-48.972 

0.279 
260.758 
-25.955 
15.285 

1216.131 
-10.550 

0.523 
-227.015 

SIG = Significance of F for the variable indicated 

S. E.B. SIG 

0.014 .000 
18.290 .000 
5.260 .000 
1.486 .000 

527.699 .056 
10.300 .210 
0.758 .245 

46.690 .296 

0.012 .000 
14.250 .000 
2.863 .000 
2.559 .000 

264.552 .000 
4.152 .012 
0.303 .087 

33.307 .000 
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leaf area ratio had their higher contribution in 1984 which had wet and 

cooler weather conditions, while fruiting index, leaf area index, and 

specific leaf weight had their higher contribution in 1985 which 

experienced dry and hot weather conditions. In both seasons, petiole 

nitrate-nitrogen concentration showed no significance and accounted for 

negligible increase (.006 and .004 for 1984 and 1985, respectively) in 

the explained variation. Although leaf area showed significance in 

1984, it added only .0009 to the explained variation. 

The fact that pet i 01 e nitrate-nitrogen concentration showed no 

significance and contributed with negligible increase in the explained 

variation indicates that plants attain their higher level of nitrate

nitrogen concentrat i on earl yin the season duri ng vegetative growth, 

and the level declines with advancing growth stage and fruiting. 

A comparison between the regression analyses in both the high 

and low planting density treatments in each season, using beta weights, 

was performed to asses the relative importance of the variables between 

the two treatments. The results are shown in Tabl e 22. Results 

indicate that different characters showed different orders of their 

powers to increase the exp 1 a i ned vari at ion in 1984, except for tot a 1 

dry weight in 1985, which was the first variable incorporated in fruit 

prediction in both treatments. However, this character presented 

higher r2 in the low than in the high planting density treatment (Table 

20). 

When the regression analyses were compared in both seasons 

(Table 23), different characters showed similar orders of their powers 

to increase the explained variation with total dry weight, leaf area 
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Table 22. Comparison between the multiple regression analyses for the 
high and low planting density treatments (Beta weights) in 
1984 and 1985. 

High Low 
Variable Planting Rank Planting Rank 

Density Density 
1984 

Xl TOW 1.515 1 0.406 2 
X2 LAI -0.623 2 0.375 3 
X3 LAR 0.310 3 -0.062 6 
X4 FI 0.176 4 0.461 1 
X5 LA 0.054 5 -0.216 4 
X6 SLW 0.018 6 -0.084 5 
X7 N03-N 0.010 7 0.034 7 

1985 

Xl TOW 1.338 1 1.116 1 
X2 LAI -0.560 2 -0.386 3 
X3 FI 0.438 3 0.487 2 
X4 LAR 0.266 4 0.160 4 
X5 SLW 0.097 5 0.081 6 
X6 LA -0.068 6 0.090 5 
X7 N03-N 0.024 7 0.023 7 
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Table 23. Comparison between the multiple regression analyses for the 
1984 and 1985 seasons (Beta weights). 

Variable Season Rank Season Rank 
1984 1985 

Xl TDW 1.588 1 1.523 1 

X2 LAI -0.550 2 -0.747 2 

X3 FI 0.215 3 0.399 3 

X4 LAR 0.085 4 0.228 4 

X5 SLW -0.061 5 0.069 5 

X6 LA 0.036 6 -0.048 6 

X7 N03-N 0.041 7 0.022 7 
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index, and fruiting index being the first, second and third variables 

incorporated in both seasons. However , total dry weight presented 

higher r2 in 1984, while leaf area index and fruiting index presented 

higher r2 in 1985 (Table 21). Therefore, when the planting density 

effect has been removed, all characters demonstrated similar orders of 

their powers. However, except for total dry weight, the slope values 

for all physiological characteristics were higher in 1985 than in 1984. 

The results might indicate that the expression of these physiological 

characteristics will be affected by the environmental conditions 

preva i1 i ng from one season to another j however, the characteri st i cs 

might be used as a selection criteria for higher fruit production in 

seasons with dry and hot weather conditions. 



CHAPTER 5 

SUMMARY AND CONCLUSION 

Physiological characteristics measured on leaf and plant basis 

of three cotton (Gossypium barbadense L.) and (~ hirsutum L.), 

classified as normal and tip-clustering on sympodia basis, were 

evaluated over a 2-year period for their responses for leaf and plant 

aging under two planting density treatments. These physiological 

characteristics were also examined to evaluate their relationships and 

to determine their association with fruit production. 

The data showed that leaf age had pronounced reduction on leaf 

photosynthetic rates and petiole nitrate-nitrogen concentrations for 

all genotypes. However, senescent leaves (43 days old) of Cluster 

Selection had the l~ast reduction percentages in photosynthetic rates 

(71 and 66% for the high and low planting density treatments, 

respectively in 1984; 70 and 71% for the high and low planting density 

treatments, respectively in 1985). Reduction percentages in petiole 

nitrate-nitrogen concentration were found to be higher for Cluster 

Selection (86 and 85% for the high and low planting density treatments, 

respectively) in 1984. In 1985, however, Pima S-6 had the highest 

reduction percentage (86%) in the low planting density treatment, while 

Cl uster Sel ect i on had the 1 east percentage reductions (75 and 76% in 

the high and low planting density treatments, respectively. Specific 

leaf weights of Pima S-6 and Cluster Selection were not significantly 

119 
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a ffected by 1 eaf age; however, they tended to be s 1 i ght 1 y higher in 

senescent leaves. Specific leaf weight of DPL-90 was significantly 

affected by leaf age; nevertheless, it tended to be slightly lower in 

senescent leaves. Low planting density treatment had no effect on all 

leaf characteristics measured regardless of genotype or season. 

Combining data for all genotypes, regression analysis showed 

that photosynthetic rate was curvilinearly correlated witt'! leaf age. 

However, petiole nitrate-nitrogen concentration decreased linearly with 

i ncreas i ng 1 eaf age. Photosynthet i c rate genera 11 y increased 

curvil inearly with increasing petiole nitrate-nitrogen concentration. 

The results indicated that petiole nitrate-nitrogen concentrations 

decreased sharply after full leaf expansion. However, the sharp 

decreases in photosynthetic rates occurred when leaves reach the age of 

15 to 22 days regardless of genotype, or planting density treatment. 

Moreover, there was 1 ittle additional increase in photosynthetic rate 

as petiole nitrate-nitrogen concentration increased from 3.6 to 6 g kg-

1 regardless of genotype or planting density treatment. There was no 

significant correlation between leaf age, photosynthetic rate, or 

petiole nitrate-nitrogen concentration and specific leaf weight 

observed in this study. Regardless of seasonal variation, planting 

density treatment had slight effect on the association between 

photosynthetic rate and petiole nitrate-nitrogen concentration. 

Moreover, planting density treatment had no effect on the negative 

association between either photosynthetic rate or petiole nitrate-

nitrogen concentration and leaf age. The results suggested that leaf 
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aging did involve inevitable changes in leaf physiological character

istics regardless of genotype, or planting density. 

For all genotypes, in both seasons, total dry weight, fruit dry 

weight, fruiting index, leaf area, and leaf area index followed a 

common sigmoid pattern of increase with increased plant aging. 

However, a typical "rise and fall" aging pattern was observed for 

petiole nitrate-nitrogen concentration, specific leaf weight, and leaf 

area ratio as the plants aged. Total dry weight, fruit dry weight, and 

leaf area index were significantly reduced, while leaf area was 

significantly increased by low planting density treatment. The 

reductions were more pronounced in Pima S-6 and Cluster. Selection in 

both seasons. Petiole nitrate-nitrogen concentration, fruiting index, 

leaf area ratio, and specific leaf weight were not affected regardless 

of genotype or season. Fruiting index was not affected because of the 

parallel decreases in total dry weight and fruit dry weight in the low 

planting density treatment. On the other hand, petiole nitrate

nitrogen concentration and leaf area ratio were not affected because of 

higher leaf area produced by all genotypes in the low planting density 

treatment. For specifi c 1 eaf wei ght, different genotypes di spl ayed 

variable results regardless of the planting density treatment imposed, 

and it was found that this characteristic was highly influenced by 

environinent. 

DPL-90 showed the 1 east decrease by the end of the .sampl i ng 

period in total dry weight, fruit dry weight, and leaf area index under 

low planting density treatment (51, 49, and 50%, respectively in 1984; 

and 32, 36, and 36%, respectively in 1985), while Cluster Selection had 
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the highest percentage decrease (65, 64, and 59%, respectively in 1984; 

and 60, 71, and 48%, respectively in 1985). 

By the last sampling date, DPL-90 had significantly the highest 

percentage increase in leaf area under low planting density treatment 

in both seasons (48 and 89% for 1984 and 1985, respectively). Cluster 

Selection ranked the second (22 and 53% for 1984 and 1985, respec

tively), while Pima S-6 had the lowest percentage (1 and 45% for 1984 

and 1985, respectively). These higher increases in leaf area of DPL-90 

were paralleled by lower decreases in total dry weight, fruit dry 

weight, and leaf area index in the low planting density treatment, 

indicating that when grown under low planting density, DPL-90 will 

produce more favorabl e fruit product ion than either Cl uster Sel ect ion 

or Pima S-6. 

Reduction percentages in petiole nitrate-nitrogen concentration 

as plant ages were found to be higher for DPL-90 (65 and 71% for the 

high and low planting density treatments, respectively) and for Cluster 

Selection (65%) in the high planting density treatment in 1984. In 

1985, DPL-90 had again the highest reduction percentages (42%) in the 

low planting density treatment. The results indicated that higher 

petiole nitrate-nitrogen concentration reductions were paralleled by 

higher leaf area ratios produced by DPL-90 in the low planting density 

treatment in both seasons, and by Cluster Selection in the high 

planting density treatment in 1984. 

Plant age decreased leaf area ratio significantly regardless of 

genotype, planting density treatment, or season. However, percentage 

reductions were found to be higher in Cluster Selection and DPL-90 and 



123 

lower in Pima S-6 in both planting density treatments in 1984. Due to 

dry and hot conditions which prevailed in 1985, percentage reductions 

were almost similar in the high planting density treatment for all 

genotypes. However, DPL-90 had the highest reduction (34%), while 

Cluster Selection had the least reduction percentage (8%) in the low 

planting density treatment. On the other hand, plant age caused an 

increase in specific leaf weight for all genotypes in both planting 

density treatments toward the end of each season when all other 

characteristics are' decreasing. The results indicated that leaf 

thickness in cotton plants cannot be suggested as a selection criteria 

for higher fruit production because it may produce thicker leaves 

rather than improving fruit production. 

Analysis of variance detected significant differences among the 

three genotypes in leaf photosynthetic rates and petiole nitrate

nitrogen concentrations in both seasons. However, it failed to detect 

significant differences in specific leaf weights in 1985 due mainly to 

the fact that variation at any sampling date within a season is small 

relative to the seasonal variation, indicating high environmental 

influence upon this characteristic. Analysis of variance for different 

plant characteristics detected significant differences among the three 

genotypes in petiole nitrate-nitrogen concentration and fruiting index 

in both seasons, and in 1 eaf area index and specifi c 1 eaf wei ght in 

1985 only. However, analysis of variance failed to detect significant 

differences among the three genotypes in total dry weight, fruit dry 

weight, leaf area ratio in both seasons. 
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Except for specific leaf weight in the low planting density 

treatment, all other plant physiological characteristics demonstrated 

highly significant correlations with fruit production at .01 and .001 

levels in 1984. The same trend was observed in 1985 with greater 

values in the low planting density treatment. However, petiole 

nitrate-nitrogen concentration and specific leaf weight were not 

significantly correlated to fruit production in both planting density 

treatments. Specific leaf weight was inversely related to leaf area 

ratio at both planting density treatments in both seasons. However, it 

showed variable results with all other physiological characteristics 

due to planting density and seasonal effects. The results indicated 

that leaf thickness was a function of leaf area ratio in cotton plants, 

and i nfl uenced by the envi ronment. In both seasons, and under both 

planting density treatments, total dry weight, fruiting index, and leaf 

area index were directly related to fruit production, while petiole 

nitrate-nitrogen concentration and leaf area ratio were inversely 

related. 

Multiple regression analysis showed that the contribution of all 

plant physiological characteristics to fruit production was affected by 

planting density and seasonal variation. Leaf area ratio had the 

highest contribution in the high planting density treatment regardless 

of season a 1 vari at ion. Exc 1 ud i ng plant i ng dens ity effect, total dry 

weight, fruiting index and leaf area index were the most important 

variables incorporated for fruit prediction in both seasons, and 

accounted for an increase in the explained variation of .9338 and .9730 

for 1984 and 1985, respectively. The higher r2 values in 1985 
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indicated that these characteristics would be best expressed and used 

as a selection criteria for higher fruit production in seasons with dry 

and hot weather conditions. 

It was concl uded from these experiments that there was a good 

possibility of using Cluster Selection as a source for higher 

photosynthetic rate, more efficient nitrate-nitrogen .utilization, and 

better distribution of assimilates to plant parts of economic 

importance to produce favorable fruit production when grown under high 

planting densities in wet and cool weather conditions. On the other 

hand, DPL-90 can produce favorabl e fruit production when grown under 

low planting densities in dry and hot weather conditions. 

Specific leaf weight might not be used as a selection criteria 

for higher fruit production since it is highly influenced by the 

environment, and increases as leaf area ratio decreases at later stages 

of plant aging. 

Petiole nitrate-nitrogen concentration on a leaf basis might be 

used as a good indicator of photosynthetic capacity in cotton plants. 

Similarly, there was a possibility of using fruiting index as a measure 

of fruiting efficiency in cotton genotypes. 

Petiole nitrate-nitrogen concentration on whole plant basis was 

associated with leaf area ratio in cotton plants. Therefore, it was 

suggested that higher leaf area ratio is advantageous in cotton plants 

especially during early growth stages for better competitive position 

and better nitrate-nitrogen utilization in the high planting density 

treatments where plant competition is very high. Therefore, 

fertilizers in the form of nitrate-nitrogen should be applied early in 
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the season to produce higher leaf area ratio during the early growth to 

grow at a faster rate before the senescing process takes place. 

Planting density did not effect the aging pattern for all 

characteristics in all genotypes studied. However, low planting 

density treatment tended to have extended stationary phase of growth at 

late stages of plant aging, due mainly to less competition for 

intrinsic resources mostly required by plants during different stages 

of plant growth and development. 



APPENDIX A 

PHOTOGRAPH SHOWING THE NORMAL AND 
TIP-CLUSTERING COTTON GENOTYPES 

USED IN THIS STUDY 

127 



128 

(a) (b) 

(c) 

Appendix A. The sympodia producing genotypes, Pima S-6 (a) and DPL-90 
(b). Tip-clustering genotype, Cluster Selection (c) that 
does not produce sympodia. 
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Appendix B.l. Analysis of variance of apparent photosynthesis for the 
three cotton genotypes grown under high and low planting 
densities in 1984 and 1985. 

====================================================================== 
Source df Mean Square F-value P-value 

1984 

Block (8) 3 32.776 
Genotype(G) 2 215.639 5.255 .048* 
Error(a) 6 41.036 
Plant Density(PD) 1 20.158 1.749 .219NS 
G x PO 2 6.477 .562 . 589NS 
Error (b) 9 11. 525 
Leaf Age(LA) 6 718.800 108.739 .000*** 
G X LA 12 14.772 2.235 .015** 
PO X LA 6 9.310 1.408 .218NS 
G X PO X LA 12 1.150 0.174 .9986NS 
Error (c) 108 6.610 

1985 

B 3 6.754 
G 2 461. 278 94.992 .000*** 
Error(a) 6 4.856 
PO 1 0.124 0.068 .801NS 
G X PO 2 3.354 1.836 .2144NS 
Error (b) 9 1.827 
LA 6 871.684 336.797 .000*** 
G X LA 12 25.164 9.723 .000*** 
PO X LA 6 3.173 1.264 .280NS 
G X PO X LA 12 2.046 0.791 .659NS 
Error (c) 108 2.588 

====================================================================== 

N~ = Not significant at 0.05 level 

* = Significant at 0.05 level 

** = Highly significant at 0.01 level 

*** = Highly significant at 0.001 level 
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Appendix B.2. Analysis of variance of petiole nitrate-nitrogen 
concentration for the three cotton genotypes grown under 
high and low planting densities in 1984 and 1985. 

====================================================================== 
Source df Mean Square F-value P-value 

1984 

Block (B) 3 0.006 
Genotype(G) 2 2.411 524.363 .000*** 
Error (a) 6 0.005 
Plant Oensity(PO) 1 0.001 0.387 .5494NS 
G x PO 2 0.003 0.801 .4786NS 
Error (b) 9 0.004 
Leaf Age(LA) 6 66.004 32851.881 .000*** 
G X LA 12 2.477 1233.046 .000*** 
PO X LA 6 0.012 5.707 .000*** 
G X PO X LA 12 0.003 1.581 .1263NS 
Error (c) 108 0.002 

1985 

B 3 0.107 
G 2 1.935 3.978 .048* 
Error (a) 6 0.486 
PO 1 0.428 0.828 .368NS 
G X PO 2 1.888 3.658 .069NS 
Error (b) 9 0.517 
LA 6 52.507 195.407 .000*** 
G X LA 12 1. 513 5.629 .000*** 
PO X LA 6 0.169 0.631 .705NS 
G X PO X LA 12 0.298 1.109 .361NS 
Error (c) 108 0.269 

====================================================================== 

NS = Not significant at 0.05 level 

* = Significant at 0.005 level 

*** = Highly significant at 0.001 level 
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Appendix B.3. Analysis of variance of specific leaf weight for the 
three cotton genotypes grown under high and low planting 
densities in 1985. 

====================================================================== 
Source df Mean Square F-value P-value 

Block (B) 3 .003 
Genotype(G) 2 .010 1.918 .227NS 
Error (a) 6 .005 
Plant Oensity(PO) 1 .005 1.089 .324NS 
G x PO 2 .005 1.083 .379NS 
Error (b) 9 .005 
Leaf Age(LA) 6 .004 2.559 .024** 
G X LA 12 .003 1. 752 .066NS 
PO X LA 6 .003 1.792 .108NS 
G X PO X LA 12 .0025 1.541 .121NS 
Error (c) 108 .0016 

====================================================================== 

NS = Not significant at 0.05 level 

** = Significant at .025 level 
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Appendix B.4. Summary of linear regressions relating specific leaf 
weight to leaf age, apparent photosynthesis, and petiole 
nitrate-nitrogen concentration of the three cotton 
genotypes grown under high and low planting densities in 
1985. 

==================================~=================================== 

Planting 
Dependent Density Independent V-intercept Slope P-value 
Variable Level Variable 

SLW High Age .0793 -.00004 .0023 .6629NS 
Low Age .0822 -.0001 .0108 .3469NS 

APS High SLW .0749 .0027 .0188 .2140NS 
Low SLW .0728 .0006 .0102 .3129NS 

Petiole 
N03-N High SLW .0774 .0003 .0013 .7442NS 

Low SLW .0778 .0009 .0122 .3176NS 

Abbreviations: SLW = specific leaf weight (kg m- 2), A~e = leaf age 
(days), APS = apparent photosynthes is (u mole C02 m- s -1), Pet i ole 
N03-N = petiole nitrate-nitrogen (g kg-I), NS = not significant. 
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Appendix C.l. Analysis of variance of tota.l dry weight for the three 
cotton genotypes grown under high and low planting 
densities in 1984 and 1985. 

====================================================================== 
Source df 

Block (B) 3 
Genotype(G) 2 
Error (a) 6 
Plant Oensity(PO) 1 
G x PO 2 
Error (b) 9 
Plant Age (PA) 4 
G X PA 8 
PO X PA 4 
G X PO X PA 8 
Error (c) 72 

B 
G 
Error (a) 
PO 
G X PO 
Error (b) 
PA 
G X PA 
PO X PA 
G X PO X PA 
Error (c) 

3 
2 
6 
1 
2 
9 
4 
8 
4 
8 

72 

Mean Square 

1984 

20,773.83 
8,570.00 

17,534.88 
4,455,609.41 

49,252.91 
28,922.21 

1,186,470.80 
31.179.50 

200,856.76 
17,685.45 
12,248.73 

1985 

35,094.45 
74,987.81 
22,534.41 

3,143,774.41 
12,542.66 
17,834.73 

1,353,356.09 
33,574.28 

172,726.72 
24,838.92 
11,497.27 

F-value 

.489 

154.055 
1.703 

96.865 
2.545 

16.398 
1.444 

3.33 

176.27 
0.703 

117.71 
2.92 

15.02 
2.16 

P-value 

.6393NS 

.000*** 

.2359NS 

.000*** 

.0168** 

.000*** 

.1934NS 

.1064NS 

.000*** 

.5203NS 

.000*** 

.0070** 

.000*** 

.0407* 

====================================================================== 

NS = Not significant at 0.05 level 

* = Significant at 0.05 level 

** = Highly significant at 0.01 level 

*** = Highly significant at 0.001 level 
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Appendix C.2. Analysis of variance of fruit dry weight for the three 
cotton genotypes grown under high and low planting 
densities in 1984 and 1985. 

-----------------------------------------------------~--------------------------------------------------------------------------------------
Source df 

Block (B) 3 
Genotype(G) 2 
Error (a) 6 
Plant Oensity(PO) 1 
G x PO 2 
Error (b) 9 
Plant Age (PA) 4 
G X PA 8 
PO X PA 4 
G X PO X PA 8 
Error (c) 72 

B 
G 
Error (a) 
PO 
G X PO 
Error (b) 
PA 
G X PA 
PO X PA 
G X PO X PA 
Error (c) 

3 
2 
6 
1 
2 
9 
4 
8 
4 
8 

72 

Mean Square 

1984 

3,320.19 
10,285.30 
5,223.23 

333,907.50 
3,060.40 
5,519.01 

227,643.40 
11 ,640.16 
33,050.69 
5,243.00 
3,633.19 

1985 

2,390.29 
1,851.00 
2,989.00 

155,664.03 
506.40 

3,277.01 
150,200.00 

3,050.23 
18,489.64 
3,132.24 
1,625.15 

F-value 

1.969 

60.501 
0.554 

62.670 
3.024 
9.097 
1.364 

0.619 

47.502 
0.154 

92.422 
1.877 

11.377 
1.927 

P-value 

.2198NS 

.000*** 

.5928NS 

.000*** 

.004** 

.000*** 

.2241NS 

.5725NS 

.000*** 

.8591NS 

.000*** 

.0769NS 

.000*** 

.0688NS 

====================================================================== 

NS = Not significant at 0.05 level 

** = Highly significant at 0.01 level 

*** = Highly significant at 0.001 level 
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Appendix C.3. Analysis of variance of fruiting index for the three 
cotton genotypes grown under high and low planting 
densities in 1984 and 1985. 

====================================================================== 
Source df 

Block (B) 3 
Genotype(G) 2 
Error (a) 6 
Plant Oensity(PO) 1 
G x PO 2 
Error (b) 9 
Plant Age (PA) 4 
G X PA 8 
PO X PA 4 
G X PO X PA 8 
Error (c) 72 

B 
G 
Error (a) 
PO 
G X PO 
Error (b) 
PA 
G X PA 
PO X PA 
G X PO X PA 
Error (c) 

3 
2 
6 
1 
2 
9 
4 
8 
4 
8 

72 

Mean Square 

1984 

0.040 
0.156 
0.012 
0.008 
0.038 
0.009 
0.721 
0.032 
0.015 
0.012 
0.014 

1985 

0.004 
0.081 
0.007 
0.005 
0.009 
0.017 
0.453 
0.007 
0.010 
0.012 
0.006 

F-value 

12.780 

0.843 
3.879 

51.165 
2.267 
1.092 
0.868 

11. 830 

0.292 
0.518 

73.656 
1.103 
1.613 
1.961 

P-value 

.0076** 

.3824NS 

.0673NS 

.000*** 

.0319* 

.3475NS 

.5476NS 

.009** 

.6919NS 

.6125NS 

.000*** 

.3713NS 

. 1804NS 

.0639NS 

====================================================================== 

NS = Not significant at 0.05 level 

* = Significant at 0.05 level 

** = Highly significant at 0.01 level 

*** = Highly significant at 0.001 level 
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Appendix C.4. Analysis of variance of total leaf area for the three 
cotton genotypes grown under high and low planting 
densities in 1984 and 1985. 

====================================================================== 
Source df Mean Square F-value P-value 

1984 

Block (B) 3 0.189 
Genotype{G) 2 0.013 0.255 .7846NS 
Error ( a) 6 0.051 
Plant Oensity{PO) 1 1.141 15.352 .000*** 
G x PO 2 0.286 3.844 .0621NS 
Error (b) 9 0.074 
Plant Age (PA) 4 0.240 4.437 .0029** 
G X PA 8 0.073 1.353 .2316NS 
PO X PA 4 0.073 1.348 .2606NS 
G X PO X PA 8 0.039 0.728 .6661NS 
Error (c) 72 0.054 

1985 

B 3 0.360 
G 2 0.185 3.594 .0940NS 
Error(a) 6 0.051 
PO 1 0.802 21. 783 .000*** 
G X PO 2 0.014 0.372 .6995NS 
Error (b) 9 0.037 
PA 4 2.963 88.575 .000*** 
G X PA 8 0.051 1.511 . 1685NS 
PO X PA 4 0.171 5.117 .0011*** 
G X PO X PA 8 0.026 0.763 .6361NS 
Error (c) 72 0.033 

====================================================================== 

NS = Not significant at 0.05 level 

** = Highly significant at 0.01 

*** = Highly significant at 0.001 level 
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Appendix C.5. Analysis of variance of leaf area index for the three 
cotton genotypes grown under high and low planting 
densities in 1984 and 1985. 

--------------------------------------------------------------------------------------------------------------------------------------------
Source df 

Block (B) 3 
Genotype(G) 2 
Error(a) 6 
Plant Oensity(PO) 1 
G x PO 2 
Error (b) 9 
Plant Age (PA) 4 
G X PA 8 
PO X PA 4 
G X PO X PA 8 
Error (c) 72 

B 
G 
Error(a) 
PO 
G X PO 
Error (b) 
PA 
G X PA 
PO X PA 
G X PO X PA 
Error (c) 

3 
2 
6 
1 
2 
9 
4 
8 
4 
8 

72 

Mean Square 

1984 

1.536 
1.513 
0.552 

145.332 
3.277 
0.731 

15.535 
0.795 
2.169 
0.695 
0.534 

1985 

2.640 
1.981 
0.426 

113.335 
0.711 
0.381 

37.609 
0.559 
6.264 
0.420 
0.443 

F-value 

2.741 

198.878 
4.484 

29.106 
1.489 
4.064 
1.302 

4.6S1 

297.180 
1.863 

84.934 
1.261 

14.146 
0.949 

P-value 

.142SNS 

.000*** 

.004S** 

.000*** 

.1761NS 

.0050** 

.2563NS 

.0502* 

.000*** 

.2103NS 

.000*** 

. 2775NS 

.000*** 

.4827NS 

====================================================================== 

NS = Not significant at O.OS level 

* = Significant at 0.05 level 

** = Highly significant at 0.01 level 

*** = Highly significant at 0.001 level 
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Appendix C.6. Analysis of variance of petiole nitrate-nitrogen 
concentration for the three cotton genotypes grown under 
high and low planting densities in 1984 and 1985. 

====================================================================== 
Source df Mean Square F-value P-value 

1984 

Block (B) 3 7.650 
Genotype(G) 2 167.758 40.843 .0003*** 
Error(a) 6 4.107 
Plant Oensity(PO) 1 1.060 0.245 .6324NS 
G x PO 2 2.522 0.583 .5779NS 
Error (b) 9 4.325 
Plant Age (PA) 4 753.170 250.831 .000*** 
G X PA 8 39.725 13.230 .000*** 
PO X PA 4 0.868 0.289 .8924NS 
G X PO X PA 8 3.507 1.168 .3303NS 
Error (c) 72 3.003 

1985 

B 3 13.328 
G 2 391. 562 134.315 .000*** 
Error(a) 6 2.915 
PO 1 1.443 0.504 .4957NS 
G X PO 2 4.591 1.603 .2537NS 
Error (b) 9 2.863 
PA 4 175.035 50.686 .000*** 
G X PA 8 8.345 2.417 .0226** 
PO X PA 4 1.428 0.414 .7946NS 
G X PO X PA 8 2.270 0.657 . 7178NS 
Error (c) 72 3.453 

====================================================================== 

NS = Not significant at 0.05 level 

** = Highly significant at 0.01 level 

*** = Highly significant at 0.001 level 
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Appendix C.7. Analysis of variance of leaf area ratio for the three 
cotton genotypes grown under high and low planting densities 
in 1984 and 1985. 

====================================================================== 
Source df 

Block (B) 3 
Genotype(G) 2 
Error(a) 6 
Plant Oensity(PO) 1 
G x PO 2 
Errdr (b) 9 
Plant Age (PA) 4 
G X PA 8 
PO X PA 4 
G X PO X PA 8 
Error (c) 72 

B 
G 
Error(a) 
PO 
G X PO 
Error (b) 
PA 
G X PA 
PO X PA 
G X PO X PA 
Error (c) 

3 
2 
6 
1 
2 
9 
4 
8 
4 
8 

72 

Mean Square 

1984 

1.738 
6.227 
1.905 
1.259 
5.294 
1.630 

130.559 
13.050 
0.648 
3.957 
1. 701 

1985 

2.923 
0.365 
0.717 
0.001 
1. 267 
0.777 

18.630 
1.651 
0.607 
0.563 
0.621 

F-value 

3.268 

0.772 
3.248 

76.772 
7.674 
0.381 
2.327 

0.509 

0.002 
1.630 

29.985 
2.658 
0.978 
0.905 

P-value 

.1094NS 

.4024NS 

.0867NS 

.000*** 

.000*** 

.8219NS 

.0278* 

.6248NS 

.9609NS 

. 2488NS 

.000*** 

.0129** 

.4250NS 

.5169NS 

====================================================================== 

NS = Not significant at 0.05 level 

* = Significant at 0.05 level 

** = Highly significant at 0.01 level 

*** = Highly significant at 0.001 level .--
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Appendix C.8. Analysis of variance of specific leaf weight for the three 
cotton genotypes grown under high and low planting densities 
in 1984 and 1985. 

====================================================================== 
Source df Mean Square F-value P-value 

1984 

Block (B) 3 .00005 
Genotype(G) 2 .00001 .112 .8951NS 
Error(a) 6 .00006 
Plant Oensity(PO) 1 .00001 .227 .6448NS 
G x PO 2 .00008 2.032 .1869NS 
Error (b) 9 .00004 
Plant Age (PA) 4 .00113 38.377 .000*** 
G X PA 8 .00019 6.292 .000*** 
PO X PA 4 .00002 0.548 .7008NS 
G X PO X PA 8 .00004 1.303 .2559NS 
Error (c) 72 .00003 

1985 

B 3 .00015 
G 2 .00010 15.541 .005** 
Error(a) 6 .00001 
PO 1 .00002 .761 .4056NS 
G X PO 2 .00004 1. 501 .2738NS 
Error (b) 9 .00002 
PA 4 .00100 67.698 .000*** 
G X PA 8 .00006 4.111 .0004*** 
PO X PA 4 .00003 1.785 .1413NS 
G X PO X PA 8 .00002 1.085 .3835NS 
Error (c) 72 .00001 

=============================~======================================== 

NS = Not significant at 0.05 level 

** = Highly significant at 0.01 level 

*** = Highly significant at 0.001 level 



LITERATURE CITED 

Aase, J.K. 1978. Relationship of leaf area and dry matter in winter 
wheat. Agron. J. 70:563-565. 

Arunachalam, L. 1981. Effect of spacing, row distance and nitrogen 
level on leaf area, leaf. area index and weight of leaves in Sesamum 
indicum L. Madras Agric. J. 68:660-667. 

Barden, J.A. and D.C. Ferree. 1979. Rootstock does not affect net 
photosynthesis, dark respiration, specific leaf weight, and 
transpiration of apple leaves. J. Amer. Soc. Hart. Sci. 104:526-
528. 

Barker, A.V., N.H. Peck and G.E. MacDonald. 1971. Nitrate accumulation 
in vegetables. I. Spinach grown in upland soil. Agron. J. 63:126-
129. 

Basiniski, J.J., R. Wetselaar, D.F. Beach and J.P. Evenson. 1975. 
Nitrogen supply, nitrogen uptake and cotton yields. Cotto Grow. 
Rev. 52:1-10. 

Batt, T. and H.W. Wool house. 1975. Changing activities during senescnce 
and sites of synthesis of photosynthetic enzymes in leaves of the 
Labiate, Perilla frutescens (L.) Britt. J. EXp. Bot. 29:31-37. 

Beevers, L. and R.H. Hageman. 1972. In Photophysiology. 7:85-86. 
Academic Press, New York and London. 

Bhat, K.K.S., P.H. Nye and A.J. Brereton. 1979. The possibility of 
predicting solute uptake and plant growth response from independently 
measured soil and plant characteristics. 6. The growth and uptake 
of rape in solution of constant nitrate concentration. Plant and 
Soil 53: 137 -167. 

Bilal, loM. and D.W. Rains. 1973. 
reductase activity in cotton. 

In vivo characterization of nitrate 
Physiol. Plant. 28:237-243. 

Bolton, J.K. and R.H. Brown. 1980. Photosynthesis of grass species 
differing in carbon dioxide fixation pathways. Plant Physiol. 
66:97-100. 

143 



144 

Bowes, G., W.I. Ogren and R.H. Hageman. 1972. Light saturation, 
photosynthesis rate, RuDP carboxylase activity, and specific leaf 
weight in soybeans grown under different light intensities. Crop 
Sci. 12:77-79. 

Brown, K.J. 1973. Factors affecting translocation of carbohydrates to 
fruiting bodies of cotton. Cotton. Grow. Rev. 50:702-713. 

Brown, R.H. 1984. Growth of the green plant. p. 153-173. In M.B. 
Tesar (ed.) Physiological basis of crop growth and development. 
American Society of Agronomy, Inc., and the Crop Science Society 
of America, Inc. Madison, Wisconsin, U.S.A. 

Callow, J.A. 1974. Ribosomal RNA, Fraction 1 protein synthesis, and 
ribulose diphosphate carboxylase activity in developing and senescing 
leaves of cucumber. New Phytol. 73:13-20. 

Carberry, L.C., L.C. Campbell and F.R. Bidinger. 1985. The growth and 
development of pearl millet as affected by plant population. Field 
Crops Research 11:193-205. 

Clawson, J.E., J.E. Specht and B.L. Blad. 1986. Growth analysis of 
soybean isolines differing in pubescence density. Agron. J. 78:164-
172. 

Clegg, M.D. and C.Y. Sullivan. 1975. A rapid method for measuring 
carbon dioxide concentrations. Agron. Abstr. p. 70. 

Clegg, M.D., C.Y. Sullivan and J.D. Eastin. 1978. A sensitive technique 
for the rapid measurement of carbon dioxide concentrations .. Plant 
Physiol. 62:924-926. 

Cock, J.H., M.C.M. Porto and M.A. El-Sharkawy. 
efficiency of cassava. III. Influence of air 
stress on gas exchange of field grown cassava. 
272. 

1985. Water use 
humidity and water 
Crop Sci. 25:265-

Coffey, B.N. and D.O. Davis. 1985. Short-branch and cluster-fruiting 
habit inheritance in crosses of eight cotton lines. Crop Sci. 
25:729-731. 

Constable, G.A. and H.M. Rawson. 1980. Effect of leaf position and 
age on photosynthesis, transpiration and water use efficiency of 
cotton. Aust. J. Plant Physiol. 7:89-100. 

Davis, S.D. and K. J. McCree. 1978. Photosynthetic rate and diffusion 
conductance as a function of aged 1 eaves of bean plants. Crop 
Sci. 18: 280-282. 

Delaney, R.H. and A.K. Dobrenz. 1974. Morphological and anatomical 
features of alfalfa leaves as related to C02 exchange. Crop Sci. 
14:444-447. 



145 

Devendra, R., M.U. Kumar and L.S.K. Sastry. 1980. Photosynthetic rate, 
dry matter accumulation and yield inter-relationships in genotypes 
of rice. In Proceedings of the Indian National Science Academy, 
B, 1980. 46:699-707. Dep. of Crop Physiol., Univ. of Agric. Sci., 
GKVK Campus, Bangalore 560065, Karnataka, India. 

Dornhoff, G.M. and R.M. Shibles. 1970. Varietal differences in net 
photosynthesis of soybean leaves. Crop Sci. 10:42-45. 

Edwards, J.H. and S.A. Barker. 1976. Nitrogen uptake characteristics 
of corn roots at low nitrogen concentration as influenced by plant 
age. Agron. J. 68:17-19. 

Elmore, C.D., J.D. Hesketh and H. Muramoto. 1967. A survey of rates 
of leaf growth, leaf aging and leaf photosynthesis rates among and 
within species. J. Ariz. Acad. Sci. 4:215-219. 

Fair, P., J. Tew and C. Cresswell. 1972. The effect of age and leaf 
position on carbon dioxide compensation point (r), and potential 
photosynthetic capacity, photorespiration and nitrate assimilation 
in Hordeum vulgare L. JIS Afr. Bot. 38:81-95. 

Field, C. 1981. Leaf age effects on the carbon of individual leaves 
in re 1 at i on to mi cros ite. In Components of product i v ity of 
mediterranean regions: basic and applied aspects. Dr. W. Junk, 
N.S. Margaris and H.A. Mooney (ed.), The Hague. pp. 41-50. 

Field, C. and H. A. Mooney. 1983. Leaf age and seasonal effects on 
light water and nitrogen use efficiency in a California shrub. 
Oecologia 56:348-355. 

Friedrich, J.W. and R.C. Huffaker. 1980. Photosynthesis, leaf 
resistances, and ribulose-l,5-bisphosphate carboxylase degradation 
in senescing barley leaves. Plant Physiol. 65:1103-1107. 

Gaballero, A., J.L. Araus, 1. Fleck and R. Simonneau. 1983. Gaseous 
exchange in excised Trit'icum aestivum L. cv. Kolibri leaves of 
field-grown plants during the life cycle. p. 58-62. In H. Metzner 
(ed.) Photosynthesis and plant productivity. Joint meeting of 
the O.E.C.D. and Studiezentrum Weikersheim, Ettlingen Castle 
(Germany), October 11-14, 1981. 

Gagro, M. 1977. Effects of nitrogen and plant population on the LAI 
and number of leaves of hybrids BcSK39-41 and OsSK218. 
Poljopriuredna Znanstvena Smotra. 41:57-69. 

Gardner, F.P., R.B. Pearce and R.L. Mitchell. 1985. Physiology of 
crop plants. Iowa State University Press, Ames, Iowa. 

Hall, N.P., A.J. Keys and M.J. Merrett. 1978. Ribulose-1,5-diphosphate 
carboxyl ase protei n duri ng fl ag 1 eaf senescence. J. Exp. Bot. 
29:31-37. 



146 

Hart, R.H., R.B. Pearce, N.J. Chatterton, G.E. Carlson, O.K. Barnes and 
C.H. Hanson. 1978. Alfalfa yield, specific leaf weight, C02 
exchange, and morphology. Crop Sci. 25:649-653. 

Hashizume, K. and S. Nishimura. 1976. Continuous forage production by 
means of rotating cool- and warm-season grasses. 2. Effect of 
shading on the early growth of three warn season grasses. J. Jap. 
Soc. Grassl. Sci. 22:95-98. 

Heide, a.M., R.K.M. Hay and H. Baugerod. 1985. Specific daylength 
effects on leaf growth and dry-matter production in high-latitude 
grasses. Ann. Bot. 55:579-586. 

Hodges, T. and E.T. Kanemasu. 1977. Modeling daily dry matter produc
tion in winter wheat. Agron. J. 69:674-680. 

Hofmann, W.C., A.K. Dobrenz and R.EtMBriggs. 1982. Photosynthesis and 
assimilate partitioning in PIX treated cotton. In Proc. Beltwide 
Cotto Prod. Res. Conf., Las Vegas, Nev. pp. 53. 

Hodgkinson, K.C. 1974. Influence of partial defoliation on 
photosynthesis, photorespiration and transpiration by lucerne leaves 
of different ages. Aust. J. Plant Physiol. 1:561-578. 

Hozyo, V. 1982. Photosynthetic activity and carbon dioxide diffusion 
res i stance as factors in plant product ion in sweet potato. p. 
129-133. In R.L. Villareal and T.D. Griggs (ed.) Sweet Potato. 
Proceedings of the first international symposium. National Inst. 
of Agric. Sci. Japan. Asian Vegetable Research and Development 
Center, Taiwan. 

Ibragimov, M. 1980. Dependence of photosynthesis on rates of ferti-
lizer nitrogen and row width. Uzbekskii Biologicheskii Zhurnal 
3:23-24. 

Iruthayaraj, M.K. and V.B. Morachan. 1980. Effect of season, water 
management and nitrogen on leaf area index and yield of short 
duration rice varieties. Mysore J. Agric. Sci. 14:183-189. 

Ishizuka, V. and A. Tanaka. 1958. Physiological studies on plant 
nutri t ion in ri ce 1 eaves II 1. Nogyo oyobi engei (Agr. & Hort.), 
Tokyo 33:1631-1634. (In Japanese). 

Janardhan, K.V. and K.S. Murty. 1978. Association of photosynthetic 
efficiency with various growth parameters and yield in rice. In 
Proceedings of the Indian National Science Academy, B. 44:49-56. 

Jarvis, P.G. and M.S. Jarvis. 1964. Growth rates of woody plants. 
Physiol. Plant. 17:654-666. 



147 

Jenkins, G.l. and H.W. Woolhouse. 1981. Photosynthetic electron 
transport during senescence of primary leaves of Phaseoulus vulgaris 
L. J. Exp. Bot. 32:467-478. 

Jenkins, J.W., J.R. Nichols, J.C. McCarty and W.L. Parrott. 1981. 
Nitrate in petioles of three cottons. Crop Sci. 22:1230-1233. 

Jensen, R.G. and J.T. Bahr. 1977. Ribulose 1,5-bisphosphate carboxylase 
oxygenase. Ann. Rev. Plant Physiol. 28:379-400. 

Joggi, D., U. Hofer and J. Nosberger. 1983. Leaf area index, canopy 
structure and photosynthesis of red clover (Trifolium pratense L.) 
Plant, Cell and Environment 6:611-616. 

Joham, H.E. 1955. The calcium and potassium nutrition of cotton as 
influenced by sodium. Plant Physiol. 30:4-10. 

Joy, R.J., H.T. Poole and A. K. Dobrenz. 1972. The effect of soil 
moisture regimes on water-use efficiency and growth components of 
alfalfa. Progressive Agriculture in Arizona. 24:9-11. 

Kannangora, C.G. and H.W. Woolhouse. 1968. Changes in the enzyme 
activity of soluble protein fractions in the course of foliar 
senescence in Perilla frutescens (L.) Britt. New Phytol. 67:533-
542. 

Kappe 1, F. and J. A. Flore. 1983. Effect of shade on photosynthes is, 
specific leaf weight, leaf chlorophyll contents, and morphology of 
young peach trees, J. Amer. Soc. Hort. Sci. 108:541-544. 

Karami, E. and J.B. Weaver. 1980. Dry matter production, yield, 
photosynthes is, chlorophyll content and speci fi c 1 eaf wei ght in 
relation to leaf shape and colour. J. Agric. Sci. Camb. 94:2810286. 

Kawash i rna, N. and T. Mi take. 1969. Stud i es on prote in met abo 1 ism in 
higher plants. Part VI. Changes in ribulose diphosphate carboxylase 
act i vi ty and fraction 1 protei n content in tobacco 1 eaves wi th 
age. Agr. Biol. Chern. 33:539-543. 

Kim, S.K., S.K.Lee and S.W. Sun. 1977. Photosynthesis of x Popoulus 
albaolandulosa in relation to leaf age. J. of the Korean Forestry 
Soc. 34:63-71. 

Kishitani, S., Y. Takano and S. Tsunoda. 1972. Optimum leaf-areal 
nitrogen content of single leaves for maximizing the photosynthesis 
rate of 1 eaf canopi es: A s imul at ion in ri ce. Japan J. Breed. 
22:1-10. 

Kliewer, W.M. and C.S. Ough. 1970. The effect of leaf area and crop 
level on the concentration of amino acids and total nitrogen in 
'Thompson Seedless' grapes. Vitis. 9:196-206. 



148 

Kuo, C.G., F.H. Hsu, J.S. Tsay and H.G. Park. 1980. Variation in 
specific leaf weight and RUDP Case activity in mungbean. Can. J. 
Plant Sci. 60:1059-1062. 

Kwon, H.G., P.K. Shin, Y.S. Park, C.S. Park and Y.S. Kim. 1981. Effect 
of spacing, nitrogen levels and silica on photosynthesis of the rice 
plant. The Research Reports of the Offi ce of Rural Development 
14:73-81. 

Lal, K.N. and M.S.S. Rao. 1950. A new formula for estimation of leaf 
area in barley. Sci. and Cult. 15:355-356. 

Landivar, J.A., D.N. Baker and J.N. Jenkins. 1983. Application of 
GOSSYM to genetic feasibility studies. II. Analysis of increasing 
photosynthesis, specific leaf weight and longevity of leaves in 
cotton. Crop Sci. 23:504-510. 

Lawn, R.J. and W.A. Brun. 1974. Symbiotic nitrogen fixation in soybean. 
I. Effect of photosynthesis source-sink manipulation. Crop Sci. 
14:11-16. 

Ledig, F.T. and D.F. Korbobo. 1983. Adaption of sugar maple popula
tions along altitudinal gradients: Photosynthesis, respiration, and 
specific leaf weight. Amer. J. Bot. 70:256-265. 

Lopes, N.F. and Maestri. 1973. Growth analysis and solar energy 
conversion in maize (Zea Mays L.) population in Vicosia, Minas 
Gerais. Revista Ceres 20:189-201. 

Lugg, D.G. and T.R. Sinclair. 1979. A survey of soybean cultivars for 
variability in specific leaf weight. Crop Sci. 19:887-892. 

Lund, R.E. 1983. MSUSTAT, An Interactive Statistical Analysis Package. 
The Research and development Inst., Inc. Montana State University, 
Bozeman, MT. 

Luo, C.C. 1979. Specific leaf weight (SLW) as related to the yield 
and its components in rice. Bot. Bull. Academia Sinica 20:145-
157. 

Marini, R.P. and J.A. Barden. 1982. Light penetration on overcast and 
clear days, and specific leaf weight in apple trees as affected by 
summer or dormant pruning. J. Amer. Soc. Hort. Sci. 107:3943. 

McCree, K.J. and M.E. Keener. 1974. Simulations of the photosynthetic 
rates of three selections of grain sorghum with extreme leaf angles. 
Crop Sci. 14:584-587. 

Medawar, P.B. 1957. An unsolved problem in biology. In Uniqueness of 
the individual, Methuen, London. 



149 

Miyaji, K.I. 1984. Longevity and productivity of leaves of a culti
vated annual, Glycine max (L.) Merrill. New Phytol. 97:479-488. 

Monteny, B.A., J.M. Barbier and C.M. Bernos. 1985. Determination of 
the energy exchanges of a forest-type culture: Hevea brasiliensis 
p. 211-233. In The forest-atmosphere interaction. B.A. Hutchinson 
and B.B.J. Hicks (ed.), Proc. of the forest environmental 
measurements conference held at Oak Ridge, Tennessee, October 23-
28, 1983. 

Mooney, H.A. and S.L. Gulmon. 1982. Constraints on leaf structure and 
function in reference to herbivory. Bioscience 32:198-206. 

Mooney, H.A., P.J. Ferrar and R.O. Slatyer. 1978. Photosynthetic 
capacity and carbon allocation patterns in diverse growth forms of 
Eucalyptus. Oecologia 36:103-111. 

Muramoto, H. ,. J.D. Hesketh and C.D. Elmore. 1967a. Leaf growth, leaf 
aging, and leaf photosynthetic rates of cotton plants. In Proc. 
Beltwide Cotto Prod. Res. Conf., Dallas, Tex, p. 161-165. 

Muramoto, H., J.D. Hesketh and C.D. Elmore. 1967b. A technique for 
measuring photosynthetic rates of leaves in the field. Department 
of Plant Breeding, report No.3 on photosynthesis. Arizona Agric. 
EXp. Sta. Univ. of Arizona, Tucson. 

Muramoto, J., J.D. Hesketh and M. El-Sharkawy. 1965. Relationships 
among dry matter production among American cultivated cottons and 
other species. Crop Sci. 5:163-166. 

Murata, Y. and A. Osada. 1959. Studies on photosynthesis in rice plant 
XII. The effect of three major nutrient element supply upon the 
photosynthetic activity of rice leaves. Pro. Crop Sci. Soc. Japan 
28:184-187. 

Naik, M.S. 1976. Role of photosynthesis in nitrate assimilation in 
crop plants. The Plant Biochem. J. 3:91-95. 

Nea1es, T.F. and A.O. Nicholls. 1978. Growth responses on young wheat 
plants to a range of ambient C02 levels. Aust. J. Plant Physiol. 
5:45-59. 

Nelson, N.D. and Michael. 1982. Photosynthesis, leaf conductance and 
specific leaf weight in long and short shoots of Populus 'Tristis 
#1' grown under intensive culture. Forest Sci. 28:737-744. 

Nie, N.H., C.H. Hull, J.G. Jenkins, K. Steinbrenner and D.H. Bent. 
1975. SPSS Statistical Package for the Social Sciences. McGraw
Hill Book Co. New York. 675 p. 



150 

Nikov, M. 1979. The productivity of grapevine leaves in relation to 
climatic factors, planting systems and training. Vignevini. 6:11-
26. 

Nilwik, H.J.M. 1981. Growth analysis of sweet pepper (Capsium annum 
L.). Interacting effects of irradiance, temperature and plant age 
in controlled conditions. Ann. Bot. 48:137-145. . 

Nosberger, J. 1974. The influence of nitrogen supply and row distance 
on dry matter production, 1 eaf area and till eri ng of Dactyl i s 
glomerata. Forschung Bd. 13:58. 

OJ i rna, M. 1974. Improvement of photosynthet i c capac ity in soybean 
variety. Jap. Agric. Res. Q. 8:6-12. 

Osman, A.M. and F.L. Milthorpe. 1971. Photosynthesis of wheat leaves 
in relation to age, illuminance, and nutrient supply II. results. 
Photosynthetica 5:61-70. 

Palaniswamy, K.M. 1975. Leaf area in rice as influenced by varieties, 
nitrogen and different growth stages. Madras Agric. J. 62:524-
526. 

Pearce, R.B., G.E. Carlson, D.K. Barnes, R.H. Hart and C.H. Hanson. 
1969. Specific leaf weight and photosynthesis in alfalfa. Crop 
Sci. 9:423-426. 

Peet, M.M., A. Bravo, D.H. Wallace and J.L. Ozbun. 1977. Photosynthesis, 
stomatal resistance, and enzyme activities in relation to yield of 
field grown dry bean varieties. Crop Sci. 17:287-293. 

Peoples, M.B. and M.J. Dalling. 1978. Degradation of ribu10se-1,5-
bisphosphate carboxylase by proteolytic enzymes from crude extracts 
of wheat leaves. Planta 138:153-160. 

Pokhriyal, T.C., M.S. Sachdev, H.L. Grover, R.P. Arora and V.P. Abro1. 
1980. Nitrate assimilation in leaf blades of wheat of different 
age. Physiol. Plant. 48:477-481. 

Porpiglia, P. J. and J.A. Barden. 1980. Seasonal trends in net 
photosynthetic potential, dark respiration, and specific leaf weight 
of apple 1 ea ves as affected by canopy pos i t ion. J. Amer. Soc. 
Hort. Sci. 105:920-923. 

Powell, C.E. and G.J.A. Ry1e. 1978. Elfect of nitrogen deficiency on 
photosynthesis and partitioning of 4C-labelled leaf assimilate in 
unshaded and partially shaded plants of Lolium temu1entum. Ann. 
App. Bio1. 90:241-248. 



151 

Puckridge, D.W. 1973. A quantitative account of the influence of solar 
radiation, water and nitrogen supply on the photosynthesis of wheat 
communities in the field. In. Proceedings Uppsala Symp. Plant 
response to climatic factors. Paris, France, UNESCO (1973) 519-
529, FCA 27(7):3065. 

Rao, M.J. and J.B. Weaver. 1976. Effect of leaf shape on response of 
cotton to plant population, N rate and irrigation. Agron. J. 68:599-
601. 

Reich, P.B. 1984. Relationships between leaf age, irradiance, leaf 
conductance, C02 exchange, and water use efficiency in hybrid poplar. 
Photosynthetica 18:445-453. 

Richard, L. 1980. Information on the petiolar diagnosis of cotton 
nutrition. Cot on et Fibres Tropicales 35:405-409. 

Robson, M.J. and A. J. Parsons. 1978. Nitrogen deficiency in small 
closed communities of S24 rye grass. I. Photosynthesis, 
respiration, dry matter production and partition. Ann. Bot. 42:1185-
1197. 

Ryhiner, A.H. and M. Matsuda. 1978. Effect of plant density and water 
supply on wheat production. Neth. J. Agric. Sci. 26:200-209. 

Ryle, G.J.A. 1972. A q~~ntitative analysis of the uptake of carbon 
and of the supply of C-labelled assimilate to areas of meristematic 
growth in Lolium tenulentum. Ann. Bot. 36:497-512. 

Scott, H.D., R.E. Sojka, D.L. Karlen, F.B. Arnold, V.L. Quisenberry and 
C.W. Dotty. 1983. Bragg soybeans grown on a southern coastal 
plans soil. I. Dry matter distribution, nodal growth analysis 
and sample variability. Plant Nutrition 6:132-162. 

Secor, J. and R. Shibles. 1980. Metabolic changes during soybean leaf 
senescence. Agronomy Abstracts, p. 92. 72nd Annual meeting, 
American Society of Agronomy. Madison, Wisconsin, U.S.A. 

Shanmugasundaram, S. and S. Sankaran. 1978. The effect of N, spacing 
and planting method on LAI and CSB-156 hybrid cotton. Indian J. 
of Agron. 22:66-68. 

Shibles, R.M. and C.R. Weber. 1965. Leaf area, solar radiation 
intercept i on and dry matter product i on of soybeans. Crop Sc i . 
5:575-577. 

Shrader, L.E., D.A. Cataldo, D.M. Peterson and R.D. Vogelzang. 1974. 
Nitrate reductase and glucose-6-phosphate dehydrogenase activities 
as influenced by leaf age and addition of protein to extraction 
media. Physiol. Plant. 32:337-341. 



152 

Shrotriya, G.C. and O.K. Misra. 1977. Effect of nitrogen levels, 
moisture regimes and varieties on leaf area index and N content of 
wheat. Ann. Arid Zone 16:107-110. 

Small, E. 1972. Photosynthetic rates in relation to nitrogen recycling 
and adaptation to nutrient deficiency in peat bog plants. Can. J. 
Bot. 50:2227-2233. 

Song, S.P. and P.O. Walton. 1975. 
specific leaf weight in alfalfa. 

Inheritance of leaflet size and 
Crop Sci. 15:649-652. 

Stanev, V. 1975. Effect of mineral fertilizer and planting density on 
sunflower photosynthetic rate and net productivity. Comptes Rendus 
de l'Academie Agricole G. Dimitrov. 8:21-24. 

Sullivan, C.Y., M.D. Clegg and J.M. Bennet. 1976. A new portable method 
for measuring photosynthesis. Agron. Abstr. p. 77. 

Tadahiko, M. and K. Ohira. 1982. Relation between leaf age and nitrogen 
incorporation in the leaf of the rice plant (Orvza sativa L.). Plant 
and Cell Physiol. 23:1019-1024. 

Takeda, T. and A. Kumura. 1957. Analysis of grain production in rice 
plant I. Influence of nitrogen levels on leaf area, photosynthetic 
ability and respiration rate II. Influence of nitrogen levels on 
light receiving coefficient and dry matter production. Pro. Crop 
Sci. Soc. Japan 26:165-175. 

Tamaki, K., T. Otoi and J. Naka. 1977. Physiological studies of the 
growing process of broadbean plants X. Effects of plant density of 
carbon dioxide exchange of leaves and pods. Technical Bulletin of 
Faculty of Agriculture, Kagawa University, Japan 28:1-9. 

Thomas, H. and J.L. Stoddart. 1980. Leaf senescence. Ann. Rev. Plant 
Physiol. 31:38-111. 

Thompson, A.C., H.C. Lane, J.W. Jones and J.D. Hesketh. 1976. Nitrogen 
concentration of cotton leaves, buds, and bolls in relation to age 
and nitrogen fertilization. Agron. J. 68:617-621. 

Tollervey, F.E. 1970. Physiology of cotton plant. Cotto Gr. Rev. 
47:245-256. 

Tomasyan, A.S. 1971. Effects of crop density and mineral nutrition 
level on photosynthetic activity of spring barley. Biologicheskii 
Zhurnal Armenii. 24:20-26. 

Trachtenberg, C.H. and D.E. McCloud. 1976. Net photosynthesis of peanut 
at varying light intensities and leaf ages. l!:l Pro- ceedings, 
Soil and Crop Science Society of Florida, Gainesville, FL. p. 54-
55. 



153 

Unguryan, A.M. 1975. Photosynthetic activity of apple trees in the 
nursery in relation to spacing and nutrition. Referativnyi Zhurnal. 
135:16-22. 

United States Department of Agriculture. 1972. Soil survey of Tucson 
-Avra Valley area, Arizona. 70 p., 9 maps. 

Vanemden, H.F. and M.A. Bashford. 1969. A comparison of the reproduc
tion of Brevicoryne brassicae and Myzus persicae in relation to 
soluble nitrogen concentration and leaf age (leaf position) in the 
brussels sprout. Plant Ent. Exp. & Appl.12:351-364. 

Volence, J.J. 1985. Leaf area expansion and shoot elongation of diverse 
alfalfa germplasm. Crop Sci. 25:822-827. 

Whale, D.M. and H. Heilmeier. \-, 1985. The application of growth analysis 
to structured experimental designs and a new procedure fm' estimating 
unit leaf rate and its variance. Ann. Bot. 56:631-650. 

White, T.G. and R.J. Kohel. 1964. Cotton fruiting efficiency: A 
comparison of methods of measurement. Agron. J. 56:577-578. 

Wilhelm, W.W. 1977. Physiological factors influencing the leaf 
photosynthesis - yield relationship of tall fescue. Dissertation 
Abstracts International. p. 454. Columbia Univ., Morningside 
Heights, New York, NY, USA. 

Williams, L.E. 1985. Net photosynthetic rate and stomatal and 
i ntrace 11 ul ar conductances subsequent to full 1 eaf expans ion in 
Zea mays L: effect of leaf position. Photosynthetica 19:397-401. 

Wilson, J.R. 1975. Influence of temperature and nitrogen on growth, 
photosynthesis and accumulation of non-structural carbohydrate in 
a tropical grass, Panicum maximum var. trichoglume. Neth. J. Agric. 
Sci. 23: 48-61. 

Winter, K., G. Foster, M.R. Schmitt and G. Edwards. 1982. Activity 
and quantity of ribulose bisphosphate carboxylase and phosphoenol 
pyruvate carboxylase-protein in two Crassulacean acid metabolism 
plants in relation to leaf age, nitrogen nutrition, and point in 
time during a day/night cycle. Planta 154:309-317. 

Woledge, J. 1972. The effect of shading on the photosynthetic rate 
and longevity of grass leaves. Ann. Bot. 36:551-561. 

Wolf, D.O., LW. Carson and R.H. Brown. 1972. Leaf area index and 
specific leaf area determination. J. Agron. Ed. 1:24-27. 

Wong, S.C. 1979. Elevated atmospheric partial pressure of C02 and 
plant growth. 1. Interactions of nitrogen nutrition and 
photosynthetic capacity in C3 and C4 plants. Oecologia 44:68-74. 



154 

Woolhouse, W.W. 1967. The nature of senescence in plants. Symp. Soc. 
Exp. Biol. 21:179-213. 

Wool house, H.W. 1968. Leaf age and mesophyll resistance as factors in 
the rate of photosynthesis. Hilger. J. 11:15-20. 

Woolhouse, H.W. 1974. Longevity and senescence in plants. Sci. Prog. 
Oxford 61:223-247. 

Woolhouse, H.W. 1978. Senescence processes in the life cycle of 
flowering plants. Bioscience 28:25-31. 

Woon, C. K. 1978. Seasona 1 changes in stem carbohydrate and pet i ole 
nitrate in cotton. Dissertation Abstracts International, B, 38, 
11, 5133-5134. Univ. of Ariz., Tucson, AZ 85721, U.S.A. 

Wu, E.F. 1982. Study on photosynthetic traits in maize germplasm. 
Scientia Agriculture Sinica. 5:25-32. 

Yadav, R.L. 1981. Leaf area index and functional leaf area duration 
of sugarcane as affected by N-rates. Indian J. Agron. 26:130-136. 

Yoshida, S. and V. Coronel. 1976. Nitrogen nutrition, leaf resistance 
and leaf photosynthetic rate of the rice plant. Soil Sci. Plant 
Nutr. 22:207-211. 


