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Abstract approved:

Drought is a major limiting abiotic stress influencing wheat production in

many parts of the world. The erratic nature of water deficits makes breeding

and selection for drought resistance deficient. In environments with late

season drought stress, yield losses are usually associated with kernel abortion

or reduction in kernel growth. Remobilization of soluble carbohydrates from

the stem has been associated with drought resistance. The objectives of this

investigation were i) to asses the role of soluble carbohydrates in the

determination of drought resistance, ii) their association with productivity, and

iii) to evaluate a rapid technique to identify genotypes with higher capacity of

soluble carbohydrate remobilization. Nine winter wheat cultivars differing in

their response to drought stress were grown under irrigated and nonirrigated

conditions during the grain filling period at the Sherman Branch Experiment

Station, Moro. The cultivars were also grown at the Hyslop Crop Science



Laboratory, where plots were chemically desiccated with Sodium Chlorate or 

left untreated. All control and treated plots were evaluated for soluble 

carbohydrates in two vegetative fractions, stem plus sheath and leaf blades. 

These values were correlated with the relative reductions in kernel weight and 

yield observed on the treated plots. 

Differences among cultivars were observed for the concentration of 

soluble carbohydrates in the stem and leaf fractions. Time elapsed from 

anthesis was a major determinant of the variation in carbohydrates 

concentration observed during grain filling. Stem soluble carbohydrates 

accumulated to a much greater extent than leaf soluble carbohydrates. The 

concentration of stem carbohydrates was not related with the reductions 

caused by chemical desiccation or drought stress. However, potential 

contributions from stem reserves (ratio between potential spike weight and 

stem reserves) were marginally associated with drought resistance. Stem 

soluble carbohydrates were positively associated with productivity, suggesting 

that stems are not competitive sinks, but temporary storage organs of excess 

of assimilates. Under chemical desiccation most of the soluble carbohydrates 

were lost in respiration, and the reductions in kernel weight and yield observed 

were not correlated with those observed under drought. It was concluded that 

the technique did not reasonably simulated drought in terms of yield reductions 

nor carbohydrate remobilization. 
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Possible Associations of Soluble Carbohydrates with
 
Chemical Desiccation and Drought Resistance
 

in Winter Wheat
 

1. Introduction 

Moisture stress is a major limiting factor to wheat production throughout 

the world. In developing countries, about 32 million hectares of wheat fields 

experience varying levels of water stress. A major drought pattern occurs in 

Mediterranean-type environments, where crops experience drought stress 

during the grain filling period. In these environments, increasing levels of 

drought are often associated with heat stress which intensifies the deleterious 

effects of water deficits. Under these conditions, yield losses are associated 

with kernel abortion or reduction in kernel growth. 

Plant breeding programs must meet the demand for improved cultivars 

with enhanced yield potential, stability of yield and quality. Some plant breeders 

and physiologists believe that in drought stressed environments, better adapted 

genotypes could be developed more efficiently and effectively if traits that confer 

yield under water stress conditions could be identified and used as selection 

criteria. Under the conditions of terminal drought stress (stress at the end of the 

growing season), stem reserve remobilization has been proposed as a 

potentially useful trait (Ludlow and Muchow, 1990). 
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It has been long recognized that in cereals the supply of carbon to the 

developing kernels is provided by photosynthesis during the grain filling period 

and by remobilization of stored reserves (Archbold and Data, 1945; Stoy, 1965). 

Stem reserves in the form of soluble carbohydrates are actively accumulated 

before anthesis and up to the second week after anthesis. When 

photosynthesis is inhibited by post anthesis drought stress, stem reserve 

remobilization becomes especially important to support kernel growth or 

development ( Rawson and Evans, 1971; Gallagher et al., 1976; Austin et al., 

1980 ). Genotypes with a high capacity of soluble carbohydrate accumulation 

and high efficiency of translocation would be better adapted to cope with 

terminal stress as yield would be increasingly supported by stem reserves 

relative to transient photosynthesis. 

Selection of genotypes based on their capacity of grain filling by stem 

reserve remobilization is complicated by the erratic nature of the occurrence of 

stress and by the lack of inexpensive and fast methods for quantification of 

soluble carbohydrates. It is also nearly impossible to apply the proper selection 

pressure by affecting the same level of water deficit in a phenologically variable 

germplasm. In recognizing these constraints, Blum et al.. (1983a) devised a 

simple indirect method to reveal the capacity of cereals for grain filling without 

transient photosynthesis. With this method, plants are grown under optimal 

conditions for growth. The photosynthetic source is destroyed two weeks after 

anthesis with a desiccant (Sodium or Magnesium Chlorate) and genotypes are 
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finally evaluated at maturity by comparing kernel weight and yield between 

treated and non treated plots. 

The objectives of this investigation were: 

1.	 to determine whether differences in the capacity of accumulation of soluble 

carbohydrates in vegetative organs exist among winter wheat cultivars with 

different responses to drought stress. 

2.	 to study the possible associations between stem soluble carbohydrates, 

productivity traits, and the response to chemical desiccation and drought 

stress. 

3. to evaluate the suitability of the technique proposed by Blum et a/. (1983a) 

for the identification of cultivars with high capacity for stem reserve 

remobilization. 

4. to identify traits useful for the prediction of the response of cultivars to 

terminal drought stress. 
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2. Literature Review 

2.1. Drought Stress and Drought Resistance 

Drought is a major constraint in crop production around the world. It is 

often accompanied by elevated temperatures which enhance evapotranspiration 

and hence accentuate the effects of moisture stress, leading to variable 

reductions in crop yields. Sinha (1987), has defined drought, from an agronomic 

point of view, as " the state when an adequate amount of water, in quantity and 

distribution, is not available to allow the crop to express its full genetic yield 

potential ". 

A description of drought is necessary to provide a basis for the 

development of strategies leading to efficient methods of crop breeding and 

management. The type of drought environment should determine, at least to 

some degree, the mechanisms of resistance to be developed or improved in the 

targeted crops, and the appropriate breeding methodology (Quizenberry, 1982; 

Turner, 1997). Sinha (1987), recognized that the main factors of interest to 

describe drought are: the amount of precipitation in a particular growing season, 

variability in yearly precipitation, relative humidity, average temperatures, and 

type and depth of soils. 

Rajaram et a/. (1996) indicated that 32 % of the 99 million hectares of 

wheat grown in the developing countries experience varying levels of drought 

stress. They described the three main global drought patterns observed in wheat 
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production: Mediterranean type of environments, characterized by sufficient 

rainfall prior to anthesis, followed by drought during grain filling period (late 

drought); production environments frequent in the Southern Cone, characterized 

by moisture stress early in the crop season, with rainfall occurring in the 

postanthesis phase; and production environments in which the crop uses water 

reserves from previous season, such as those in the Indian Subcontinent. 

Fischer and Maurer (1978) described drought severity on the basis of a 

comparison of relative differences of average yields of genotypes under 

irrigated (optimal) and drought stressed conditions. They also recognized the 

effect of potential yield on yield performance under drought stress conditions 

and proposed a susceptibility index which estimates the relative susceptibility of 

a cultivar to drought. In analyzing their data for spring wheat, they found that the 

susceptibility index was not completely independent of the yield potential. Winter 

et a/. (1988), quantified drought stress by means of an "index of drought 

severity" (D) calculated as the relative difference between evaporation and 

precipitation for a particular period of the growing season. Following Fischer and 

Maurer (1978), these authors combined D with the relative reduction in yield 

when a genotype is grown under drought (non-optimal conditions) to estimate an 

index of drought susceptibility for each genotype. This index separates the 

effect of yield potential and drought severity on yields under drought, and thus 

gives an appropriate measure of resistance to drought. At any single year and 

location, the relative decrease in yield (or any other trait of interest) is able to 

provide an acceptable approach to the study of drought resistance. 
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The ability of a crop to produce satisfactorily in areas subjected to water 

deficits has been termed its drought resistance (Turner, 1997). The mechanisms 

of drought resistance have been categorized in various ways. Turner (1979, 

1982) classified these into three main categories: drought escape, dehydration 

postponement, and dehydration tolerance. Drought escape is the ability of a 

plant to complete its life cycle before the onset of severe water deficits. 

Dehydration postponement or drought tolerance with high plant water potential is 

achieved by increasing the water uptake or reducing the water loss, while 

dehydration tolerance (or drought tolerance with low plant water potential) is 

achieved by maintaining high cell turgor pressure or by a high degree of 

desiccation tolerance (Turner, 1986). 

2.2 Adaptation to Late Drought 

Two major mechanisms of drought resistance have been the focus of 

many studies in crops:1) matching the phenology of the crop to water supply 

(drought escape), and 2) remobilization of soluble carbohydrates during grain 

filling. Both mechanisms have been listed by Ludlow and Muchow (1990) as 

useful for improving drought resistance in environments with drought stress at 

the end of the growing cycle (terminal stress). 

2.2.1 Matching Phenology to Water Supply 

Several studies have shown that matching the phenology of the crop to 

the water supply is the primary way in which yields have been improved under 



stress environments. In.late season drought environments, selection for a 

shorter time to flowering has been highly successful in improving the drought 

resistance of several crops. Innes et al. (1985) studied the effects of ear 

emergence and plant height on yield of winter wheat under conditions leading to 

late drought stress. In their trials, early maturing selections gave grain yields 

equal or greater than late selections. The difference in yields were attributed to 

a greater mean grain weight of early selections. Siddique et a/. (1990) showed 

that improvement of modern Australian cultivars, when compared to older 

cultivars, was largely due to earlier flowering and matching the rainfall 

distribution pattern. However, Fischer (1980) noted that earlier flowering date 

may not always increase yield if this make the genotype flower during a period of 

high frost incidence, or if earliness limits the development of biomass, and thus, 

yield potential. The flowering date of wheat in many ecological situations is a 

compromise. While there is a need for time to develop a large enough plant 

structure or yield potential and avoid late spring frost and, the time to anthesis 

must be also short enough to avoid the high temperatures and poor water 

relations of summer. This situation undoubtedly limits the manipulation of 

flowering date as a strategy for increasing yield and yield stability in breeding 

programs (Fischer, 1980). 

2.2.2 Accumulation and Remobilization of Soluble Carbohydrates 

The final kernel weight is an important component of yield in cereals, and 

its two major components are the rate and duration of grain filling. While the 
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latter is highly influenced by environmental factors, the former depends on a 

continuous supply of carbohydrates to the developing kernel (Evans et at., 

1975). 

The early work of Archbold and Data (1945) showed that grain 

development in barley was largely dependent on current assimilation rather than 

on remobilization of stored carbohydrates. However , it is recognized today that 

the remobilization of pre-stored soluble carbohydrates plays a significant role in 

maintaining grain filling under both, well watered and water stress conditions in 

cereals. Moreover, Fischer (1980) has postulated that the translocation of pre-

stored carbon from leaves and stem to the grain, may permit the grain to grow at 

higher rates than the rate of accumulation of dry matter by the crop during grain 

filling. He further claims that it may be the cause of the observation that water 

stress, which reduces photosynthesis rate, does not reduce the rate of grain 

filling in the short term. 

Pheloung and Siddique (1991) partitioned the assimilate produced over 

the life of the plant into three components: i) dry matter produced after anthesis 

and translocated directly to the grain; ii) dry matter produced before anthesis 

and remobilized to the grain during grain filling, and iii) dry matter produced after 

anthesis but stored temporarily in vegetative organs, before being translocated 

to the grain. In terms of photosynthate sources, it can considered that two types 

of sources contribute assimilates for grain filling in wheat and barley. These are 

current photosynthate transferred directly to the grain, and photosynthate 

redistributed from reserve pools in vegetative tissues. There has been 
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considerable interest in understanding the relationships between photosynthetic 

activity of the plant (source) and the capacity of the plant to uptake assimilates 

(sink). Many experiments have been conducted to elucidate whether grain filling 

is limited by source or sink. Results obtained by Jenner and Rathjen (1972a , 

1972b), Austin and Edrich (1975), and Martinez-Carrazco and Thorne (1979) 

indicated that a decrease in photosynthesis rate during grain filling is usually not 

translated into a proportional decrease in the rate of grain filling. Conversely, 

when kernels were removed, the rate of photosynthesis did not show a 

significant response to the treatment. These observations suggest that the rate 

of assimilate deposition in reproductive tissue (grain) is not closely coupled with 

the rate of photosynthate production, and it is possible that this partial 

independence relies on the operation of temporary storage pools. The 

investigations of Jenner and Rathjen (1972a, 1972b) and Fisher and Gifford 

(1987) also demonstrate the temporary storage pools are operating during the 

diurnal cycle, since they found that dry matter accumulation in kernels is 

operative during the negative-balanced dark period of the cycle. In the study of 

Jenner and Rathjen (1972), the concentration of sucrose in the flag leaf blade 

increased during the morning and midday, then decreased throughout the latter 

part of the afternoon and the following dark period. The concentration of other 

soluble carbohydrates remained relatively low and did not show changes during 

the diurnal cycle. This results are in agreement with studies in barley by Gordon 

et al. (1980a, b). These studies are consistent in showing that the diurnal 

storage of carbohydrates occurs mainly in the form of sucrose. Throughout the 
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grain filling period relatively low amounts of carbohydrates are found in leaf 

blades of wheat (Spiertz and Ellen, 1978), and most of the C14-labelled 

assimilate is lost within 24 hours (Bell and Incoll, 1982). Thus, except for diurnal 

storage pools, mainly in the form of sucrose, leaf blades do not contain other 

(long term) carbohydrate storage pools. 

The main components of the soluble carbohydrates fraction present in 

wheat stems are fructans, which vary in their degree of polymerization, and may 

contain up to nine hexose units. Others components include glucose, sucrose, 

fructose, and various oligosaccharides ( Judel and Mengel, 1982; Pollock, 1986; 

Virgona and Barlow, 1991). However, the composition of the carbohydrates 

usually varies with the progress of the grain filling period and is influenced by 

factors including drought stress, and level of assimilate production (Black low et 

al., 1984; Kuhbauch and Thome, 1989; Virgona and Barlow, 1991). Several 

studies have shown that starch accumulation in wheat stems is negligible 

(Lopatecky et al., 1962; Judel and Mengel, 1982 ; Borrel et al., 1989). These 

reserves maintain a continuous carbon supply to the developing kernels mostly 

in the form of sucrose when translocation from current photosynthate is 

insufficient to meet the demands of grains and of other sinks (Fisher and Gifford, 

1987). 

The early work of Stoy (1963), showed that in wheat, soluble 

carbohydrates tend to accumulate at a maximum rate around anthesis , and that 

most of the absorbed carbon dioxide is deposited in the stems as nonstructural 



11 

dry matter. This source of carbon was shown to be re-translocated to the 

developing grains during the grain filling period. 

Turner and Begg (1981) concluded, from a literature survey, that pre

anthesis assimilates contributed little to grain yield in cereals when water supply 

was abundant, but could contribute up to 30 % of the final grain yield when water 

deficits develop during grain filling. However, the importance of stored soluble 

carbohydrates as a source of grain dry matter has been the subject of conjecture 

for some time. In cereals, estimations on the contribution of remobilized soluble 

carbohydrates to final grain weight and yield, have varied from 3 % to near 60 % 

(Stoy, 1963; Ward low and Porter, 1967; Rawson and Evans, 1971; Austin et al., 

1977; Bidinger et al., 1977, Gallagher et al., 1977). Furthermore, Rawson and 

Evans (1971) , Austin et al. (1977) and Gallagher et al. (1977) noted that , under 

conditions that limit photosynthesis during grain filling, such as drought stress or 

shading, relative contributions from stored carbohydrates to grain dry matter 

increases. It was also observed by Austin et a/. (1977), that relocation of dry 

matter from the stems to the grains during grain filling, assessed by carbon-14 

labeling was greatest in those genotypes which lost most of their dry matter from 

stems and leaves. 

Rawson and Evans (1971) evaluated the contribution of stem reserves to 

grain development in six wheat cultivars differing in height at maturity. They 

found substantial losses of dry weight from the stem during the most rapid period 

of grain filling. Approximately one third of the loss in stem weight was due to 

respiration, and this process was found to be functioning at higher rates in the 
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short cultivars. The contribution from stem reserves to grain filling was estimated 

to vary from 2.7 % to 12 %, with the higher values occurring in conditions of 

reduced photosynthesis. They found no differences in the capacity of 

remobilization of stem reserves between tall and dwarf genotypes. In a similar 

experiment, Austin et al. (1980) studied the contributions to grain yield from pre

anthesis assimilation in barley genotypes differing in height, in two contrasting 

growing seasons. They found no differences between genotypes in the extent to 

which pre-anthesis assimilation contributed to grain filling. However, they noted 

an increased contribution from pre-stored carbohydrates to grain filling (up to 44 

% dry weight) in all the genotypes during a very dry and hot year. 

The effect of water stress on the transport of pre-stored carbohydrates 

was studied by Ward law (1967) using labeled carbon (C14). He found that 

although it did not significantly affect the transport of the assimilates, the rate of 

carbon assimilation by the leaves was reduced, possibly due to stomata! closure. 

The work of Aggarwal and Sinha (1984) also showed that water stress did not 

affect the rate of kernel development in wheat. It was concluded that the 

reduction in final kernel weight observed was mainly due to a shortening in the 

grain filling period. However, Kobata et al. (1992) found that water stress 

reduced the rate of grain filling, but this reduction was less than expected due to 

the re-translocation of pre-stored soluble carbohydrates in the stem. 

There have been few attempts in cereals to relate the amount of 

remobilization of soluble carbohydrates with the rate of development of drought 

stress. A study by Kobata et al. (1992) showed that the final grain size of wheat 
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subjected to water shortage varied with the rate of development of water deficits. 

With a rapid development of water deficit, grain growth was slowed earlier and 

photosynthesis decreased earlier, so that the proportion, but not the absolute 

amount, of stored soluble carbohydrates transferred to the grain was higher 

compared to a slower development of water deficit. In a similar study, Palta et a/. 

(1994) confirmed these observations and showed that rapid stress development 

reduced post-anthesis carbon assimilation by 57 % but the remobilization of 

stored carbohydrates was increased 36 %, compared to slow rate of drought 

development. Pre-anthesis nitrogen remobilized to the grain was also increased 

by drought stress, and contributions from pre-anthesis carbon and nitrogen to 

the grain were 64 and 81 % respectively, which are considerably higher than 

those observed in previous studies. 

Makunga et aL(1977) analyzed the effects of N application on the 

distribution of assimilates produced before and after anthesis in wheat plants. 

The results showed that, although the application of N significantly increased 

total biomass and yield, it did not significantly affect the distribution among plant 

parts of assimilates produced either before or after anthesis. In related studies, 

Campbell and Davidson (1979) and Campbell et al. (1983), analyzed the 

changes in assimilate partitioning in spring wheat, as influenced by N 

fertilization, temperature, and water stress. They showed that, while moisture 

stress decreased the concentration of stem soluble carbohydrates proportionally 

to the duration of the stress, temperature, on the other hand, influenced the time 

and level of maximum accumulation of soluble carbohydrates. With high 



14 

temperatures (27 °C / 12°C), the concentration of soluble carbohydrates in the 

stems decreased and reached a maximum accumulation at flowering. In 

contrast, a low temperature (22 °C / 12°C) during the reproductive period 

caused an increase in soluble carbohydrates concentration and delayed the time 

to maximum accumulation. It was also noted that the application of N increased 

the amount of nonstructural dry matter lost from stems and leaves, suggesting 

an increased contribution to grain yield. Similar results were obtained recently 

by Palta and Fillery (1995a,b) who studied the influence of nitrogen fertilization 

on carbohydrate remobilization during grain filling under field conditions. While 

grain yield at 60 Kg N was increased by 20 % relative to that of 15 Kg N, the 

contributions of pre-anthesis dry matter were increased more than 20 times. 

2.3 Selection Strategies for Late Drought Resistance 

Identification of postanthesis stress-resistant genotypes in breeding 

programs usually involves testing in unpredictable environments. It is also 

difficult to apply the proper selection pressure by affecting the same level of 

water stress during grain filling in a phenologically variable germplasm. This 

causes the effects of drought escape to be confounded with others traits that 

may contribute to the manifestation of drought resistance, such as accumulation 

and remobilization of soluble carbohydrates. Measurements of these substances 

in stems of cereals on a large scale is impractical, and isotope labeling and 

analysis is inefficient under field conditions (Blum, 1983a). 
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Blum et a/. (1983) developed a simple indirect method for the small grains 

in order to reveal the capacity for grain filling in the absence of transient 

photosynthesis. In this strategy plants are grown in the field under well watered 

conditions. The photosynthetic source from leaves, stems and spikes are 

destroyed after anthesis by spraying the plants with a 4 % solution of 

magnesium chlorate (Mg (CI03)2 or sodium chlorate (Na CI03). The chemical 

desiccates and bleaches the plants without killing them in the short term. The 

spray is applied to all genotypes at the same developmental stage (14 days after 

anthesis), when the grain growth rate enters the linear phase (Blocklehurst, 

1977) and the demand for assimilates is maximum. Genotypes are then 

evaluated at maturity by comparing kernel weight between treated and non 

treated plots. Blum et al. (1983a) found that chemical desiccation 14 days after 

anthesis induced earlier remobilization of stem soluble carbohydrates in some 

wheat strains. They also found that the extent of injury to kernel growth by 

chemical desiccation was smaller in those strains with greater capacity for 

remobilization of stem reserves. In a second study, Blum et al. (1983b) found 

that the extent of injury to kernel weight by terminal drought stress in a number 

of wheat cultivars, was significantly and positively correlated with the extent of 

injury to kernel weight produced by chemical desiccation. 

Hossain of al. (1990) investigated the utility of chemical desiccation using 

sodium chlorate as the desiccant for the detection of wheat genotypes with high 

capacity of remobilization of soluble carbohydrates. They observed that cultivars 

with historically stable kernel weights or yields across environments tended to 
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have less chemical desiccation injury. They also noted a trend showing older, 

taller cultivars having greater desiccation tolerance than newer, shorter cultivars. 

They suggested that this trend may be the result of the efforts of plant breeders 

to improve disease resistance and green leaf area duration. Thus, recent 

releases may be relying more heavily on current assimilates from the flag leaf, 

reducing the role of stored soluble carbohydrates from stems. 

Haley and Quick (1993) conducted a study to evaluate the effectiveness 

of chemical desiccation for early generation selection of wheat crosses with high 

resistance to kernel weight injury. They used three populations developed from 

all possible crosses of lines tolerant and sensitive to chemical desiccation. The 

authors concluded that crosses tolerant to chemical desiccation could be 

identified using early generation evaluation of bulks. 

An important issue in the evaluation of the methodology proposed by 

Blum et al (1983a) is the quantification of soluble carbohydrates present in the 

stems of wheat cultivars. Several studies on the amount and accumulation of 

soluble carbohydrates in wheat have resulted in contrasting conclusions. For 

example, McCaig and Clarke (1982) studied the changes of soluble 

carbohydrates levels that take place during the growing season in plants of 

spring wheat and oats. They concluded that soluble carbohydrates are more 

prevalent in stems than in green leaves , and that very low levels of these 

substances are found in dead leaves. For the wheat genotypes studied, the 

authors found that the maximum accumulation of soluble carbohydrates occurred 

about anthesis with concentrations ranging from 25 % to 48 % of stem dry 
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weight, and then declined toward maturity. However, Hossain et a/. (1990), 

found that stem soluble carbohydrates reached a peak in concentration at 15 

days after anthesis, and then declined toward maturity. The stem soluble 

carbohydrates concentrations estimated by these authors were much lower than 

those reported by McCaig and Clarke (1982). 

Ward law and Porter (1967) showed that the stems of the wheat plant 

accumulate soluble carbohydrates during the late vegetative phase and early 

grain filling stages. This accumulation has been shown to take place mostly 

between anthesis and the completion of endosperm cell division, leading to the 

linear phase of grain growth, between 10 and 15 days after anthesis 

(Blocklehurst, 1977). Slightly different results were obtained by Black low et al. 

(1984), who observed that in well watered wheat plants, most of the stem 

soluble carbohydrates accumulates in the first three weeks after anthesis. 

These observations have been recently confirmed by Kuhbauch and Thome 

(1989), Pheloung and Siddique (1991), and Davidson and Chevalier (1992). 

The accumulation of stem reserves in vegetative parts of wheat during 

the first days post anthesis play a key role in the manifestation of drought 

resistance and chemical desiccation tolerance. Furthermore, it is possible that 

the relative content, rather than the total amount of soluble carbohydrates, is 

more important in determining the capacity of a genotype to perform well under 

chemical desiccation and / or late season drought stress. There are few studies 

that have focused on detecting differences in the concentration and relative 

amount of soluble carbohydrates between genotypes in wheat. Furthermore, the 
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works of Blum et al. (1983a and 1983 b) did not examine the stored soluble 

carbohydrates to support their hypothesis. On the other hand, Hossain et al. 

(1989) did not relate the amount of soluble carbohydrates per stem to the yield 

per spike. In addition, their estimation of soluble carbohydrates concentration 

seems relatively low when compared to related studies. 

The technique devised by Blum et a/. (1983a) has obvious advantages. 

However, a critical evaluation is first needed to assess its applicability. 

Genotypes must be evaluated under chemical and late season drought 

conditions and their soluble carbohydrates accumulation quantified and followed 

over the grain filling period. Currently, only the work of Hossain et a/. (1989) has 

addressed some of the issues. A review of the most relevant bibliography shows 

that soluble carbohydrates accumulation in vegetative parts of the wheat plant 

is subjected to the influence of several factors. Differences in stem soluble 

carbohydrates concentration apparently exist between wheat genotypes. 

Environmental factors also influence the accumulation of soluble carbohydrates, 

and plant breeder's efforts to increase yield may have changed the role that 

stored carbohydrates have on the expression of late season drought resistance. 

All these factors may influence both the concentration and the pattern of 

accumulation of soluble carbohydrates over time. This in turn may influence the 

response of the genotypes to chemical and drought stress, and ultimately, could 

affect the suitability of the desiccation technique in breeding for late season 

drought stress. 
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3. Materials and Methods 

All experiments were conducted Hyslop Crop Science Field Laboratory, 

near Corvallis, and on the Sherman Branch Experimental Station located in 

Moro, Oregon. The study was conducted over a two year period from 1994 to 

1996. 

3.1 Description of cultivars used in the study 

Nine cultivars were selected for this study. They were chosen on the basis 

of their reputed differences in yield performance and drought resistance. 

"Stephens" is a widely adapted, mid season soft white winter wheat, with good 

performance across a wide range of environments. It is the most popular cultivar 

grown in Oregon. However, recent studies (Saulescu et al., 1995) have shown its 

susceptibility to water stress at the seedling stage. Gene is a recently released, 

early maturing, soft white winter cultivar that has outyielded Stephens in some 

locations, particularly under high rainfall areas of Western Oregon and some dry 

locations of Eastern Oregon. "Hoff' , a hard red, mid season winter wheat, has 

shown a consistently lower yield performance than Stephens and Gene in dry 

areas like Moro and Pendleton. "Sturdy" is a hard red, early maturing cultivar 

(Atkins et al., 1967; Cox , 1991), and is reputed to be susceptible to drought 

stress during the grain filling period (Winter et al, 1988). "TAM101" a hard red 

winter wheat (Porter, 1974), apparently resists desiccation during grain filling 

and sometimes remains green longer than other cultivars during late season 
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drought (Winter et al, 1988). "TAM105" , a hard red winter cultivar (Porter et 

aL,1980), is a drought resistant cultivar and it is used extensively as a check in 

studies on drought and heat stress. "TAM108" is a hard red winter wheat, with 

greater yield potential than TAM101 and TAM105 and good performance under 

both irrigated and dryland yield trials in Texas (Winter et al., 1988). "Fundulea 4" 

, is a high yielding hard red winter wheat, mid to late maturing cultivar, noted for 

its high kernel weight and disease resistance. "KS89WGRC9" (KS89) (Sears et 

al., 1992) is a stress tolerant hard red winter wheat line, developed through in 

vitro selection. It has been shown to have lower stomatal resistance and to 

perform better under drought and heat stress than its parental line (Lu et al., 

1989). Information on pedigrees and year of release of the cultivars are 

presented in Appendix Table 1. 

3.2 Experiments conducted at the Hyslop Crop Science Field 
Laboratory 

At the Hyslop Crop Science Field Laboratory, a winter rainfall pattern 

provides a wet environment through most of the wheat growing season. Total 

precipitation for the 1994-1995 and 1995-1996 growing seasons was 1210.81 

mm and 1524.02 mm, respectively with temperature averages of 11.97°C and 

11.47 °C for both seasons. Mean maximum and minimum temperatures for 

1994-1995 season were 27.77 °C (July) and 0.96 °C (November). In the 

second year of experiments, maximum and minimum mean temperatures 

registered were 29.67 °C (July) and 1.28 °C (February). During the last three 
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months of the growing season water balance (precipitation minus pan-

evaporation) resulted in a deficit of 333.25 mm and 364.75 mm of water for 

both seasons, respectively. The soil type at this site is a fine silty, mixed mesic 

Aqultic Argixeroll. A summary of meteorological data is presented in Appendix 

Tables 2 and 3. 

3.2.1 Description of Treatments (1994-1995 growing season) 

At Hyslop, a split plot design was used with chemical desiccation and 

nontreated control as main plots in randomized complete blocks with three 

replications. On each main plot, the wheat cultivars were randomly assigned to 

the subplots. 

Wheat genotypes were planted 25 October 1994, at a rate of 50 seeds 

per linear meter in four row plots, five meters long. In order to facilitate spray 

penetration into the canopy, rows were spaced 30 cm apart. 

Nitrogen was applied in split applications. Urea was applied at planting 

time, at a rate equivalent to 45 Kg of nitrogen per hectare. A second application 

in the form of ammonium nitrate equivalent to 67 kg nitrogen per hectare was 

applied at tillering stage (Zadocks 2.5). For weed control, a fall application of 

an herbicide mixture was applied when the wheat plants possessed at least two 

to three leaves (Zadoks 1.2-1.3). The mixture consisted of the herbicides 

Diuron (dichlorophenyl) and Finesse (chlorsulfuron + metsulfuron), at rates of 

0.80 Kg a.i. and 0.15 Kg a.i / ha, respectively. The fungicide Tilt 

(propiconazole) was applied at the late tillering stage (Zadoks 2.5-3.0) to 
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prevent infection Septoria tritici and other fungal diseases. The application 

was carried out at a rate of 300 cc a.i./ha with a total volume of 200 Uha of 

solution. 

Plots were treated with a chemical desiccant to completely destroy 

photosynthetic surface of leaves sheaths and blades, stems and spikes. The 

chemical desiccant used was sodium chlorate (NaCI03) applied at a rate of 2.5 

% w/v (0.24 mol /L). A wetting agent was included in the solution to improve 

coverage. The solution was sprayed to completely wet the foliage 15 days after 

anthesis (Zadocks 6.5). Sodium chlorate is a strong oxidizing agent, and has 

been used in the past as a contact herbicide to control a wide spectrum of 

weeds (Blum et al. 1983). 

3.2.2 Measurements 

Anthesis date for each plot was recorded when 50 % of the plants in the 

plot had anthers extruding the middle third of the spike. Date of maturity was 

estimated on the basis of the disappearance of green color from top internode 

and spike peduncle. 

Tillers similar in size and stage of development were tagged at anthesis 

for sampling. Five to seven tillers were cut at their bases from all plots at 

anthesis, 15 days post anthesis (but immediately before chemical desiccation) 

and 21 and 28 days post anthesis. All samples were taken between 10:00 am 

and 2:00 p.m. Samples were quickly dried at 60-65 °C with a continuous air 

flow for at least 48 hours and then separated into two distinct fractions, stem + 



23 

sheath and leaf, and subsequently weighted. The fractions stem+ sheath and 

leaf were saved for analysis of total soluble carbohydrates. These analysis 

were performed on only two replications of treated and non-treated plots. 

Fifteen days after anthesis, and before spray application, kernel weight per 

spike was estimated on the basis of 3-4 randomly selected spikes. 

At harvest, a sample of approximately 100 g of dry matter, was taken 

from control plots, to estimate harvest index. The total kernel weight from the 

sample was related to total sample weight (sample biomass). Plot yield was 

obtained by harvesting 3 m2 area from each plot (two central rows) and 

corrected to account for previous sampling. Final kernel weight was estimated 

based on 500 kernels sampled from harvested material of the control plots, and 

250 kernels from all chemically desiccated plots. 

3.2.3 1995-1996 growing season 

During the 1995-1996 growing season, plots were planted on 18 

October 1995, and the experimental design was the same to that used in the 

first growing season. Fertilization and weed control was performed in a similar 

fashion as well. However, a moderate infestation of annual bluegrass (Poa 

annua L.) required manual weeding. 

Since the sodium chlorate solution severely affected kernel growth the 

first year, it was decided to lower the desiccant concentration from 2.5 % w/v to 

2.0 % w/v. The amount of wetting agent remained the same. 
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Sampling and handling of plant material was similar to 1994-1995, but 

only five tillers were sampled at each sampling date. Heavy rain during mid 

winter, severely damaged one block ( and moderately affected a second one) 

thus limiting measurements and analysis to only two blocks. 

3.3 Experiments Conducted at the Sherman Experimental 
Station (Moro) 

At the Sherman Branch Experimental Station (Moro, Oregon), the 

environment is considerably dryer than at Hyslop, but the pattern of winter 

precipitation also is present. Average precipitation was 354.3 mm and 421.3 

mm for 1994-1995 and 1995-1996 growing seasons, respectively. Average 

temperatures recorded for both periods were 7.99 °C and 7.83 °C, respectively. 

Average maximum and minimum temperatures were 27.03 °C (July) and -3.73 

°C (January) for 1994-1995. During 1995-1996, maximum and minimum 

averages were 31.02 °C and -5.29 °C, respectively. Water balance 

(precipitation minus pan evaporation) during the last three months of the 

growing cycle were -626.62 mm and -625.85 mm. Soil type at Moro is a coarse-

silty, mixed, mesic typic Haploxeroll. A summary of meteorological records for 

both periods are presented in Appendix Tables 4 and 5. 

At the Moro site, plots were planted on September 26 and September 28 

for the 1994-1995 and 1995-1996 periods, respectively. A split plot design was 

used with main plots arranged in a randomized complete block design. The 

treatments applied to the main plots consisted of drip irrigation, which was 
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started when the first cultivar reached the flowering stage (Zadoks 6.5), and 'no 

irrigation' , in which plots were grown without additional water throughout the 

grain filling period. The drip irrigation system was set to provide a well-watered 

soil profile during the grain filling period. Cultivars were randomly assigned to 

the subplots. Plots were seeded at a rate of 50 seed per linear meter in four 

row plots, five meters long, spaced 22 cm apart. Prior to sowing, the field was 

sprinkle-irrigated with approximately 25 mm of water in order to improve 

germination and to facilitate stand establishment. Similarly, all the plots were 

sprinkle irrigated with approximately 20 mm of water before anthesis (Zadoks 

6.5), in order to avoid early drought stress and reduced seed set. Nitrogen in 

the form of urea was applied before planting, at a rate of 60 Kg of nitrogen per 

hectare. A second application at late tillering (Zadoks 2.5-3.0) in the form of 

ammonium nitrate provided an additional 40 Kg of nitrogen per hectare. 

During the 1994-1995 growing season, samples of 10 tillers were 

randomly collected from each plot at flowering (Zadoks 6.5), 15 and 28 days 

after anthesis . Tillers were cut at ground level and dried to constant weight at 

55 °C for 48 hours using hot air flow. Sampling was performed between 

12:30pm and 3:30pm. Samples were processed in the same manner as at 

Hyslop. 

During 1995-1996 season, 20 tillers from each plot similar in size and 

stage of development (mainly primary tillers) were tagged at flowering. 

Sampling dates included anthesis, 15, 21 and 28 days post anthesis. At each 

date, five tillers from each plot were sampled. Tillers were cut at ground level, 
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from the two central rows only and were quickly dried in the same manner as 

for the first year. A heavy rain during January 1996 affected one block, 

resulting in mud slides which partially covered several subplots. This block 

was omitted from the analysis. A moderate leaf rust infection was detected in 

early June, which particularly affected TAM101, TAM105, Sturdy and KS89. 

Partial control of the disease was obtained with one application of the fungicide 

Tilt (propiconazole) . The rate of application was of 300 cc a.i./ ha, with a total 

volume of 150 L/ha of solution. 

During 1995-1996, photosynthesis rate, stomata! conductance, air 

temperature and leaf temperature were measured on those plots less affected 

by the disease. Measurements were made with a Portable Photosynthesis 

System LI-6200 on three flag leaves from the two central rows of irrigated and 

non irrigated plots. A leaf area of about 15 cm2 was enclosed in a 0.25 L 

volume chamber and relative humidity inside the chamber was stabilized 

forcing air to flow through a magnesium perchiorate desiccant tube. Three 

readings were performed on a single leaf. Each reading was the result of a 15

second exposure time. Measurements were performed between 10:00 am and 

12:30pm. 

The two central rows from each plot were harvested with a mechanical 

binder and subsequently threshed to obtain plot yield. Total area harvest was 

2.2 m2 . Kernel weight was obtained by weighting 500 kernels obtained from 

the harvested material. 
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3.4 Analysis of Total Soluble Carbohydrates
 

Determination of Total Soluble Carbohydrates was performed following 

the general methodology of Dubois et al. (1956). Previous to the analysis, the 

samples were dried again for 12 hours with a continuous air flow at 65 °C and 

immediately ground to a fine powder (1 mm mesh) in a Willey Mill. An aliquot of 

approximately 200 mg of the ground tissue was first extracted in 80 ml volume 

test tubes with 10 ml ethanol 85 % at 65°C for 40 minutes, with periodic 

shaking. Subsequently, 40 ml distilled water was added to each tube, and 

extraction was allowed to continue at 70 °C for another 40 minutes with 

frecuent shaking. Tubes were covered with paraffin film to avoid evaporation. 

The samples were then allowed to cool to room temperature and 1 ml of the 

extract was filtered and diluted 1:20 in distilled water. In the final step, 1 ml of 

the solution was treated with 1 ml phenol 5 % and 5 ml concentrated sulfuric 

acid giving a yellow color reaction. The tubes were then allowed to stand for 30 

minutes before absorbance readings were taken. 

The absorbance of the solution was measured at 490 nm wave length in 

a 'Spectronic 1001' spectrophotometer (Milton Roy Inc.). Blanks were prepared 

by substituting the sugar solution with distilled water. For each batch (usually 

containing 20 to 25 samples), a sample of ground stem tissue was included as 

check. A tube containing 1 ml of 50 µg /ml solution ofsucrose was also 

included as a check. The amount of sugar was then determined by reference to 

a standard curve constructed using sucrose as the standard. 
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The reference curve was obtained by fitting a regression line to a set of 

eleven data points obtained by measuring absorbance of a set of known 

sucrose reference solutions ranging from 0 to 100 pg /mI , with 10 µg /ml 

intervals (Appendix Table 6). 

Stem and leaf samples from the experiments conducted at the Hyslop 

site were also analyzed for the determination of nitrogen. Nitrogen content in 

the samples were obtained by the Dumas combustion method using a Leco 

Nitrogen Determinator FP-428. The statistical analysis of the samples 

revealed very important inconsistencies in the measurements, and it was 

decided not to report those results in this investigation. 

3.5 Statistical Analysis 

Satistical analysis were performed using the Statistical Analysis System 

(SAS, 1983*). The GLM procedure was used to perform most of the statistical 

analysis. A repeated measures analysis of variance was used to relate the 

changes in soluble carbohydrates with time (sampling date), according to the 

general methodology as explained in Kuehl (1994). In this type of analysis, 

sampling dates are considered as the levels of a second factor (time) applied 

to the main plots (cultivars) as in a split-plot type of experiment. The adequacy 

of such approximation is tested by the sphericity test, using the Mauchly's test. 

Time (sampling dates) and cultivars were treated as fixed effects. The F tests 

of the within subject analysis were adjusted according to the method proposed 
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by Greenhouse and Geisser (Kuehl, 1994). The 'CORR' procedure was used 

to estimate simple (Pearson) correlations using cultivar means. 
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4. Results 

4.1. Experiments at Hyslop 

4.1.1 Chemical Desiccation 

The application of sodium chlorate at the rate of 2.5 % w/v 15 days post 

anthesis completely destroyed all photosynthetic sources of the plants within 

three days after the application. Leaf blades, sheaths, peduncles, and spike 

structures, including glumes and awns, showed symptoms of desiccation 24 

hours after the application. Leaf blades and glumes were the first structures to 

show symptoms . Peduncles remained greener for a longer period of time 

(about 48 hours). During the second year of experiments (1995-1996), with a 

lower concentration of Sodium Chlorate (2.0% w/v), complete desiccation was 

reached three days after spraying, and symptoms of desiccation were delayed 

until the second day after the application. Thus, for practical purposes, it can be 

assumed that photosynthesis was stopped within two to three days after 

spraying the desiccant, and that it was severely impaired 48 hours after the 

treatment. Previous reports have indicated that some wheat genotypes may 

respond to chemical desiccation by growing new tillers. None of the cultivars 

used in this study responded in this manner. 
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4.1.2 Analysis of Soluble Carbohydrates and Related Traits 

4.1.2.1 Hyslop 1994-1995 

Cultivar mean values for stem soluble carbohydrates content (expressed 

as percentage of stem dry matter) at each sampling date for the period 1994

1995, can be found in Table 1. Values in parenthesis correspond to plots 

subjected to chemical desiccation. The variation in stem soluble carbohydrates 

(cultivar mean values) over time is displayed in Figure 1. Results from the 

repeated measures analysis of variance are presented in Appendix Table 7. 

This analysis involved only the observations on control plots taken at anthesis, 

15, 21 and 28 days after , and at maturity. The Mauchly's test of sphericity 

yielded a chi-square probability of 0.03, indicating a violation of the assumption 

of sphericity. The between subject analysis of variance showed statistically 

significant differences in cultivar mean response at a=0.05. Time and time by 

cultivar interaction also were significant at a= 0.05. Table 2 and 3 provide the 

analysis of mean values for sampling dates for each cultivar, and for cultivars at 

each sampling date, respectively. Differences in mean values were observed 

between sampling dates for each cultivar. In general, the maximum stem soluble 

carbohydrates concentrations were observed at 15 and 21 days post anthesis 

(Table 2 and Figure1), with no differences in mean values. Exceptions were for 

Fundulea and TAM105, in which carbohydrates concentration at 15 days post 

anthesis were higher than at 21 days post anthesis. At each sampling date, 
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Table 1.	 Cultivar mean values for Stem Soluble Carbohydrate 
concentration (percentage of stem dry matter) at anthesis, 15, 21, 
28 days after anthesis, and at harvest maturity. Numbers in 
parenthesis correspond to chemically desiccated plots. Hyslop 
Crop Science Field Laboratory 1994-1995. 

Sampling Date 

Cultivar anthesis 15daa 21daa* 28daa harvest Mean 

Fundulea 33.18 45.25 38.31 (17.12) 24.35 (7.79) 11.40 30.49 

Gene 31.38 38.49 35.26 (10.64) 14.72 (6.45) 7.17 25.40 

TAM108 23.93 34.85 33.00 (16.27) 21.95 (5.17) 7.00 24.15 

Stephens 20.36 31.83 31.15 (21.75) 13.76 (8.28) 7.38 20.89 

Hoff 19.82 32.97 31.80 (15.54) 8.94 (5.82) 10.70 20.85 

Sturdy 11.38 26.92 28.06 (14.47) 15.17 (5.28) 7.10 17.72 

KS89 16.20 24.49 26.63 (17.25) 14.70 (6.28) 4.20 17.24 

TAM105 12.11 27.26 23.50 (12.47) 11.67 (4.60) 4.10 15.72 

TAM101 9.59 23.63 26.36 (10.85) 14.30 (6.68) 3.00 15.37 

Mean 19.77 31.74 30.45 (16.26) 15.50 (6.26) 6.92 

*daa: days after anthesis 
LSD (cultivar, time)= 3.20 
LSD(time, cultivar)= 3.38 
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Figure 1. Variation in Stem Soluble Carbohydrates with time from anthesis to harvest maturity. 
Hyslop Crop Science Field Laboratory 1994-1995. 



Table 2.	 Stem Soluble Carbohydrates Concentration: comparison of sampling date mean values at each cultivar 
(control plots). Hyslop Crop Science Field Laboratory, 1994-1995. 

Date Fundulea Gene TAM108 Stephens Hoff Sturdy KS89 TAM105 TAM101 Mean 

anthesis 33.18 (c) 31.38 (g) 23.93 (k) 20.36 (n) 19.82 (r) 11.38 (v) 16.20 (y) 12.11 (c) 9.59 (g) 19.77 

15daa(*) 45.25 (a) 38.49 (f) 34.85 (j) 31.83 (m) 32.97 (q) 26.92 (t) 24.49 (x) 27.26 (a) 23.63 (e) 31.74 

21daa 38.31 (b) 35.26 (f) 33.00 (j) 31.15 (m) 31.80 (q) 28.06 (t) 26.63 (x) 23.50 (b) 26.36 (e) 30.45 

28daa 24.35 (d) 14.72 (h) 21.95 (k) 13.76 (o) 8.94 (s) 15.17 (u) 14.70 (y) 11.67 (c) 14.30 (f) 15.50 

harvest 11.40 (e) 7.17 (i) 7.00 (l) 7.38 (p) 10.70 (s) 7.10 (w) 4.20 (z) 4.10 (d) 3.00 (h) 6.92 

Mean 30.49 25.40 24.15 20.89 20.85 17.72 17.24 15.72 15.37 

*daa: days after anthesis 
LSD :3.38. Means with the same letter are not significantly different at cc= 0.05. 
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Table 3.	 Stem Soluble Carbohydrates concentration: comparison of 
cultivar mean values at each sampling date (control plots). 
Hyslop Crop Science Field Laboratory, 1994-1995. 

Sampling Date 

Cultivar anthesis 15daa* 21daa 28daa harvest Mean 

Fundulea 33.18 (a) 45.25 (e) 38.31 (I) 24.35 (p) 11.40 (u) 30.49 

Gene 31.38 (a) 38.49 (f) 35.26 (I) 14.72 (q) 7.17 (v) 25.40 

TAM108 23.93 (b) 34.85 (g) 33.00 (I) 21.95 (p) 7.00 (v) 24.15 

Stephens 20.36 (c) 31.83 (g) 31.15 (Im) 13.76 (qr) 7.38 (v) 20.89 

Hoff 19.82 (c) 32.97 (g) 31.80 (I) 8.94 (t) 10.70 (u) 20.85 

Sturdy 11.38 (d) 26.92 (h) 28.06 (mn) 15.17 (q) 7.10 (v) 17.72 

KS89 16.20 (c) 24.49 (ij) 26.63 (no) 14.70 (qrs) 4.20 (vw) 17.24 

TAM105 12.11 (d) 27.26 (j) 23.50 (o) 11.67 (st) 4.10 (vw) 15.72 

TAM101 9.59 (d) 23.63 (k) 26.36 (no) 14.30 (qrs) 3.00 (w) 15.37 

Mean 19.77 31.74 30.45 15.50 6.92 

*daa: days after anthesis
 
LSD: 3.20. Means with the same letter are not significantly different at a=0.05.
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significant differences were found between cultivars (Table 3). Cultivars with 

high levels of carbohydrates at anthesis tended to maintain higher levels at 

successive sampling dates. Overall mean values were higher for Fundulea 

(30.49 %), Gene (25.40%) and TAM105 (24.15%). Stephens and Hoff had 

similar mean values when averaged over time (20 %). Sturdy, KS89WGRC9 

(from now on referred as KS89), TAM105 and TAM101 had lower levels of 

carbohydrates, ranging from 17.72% to 15.37%, when averaged over time. 

Maximum mean concentrations were found between 15 and 21 days after 

anthesis. Fundulea had the highest concentration of soluble carbohydrates 

observed in the experiments,15 days post anthesis (45.25 %). Soluble 

carbohydrates concentration tended to rise during the first two weeks post 

anthesis in all cultivars, but the increment seems to be more important in those 

cultivars with lower concentration at flowering, like TAM105, Sturdy and 

TAM101, in which initial concentrations more than doubled during this period. It 

can also be observed that soluble carbohydrates tended to remain at about the 

same level during the period between 15 and 21 days after anthesis (overall 

mean for both periods were 31.74 % and 30.45 %, respectively), and then 

declined toward maturity. The effect of the desiccant was to lower the observed 

concentration of soluble carbohydrates (Table 1). For example, seven days after 

spraying the solution (21 days after anthesis), a significant decrease in 

carbohydrates concentration was observed for all entries. Overall mean values 

of the desiccated plots 21 days after anthesis were 16.26 %, compared to 30.45 

% for control plots. Twenty eight days after anthesis, soluble carbohydrates 
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concentration in chemically desiccated plots approached that of control plots at 

maturity. 

Individual analysis of the response over time (data not shown) indicated 

that for the period between anthesis and 28 days after anthesis, which 

comprises at least 70 % of the grain filling period, a quadratic curve was 

sufficient to model most of the individual responses. Despite the observed 

interaction between cultivars and time, an orthogonal polynomial model was 

used to provide information about the overall mean response over time for the 

set of cultivars studied. This analysis was also performed for the 1995-1996 

period and for both years combined in order to test for possible effects of year 

on the mean response. Table 4 shows the results of the analysis of variance 

and the parameter estimates. For the period studied, a quadratic curve was 

sufficient to model the average' response over time. The final equation was y = 

9.58 + 2.09 01 0.08 02 . An R2 of 0.54 was obtained indicating a moderate 

variation around the mean response within sampling dates. 

Cultivar mean values for leaf soluble carbohydrate concentration, 

(expressed as percentage of leaf dry matter) are presented in Table 5. Figure 2 

shows the variation in leaf soluble carbohydrates over time. The corresponding 

repeated measures analysis of variance is presented in Appendix Table 8. 

Mauchly's test for sphericity yielded a chi-square probability of 0.07. Averaged 

over time, cultivar means were significantly different (p=0.03). Time, but not the 

interaction of time by cultivar, was significant. Maximum soluble carbohydrates 

concentration was found at 15 days after anthesis for all cultivars, with values 
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Table 4. Analysis of variance and parameter estimates of the polynomial 
regression analysis for Stem Soluble Carbohydrates overall mean 
over time. Hyslop Crop Science Field Laboratory, 1994-1995. 

Analysis of variance 

Source df MS F Pr>F 

model 2 833.76 19.75 0.001 

error 33 42.21 

R2 = 0.54 

Parameter df Estimate SE P<[t] 

Intercept 1 19.58 2.15 0.001 

time linear 1 2.09 0.36 0.001 

time quadratic 1 -0.08 0.01 0.001 
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Table 5.	 Cultivar mean values for Leaf Soluble Carbohydrate 
concentration (percentage of stem dry matter) at anthesis, 15, 21, 
and 28 days after anthesis. Numbers in parenthesis correspond 
to chemically desiccated plots. Hyslop Crop Science Field 
Laboratory 1994-1995. 

Sampling date 

Cultivar Anthesis 15 daa* 21 daa 28daa Mean 

Fundulea 2.56 6.08 5.32 (2.28) 2.57 (0.91) 4.13 (a) 

TAM108 2.82 5.16 4.61 (1.90) 2.47 (0.63) 3.76 (ab) 

Gene 3.53 5.65 4.10 (1.31) 1.71 (0.74) 3.75(ab) 

Stephens 2.48 5.28 4.34 (1.42) 1.44 (0.71) 3.38(abc) 

Hoff 2.59 5.28 2.89 (1.63) 1.78 (0.68) 2.96(bcd) 

TAM101 2.02 3.91 3.44 (1.40) 1.75 (0.60) 2.78(bcd) 

TAM105 2.22 3.93 2.71 (1.71) 1.45 (0.54) 2.57(cd) 

Sturdy 1.60 3.54 3.30 (1.40) 1.70 (0.40) 2.53 (cd) 

KS89 2.20 3.81 1.66 (1.34) 1.04 (0.55) 2.15 (d) 

Mean	 2.45 (c) 4.66 (a) 3.59 (1.60)(b) 1.77 (0.65)(d) 

*daa:days after anthesis 
LSD (time)=0.65 
LSD (Cultivar)= 1.00 

http:time)=0.65
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Figure 2.	 Variation in Leaf Soluble Carbohydrates with time from anthesis to 28 days after anthesis. 
Hyslop 1994-1995. 
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ranging from 3.54 % for Sturdy, to 6.08% for Fundulea. Time (sampling dates) 

mean values (averaged over cultivars) were 2.44 %, 4.66 %, 3.59 % and 1.77 % 

at anthesis, 15, 21 and 28 days post anthesis, respectively. Chemically 

desiccated leaf blades showed a marked reduction in soluble carbohydrate 

content two weeks after the application of the desiccant, with an overall mean of 

0.65 %. The results suggest that the leaf soluble carbohydrates did not remain at 

the same levels between two to three weeks post anthesis, but declined after 

reaching a maximum 15 days after flowering. 

Cultivar mean values for stem weight including the leaf sheath at each 

sampling date are found in Table 6. The repeated measures analysis of 

variance in Appendix Table 9 shows that there was an overall mean effect of 

cultivars (between subject analysis). Time effect also was significant, but the 

interaction term was found non significant. Overall mean values were higher for 

Fundulea, Gene , Stephens and Hoff (> 3.2 g). Lower values were observed for 

TAM101, TAM105 , TAM108, Sturdy and KS89 (< 2.7 g). In general, it can be 

seen that stem weight followed the same trend as the concentration of the stem 

soluble carbohydrates . Cultivar mean values increased during the two weeks 

period following anthesis , remained at about the same level during the next 

seven days, and then declined until maturity. Observed stem weights at harvest 

may be underestimating actual weights due to loss of plant parts caused by 

climatic factors (wind) and / or handling. The effect of the chemical desiccant 

was to lower stem weights, when compared to control plots. For example, 
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overall stem weight mean of the control plots 21 days after anthesis was 3.14 g, 

compared with 2.53 g under chemical desiccation. 

4.1.2.2 Hyslop 1995-1996 

Cultivar mean values for stem soluble carbohydrates concentration at 

each sampling date are presented in Table 7. Values in parenthesis correspond 

to chemically desiccated plots. Figure 3 illustrates the variation in stem soluble 

carbohydrates over time, using cultivar mean values. Results from the repeated 

measurements analysis of variance are shown in Appendix Table 10. Mauchly's 

test yielded a chi-square probability of 0.28. The overall mean effect was 

statistically significant (`between subject' effects for cultivars). Time and cultivar 

by time interaction were also significant. The comparison of sampling date 

mean values at each cultivar is presented in Table 8, while Table 9 provides 

the comparison between cultivar mean values for each sampling date. Fundulea 

(29.25%), Gene (26.63%) and TAM108 (25.51%), had the higher soluble 

carbohydrates concentrations when averaged over time (Table 8). Lower values 

were found for Hoff (21.04%), Stephens (20.11%), Sturdy (18.31%0, KS89 

(17.88 %), TAM101 (16.92%), and Tam105 (15.64%). Maximum concentration of 

carbohydrates were found at 15 and 21 days after anthesis, except for TAM105, 

in which the stem carbohydrates concentration was highest at 15 days post 

anthesis. Maximum observed mean concentration corresponded to Fundulea, 

21 days post anthesis (42.37%). Differences between cultivars at each sampling 
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Table 6. Cultivar mean values for stem weight (in grams) at anthesis, 15, 
21 and 28 days after anthesis, and at harvest maturity. Numbers 
in parenthesis correspond to chemically desiccated plots. Hyslop 
Crop Science Field Laboratory 1994-1995. 

Sampling Date 

Cultivar anthesis 15daa 21daa* 28daa harvest Mean 

Fundulea 3.60 4.02 3.90 (3.31) 3.60 (2.95) 3.36 3.69(a) 

Gene 2.96 3.76 4.01 (3.0) 3.40 (2.75) 2.93 3.41(a) 

Hoff 3.20 3.54 3.60 (3.45) 3.40 (2.85) 2.70 3.28(a) 

Stephens 3.10 3.64 3.60 (3.60) 3.45 (2.85) 2.76 3.31(a) 

KS89 2.54 2.82 2.72 (1.95) 2.75 (2.04) 2.56 2.67(b) 

Sturdy 2.34 2.70 2.85 (2.20) 2.05 (2.20) 2.20 2.63(b) 

TAM108 2.48 2.70 2.70 (1.95) 1.85 (2.04) 2.40 2.42(b) 

TAM101 1.86 2.50 2.52 (1.80) 2.35 (2.20) 2.13 2.21(b) 

TAM105 2.30 2.46 2.40 (1.55) 1.75 (2.00) 2.13 2.21(b) 

Mean 2.67 3.12 3.14 (2.53) 2.73 (2.43) 2.58 

*daa: days after anthesis 
LSD (time, cultivar)= 0.26 
LSD (cultivar, time)= 0.47 
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Table 7.	 Cultivar means for Stem Soluble Carbohydrate concentration 
(percentage of stem dry matter) at anthesis, 15, 21, 28 days after 
anthesis, and at harvest maturity. Numbers in parenthesis 
correspond to chemically desiccated plots. Hyslop Crop Science 
Field Laboratory 1995-1996. 

Sampling Date 

Cultivar anthesis 15daa 21daa* 28daa harvest Mean 

Fundulea 29.00 41.30 42.37 (15.67) 24.30 (4.35) 9.30 29.25 

Gene 28.97 37.28 40.16 (11.43) 19.22 (5.62) 7.56 26.63 

TAM108 28.45 33.41 35.16 (14.71) 19.84 (8.48) 11.09 25.51 

Hoff 19.10 31.74 31.33 (15.66) 17.61 (5.55) 5.54 21.04 

Stephens 18.21 31.24 29.30 (19.17) 16.17 (7.28) 5.67 20.11 

Sturdy 10.79 28.35 29.77 (13.7) 16.50 (7.21) 6.16 18.31 

KS89 15.58 28.04 24.63 (14.21) 14.33 (8.75) 6.85 17.88 

TAM101 12.83 25.39 25.82 (13.08) 15.61 (6.67) 4.96 16.92 

TAM105 14.47 27.22 21.11 (13.24) 11.12 (5.5) 4.30 15.64 

Mean 19.7 31.55 31.07 (14.54) 17.19 (6.6) 6.83 

*daa: days after anthesis 
LSD (time,cultivar)= 4.04 
LSD (cultivar,time)= 3.50 
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Figure 3.	 Variation in Stem Soluble Carbohydrates with time from anthesis to harvest maturity.
Hyslop 1995-1996. 



Table 8. Stem Soluble Carbohydrates concentration: comparison of sampling date mean values for each cultivar.
Hyslop Crop Science Field Laboratory, 1995-1996. 

Date Fundulea Gene TAM108 Hoff Stephens Sturdy KS89 TAM101 TAM105 Mean 

anthesis 29.00 (b) 28.97 (f) 28.45 (j) 19.10 (n) 18.21 (q) 10.79 (u) 15.58 (x) 12.83 (b) 14.47 (f) 19.7 

15daa* 41.30 (a) 37.28 (e) 33.41 (i) 31.74 (m) 31.24 (p) 28.35 (s) 28.04 (w) 25.39 (a) 27.22 (d) 31.55 

21daa 42.37 (a) 40.16 (e) 35.16 (i) 31.33 (m) 29.30 (p) 29.77 (s) 24.63 (w) 25.82 (a) 21.11 (e) 31.07 

28daa 24.30 (c) 19.22 (g) 19.84 (k) 17.61 (n) 16.17 (q) 16.50 (t) 14.33 (x) 15.61 (b) 11.12 (f) 17.19 

harvest 9.30 (d) 7.56 (h) 11.09 (I) 5.54 (o) 5.67 (r) 6.16 (v) 6.85 (y) 4.96 (c) 4.30 (g) 6.83 

Mean 29.25 26.63 25.51 21.04 20.11 18.31 17.88 16.92 15.64 

*daa: days after anthesis 
LSD: 4.04; Means with the same letter are not significantly different at a=0.05. 
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Table 9.	 Stem Soluble Carbohydrates Concentration: comparison of 
cultivar mean values for each sampling date. Hyslop Crop 
Science Field Laboratory 1995-1996. 

Sampling Date 

Cultivar anthesis 15daa* 21daa 28daa harvest Mean 

Fundulea 29.00 (a) 41.30 (e) 42.37 (h) 24.30 (m) 9.30 (qr) 29.25 

Gene 28.97 (a) 37.28 (e) 40.16 (h) 19.22 (n) 7.56 (rs) 26.63 

TAM108 28.45 (a) 33.41 (f) 35.16 (i) 19.84 (n) 11.09 (q) 25.51 

Hoff 19.10 (b) 31.74 (f) 31.33 (j) 17.61 (no) 5.54 (s) 21.04 

Stephens 18.21 (b) 31.24 (fg) 29.30 (j) 16.17 (no) 5.67 (s) 20.11 

Sturdy 10.79 (d) 28.35 (fg) 29.77 (j) 16.50 (no) 6.16 (rs) 18.31 

KS89 15.58 (bc) 28.04 (fg) 24.63 (k) 14.33 (op) 6.85 (rs) 17.88 

TAM101 12.83 (cd) 25.39 (g) 25.82 (1k) 15.61 (o) 4.96 (s) 16.92 

TAM105 14.47 (cd) 27.22 (cd) 21.11 (I) 11.12 (p) 4.30 (s) 15.64 

Mean 19.70 31.55 31.07 17.19 6.83 

*daa: days after anthesis
 
LSD: 3.50; Means with the same letter are not significantly different at a= 0.05.
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date were detected (Table 9). Cultivars that had high soluble carbohydrates 

concentration at anthesis, also had high values at 15 and 21 days after anthesis. 

Mean values of soluble carbohydrates increased during the period from anthesis 

to 15 days, increasing the overall percentage from 19.7% to 31.55%. They 

remained at about the same level for another week (21 days after anthesis), and 

then declined towards maturity. In contrast, cultivars like TAM101, Sturdy, 

TAM105, and KS89, showed a relatively high increase in concentration, as the 

concentration of stem soluble carbohydrates in these cultivars doubled during 

this period. 

The analysis of the overall mean response over time is shown in Table 

10. A quadratic polynomial curve was sufficient to model the observed variation 

over time, with an R2 of 0.56. The estimated quadratic equation was y = 19.01 + 

2 )31 + -0.07 R2. 

Cultivar mean values for leaf soluble carbohydrates (expressed as 

percentage of leaf dry matter) are presented in Table 11. Figure 4 was 

constructed using cultivar means to show the variation in leaf soluble 

carbohydrates over time. The results of the repeated measures analysis of 

variance are shown in Appendix Table 11. The Mauchly's test yielded a chi-

square probability of 0.63. Overall mean effects for cultivars were found 

statistically significant. Time effect was also significant (p=0.0001), however time 

by cultivar interaction was only weakly significant (p=0.0437). Hence, the 

description of the results is based on overall means (across cultivars and 

sampling dates). Means at each sampling date (averaged over cultivars) were 
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Table 10.	 Analysis of variance and parameter estimates of the polynomial 
regression analysis for Stem Soluble Carbohydrates overall mean 
over time. Hyslop Crop Science Field Laboratory, 1995-1996. 

Analysis of variance 

Source df MS F Pr>F 

model 2 730.30 20.04 0.001 

error 33 36.43 

R2 = 0.53 

Parameter df Estimate SE P <[t] 

Intercept 1 19.01 2.00 0.001 

time linear 1 2.00 0.310 0.001 

time quadratic 1 -0.07 0.011 0.001 
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Table 11.	 Cultivar mean values for Leaf Soluble Carbohydrate 
concentration (percentage of leaf dry matter) at anthesis, 15, 21, 
and 28 days after anthesis. Numbers in parenthesis correspond 
to chemically desiccated plots. Hyslop Crop Science Field 
Laboratory 1995-1996. 

Sampling date 

Cultivar Anthesis 15 daa* 21 daa 28daa Mean 

TAM108 2.94 6.10 5.77 (1.54) 1.79 (0.61) 4.39 (a) 

Fundulea 2.62 6.45 4.68 (2.73) 1.79 (1.08) 3.88 (ab) 

Gene 4.09 6.08 3.00 (1.25) 1.66 (0.71) 3.70 (abc) 

Stephens 2.62 5.93 2.88 (1.21) 1.70 (0.46) 3.28 (bcd) 

Hoff 3.28 4.25 3.29 (1.25) 1.17 (0.45) 2.99 (bcd) 

TAM101 2.01 4.74 2.53 (1.66) 1.90 (0.73) 2.79 (cd) 

TAM105 2.27 4.41 2.55 (1.89) 1.71 (0.95) 2.73 (cd) 

Sturdy 1.82 3.80 3.20 (1.63) 1.83 (0.77) 2.66 (d) 

KS89 2.09 4.00 1.56 (1.70) 1.65 (0.82) 2.32 (d) 

Mean 2.64 5.09 3.27 (1.66) 1.86 (0.72) 

*daa: days after anthesis 
LSD (time,cultivar)= 1.39 
LSD (cultivar,time)= 0.40 
LSD (cultivar)= 1.01 
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Figure 4.	 Variation in Leaf Soluble Carbohydrates with time from anthesis to 28 days after anthesis. 
Hyslop 1995-1996. 
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2.64 %, 5.09 %, 3.27 % and 1.86 % for anthesis, 15, 21, and 28 days post 

anthesis, respectively. The application of the chemical desiccant reduced leaf 

soluble carbohydrates concentration as compared with control plots. Mean 

values of desiccated plots were 1.66 % and 0.72 %, one and two weeks after the 

application of the desiccant, respectively. Overall mean values for cultivars were 

highest for TAM108 (4.39%), Fundulea (3.88%), and Gene (3.70%). Lower mean 

values were observed for Sturdy and KS89 (2.66% and 2.32%, respectively). 

Cultivar mean values for stem weight including leaf sheath at each 

sampling date, are shown in Table 12. Values in parenthesis correspond to 

chemically desiccated plots. The repeated measures analysis of variance is 

shown in Appendix Table 12. Mauchly's test for sphericity yielded a p=0.06. Only 

the main effects for cultivar and 'time' were highly significant. Stem weight mean 

values increased toward the second and third sampling dates, and then declined 

to harvest. Overall mean stem weight, varied from 3.45 g in Fundulea , to 2.26 g 

in TAM101. The application of the chemical desiccant decreased stem weight 7 

days after the application. Two weeks after the treatment, mean values of 

desiccated plots were close to the control plots at maturity. 

4.1.2.3. Analysis of Stem Soluble Carbohydrates over Years. 

The overall mean stem soluble carbohydrates content was studied over 

the two years by means of a combined analysis. The results of the analysis of 

variance and regression are observed in Table 13. The results showed 
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Table 12. Cultivar mean values for stem weight (in grams) at anthesis, 15, 
21 and 28 days after anthesis, and at harvest maturity. Numbers 
in parenthesis correspond to chemically desiccated plots. Hyslop 
Crop Science Field Laboratory 1995-1996. 

Sampling Date 

Cultivar anthesis 15daa 21daa* 28daa harvest Mean 

Fundulea 3.50 4.05 3.80 (3.05) 3.30 (2.56) 2.6 3.45 a 

Gene 3.12 3.56 3.85 (2.55) 3.10 (2.40) 3.10 3.34 ab 

Hoff 3.12 3.50 3.40 (2.55) 2.55 (2.45) 2.75 3.04 ab 

Stephens 3.00 3.45 3.45 (2.50) 2.75 (2.40) 2.60 3.04 ab 

KS89 2.80 3.02 2.90 (2.45) 2.45 (2.30) 2.45 2.84 b 

TAM108 2.70 3.27 3.00 (2.35) 2.95 (2.40) 2.30 2.73 bc 

Sturdy 2.36 2.67 2.65 (1.80) 2.25 (1.80) 2.10 2.40 bc 

TAM105 2.24 2.60 2.35 (1.89) 2.25 (2.01) 2.01 2.29 bc 

TAM101 1.85 2.67 2.55 (2.20) 2.05 (2.10) 2.18 2.26 c 

Mean 2.75 3.20 3.10 (2.35) 2.63 (2.27) 2.54 

*daa: days after anthesis 
LSD (cultivar)= 0.57 
LSD (time)= 0.61 
Means with the same letter are not significantly different at a=0.05 
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Table 13.	 Analysis of variance and parameter estimates of the polynomial 
regression analysis for Stem Soluble Carbohydrates overall mean 
over time and pooled over years. Hyslop Crop Science Field 
Laboratory. 

Analysis of variance 

Source df MS F Pr>F 

year 1 4.73 0.12 0.728 

time 3 1076.06 27.71 0.001 

linear 1 0.25 0.01 0.930 

quadratic 1 3118.03 80.29 0.001
 

cubic 1 109.89 2.83 0.097
 

year*time 3 3.30 0.09 0.967
 

error	 33 36.43 

R2 = 0.57 

Parameter df Estimate SE P<[t]
 

Intercept 1 19.55 1.441 0.001
 

time linear 1 2.05 0.230 0.001
 

time quadratic 1 -0.07 0.004	 0.001 
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nonsignificant effects for year (p=0.728) and year by time interaction (p=0.96). 

In contrast , the effect of time was strongly significant (p=0.001). The effect of 

time (sampling dates) on stem soluble carbohydrates concentration averaged 

over years, could be described by means of the quadratic function y = 19.55 + 

2.05131 + -0.08 02. 

4.1.3. Analysis of Kernel Weight and Yield Reductions and Related Traits 

4.1.3.1 Flvsloo 1994-1995 

The application of the chemical desiccant caused a significant reduction 

in both kernel weight and yield. The reduction in kernel weight and yield 

relative to the control plots (nondesiccated) was estimated as one minus the 

ratio between treated and control mean values. This also is called (relative) 

percentage of injury to kernel weight (or yield), and these terms will be used 

interchangeably throughout this presentation. Observed mean squares from the 

analysis of variance for kernel weight and yield injuries are observed in 

Appendix Table 13. Table 14 shows the observed cultivar mean values for 

kernel weight (expressed in grams per 1000 kernels) under control and chemical 

desiccation treatments, and the corresponding percentages of injury. The 

cultivar mean values for yield (in g / m2) under control and chemical desiccation 

and the observed percentages of injury can be noted in Table 15. Information 
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Table 14. Cultivar mean values for 1000 kernel weight under control and 
chemical desiccation, and percentages of injury. Hyslop Crop 
Science Field Laboratory 1994-1995. 

1000 Kernel weight (g) 

Cultivar Control Desiccation % injury 

Stephens 50.00 (b) 12.00(j) 76.00 (I) 

Sturdy 42.40 (de) 10.86 (j) 74.36 (Im) 

Hoff 43.20 (cd) 11.40 (j) 73.56 (Im) 

KS89 31.20 (h) 8.53 (k) 72.66 (Im) 

Fundulea 53.53 (a) 15.00 (i) 71.95 (mn) 

TAM101 33.40 (g) 9.93 (jk) 70.82 (mn) 

TAM108 44.40 (c) 14.00 (i) 68.43 (no) 

Gene 43.66 (c) 15.00 (i) 65.48 (o) 

TAM105 40,73 (f) 14.26 (i) 64.95 (o) 

Mean 42.50 12.31 70.91 

LSD 1.65 1.65 3.73 

LSD: Means with the same letter are not significantly different at a=0.05 
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Table 15. Cultivar mean values for yield under control and chemical 
desiccation, and percentages of injury. Hyslop Crop Science Field 
Laboratory 1994-1995. 

Yield (g/m2) 

Cultivar Control Desiccation % injury 

Sturdy 546.44 (e) 123.33 (j) 77.15 (I) 

Stephens 653.44 (bc) 157.33 (i) 75.92 (Im) 

Hoff 604.55 (d) 147.88 (ij) 75.45 (Im) 

KS89 345.44 (f) 85.44 (k) 75.02 (Im) 

Fundulea 704.55 (a) 193.89 (h) 72.54 (Im) 

TAM101 557.00 (e) 154.33 (i) 72.37 (Im) 

TAM108 615.55 (cd) 181.00 (hi) 70.54 (mn) 

Gene 709.77 (a) 247.67 (g) 65.12 (no) 

TAM105 578.11 (de) 211.44 (h) 63.47 (o) 

Mean 590.54 166.92 71.95 

LSD 32.60 32.60 5.80 

LSD: Means with the same letter are not significantly different at a=0.05 
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on anthesis dates and grain filling periods for all the cultivars studied are 

provided in Appendix Table 14. Significant differences were found for reduction 

in kernel weight and yield. The overall mean reduction in kernel weight was 

70.91 % and cultivar mean values ranged from 64.95 to 76.00 %. Stephens, 

Sturdy, Hoff, and KS89 sustained higher levels of injury. The lowest values of 

relative injury were observed for Gene and TAM105 (65.48 and 64.95 %, 

respectively). 

Reduction in yield was similar in magnitude and range of values to 

kernel weight reduction. Overall mean reduction was 71.95 %. High yield 

reductions (>72 %) were sustained by Sturdy , Stephens , Hoff KS89 , 

Fundulea and TAM101. It can be observed that TAM108, Gene, and TAM105 

sustained comparatively low reductions in yield (< 70.0%). 

The analysis of variance for harvest index and spike weight under control 

conditions are observed in Appendix Table 15 and Tablel 6 provides the 

observed mean values for both traits. Significant differences were detected for 

both traits. Stephens, Gene, Fundulea, and TAM108 had the highest values of 

harvest index 38%). The lowest values recorded were for KS89 (29.1 %). 

TAM101, TAM105, and Hoff, had intermediate values (.33 %). Mean kernel 

weight per spike averaged over cultivars was 1.6 g , with values ranging from 

2.3 g in Fundulea, to 1.07 g for TAM101. Higher spike weights were observed for 

Fundulea, Gene and Stephens (>2.0 g). Hoff and TAM108 had intermediate 

weights (A .6 g). The harvest index and kernel weight per spike were positively 

correlated (r = 0.68 p=0.02). 
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Table 16.	 Cultivar mean values for Harvest Index (%) and kernel weight per 
spike (expressed in g) under control conditions. Hyslop Crop 
Science Field Laboratory1994-1995. 

Cultivar Harvest Index (%) Kernel Weight per Spike 

Stephens 41.2 (a ) 2.13 (e) 

Hoff 35.4 (bc) 1.61 (f) 

Gene 40.1 (a) 2.15 (e) 

Fundulea 38.3 (ab) 2.30 (e) 

TAM101 32.2 (cd) 1.07 (g) 

TAM105 31.0 (cd) 1.08 (g) 

TAM108 38.0 (ab) 1.68 (f) 

Sturdy 33.1 (cd) 1.17 (g) 

KS89 29.1 (d) 1.14 (g) 

Mean 35.1 1.60
 

LSD 5.01 0.33
 

LSD: Means with the same letter are not significantly different at p = 0.05 
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4.1. 2. 2. Hyslop 1995-1996 

The analysis of variance for reduction in kernel weight and yield for the 

experiments conducted during 1995-1996, can be found in Appendix Table 16. 

Tables 17 and 18 present the observed cultivar mean values for kernel weight 

and yield under control and chemical desiccation, along with their corresponding 

mean relative reductions. Significant differences were detected among cultivars 

for the percentage of kernel weight reduction. Overall mean injury due to 

chemical desiccation was 52.61 %, with values ranging from 58.26 % to 35.41%. 

Sturdy, Stephens, KS89, TAM108, Fundulea, TAM101, and Hoff sustained 

the highest relative reduction in kernel weigh. In contrast, TAM105 and Gene 

had the lowest relative reduction (46.18 and 35.41 %, respectively). For relative 

reduction in yield, cultivar mean values ranged from 44.69 % to 65.72 %, with 

an overall mean of 58.91 %. Stephens, Sturdy, KS89, and Hoff sustained high 

levels of yield injury(> 61.0 %), in contrast to Gene and TAM105 (< 54.85 %). 

Fundulea, TAM108, and TAM101 had intermediate responses. 

The results of the analysis of variance for harvest index and kernel weight 

per spike, are provided in Appendix Table 17. The cultivar mean values for 

both traits under control conditions are presented in Table 19. Significant 

differences were detected between cultivars for both traits. Cultivar mean values 

for harvest index ranged from 26.5 % in TAM105, to 40.5 % in Stephens , with 

an overall mean of 34.3 %. For kernel weight per spike, Gene, Fundulea, and 

Stephens had the highest values (>1.94 g). Intermediate spike weight means 
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Table 17.	 Cultivar mean values for 1000 kernel weight under control and 
chemical desiccation, and percentages of injury. Hyslop Crop 
Science Field Laboratory 1995-1996. 

1000 Kernel weight (g) 

Cultivar Control Desiccation % injury 

Sturdy 40.80 (b) 16.90 (f) 58.26 (h) 

Stephens 52.50 (a) 22.10 (d) 57.80 (h) 

KS89 31.20 (c) 13.20 (g) 57.40 (h) 

TAM108 40.80 (b) 17.72 (f) 56.56 (h) 

Fundulea 54.00 (a) 24.50 (d) 54.45 (h) 

TAM101 32.20 (c) 14.70 (fg) 54.15 (h) 

Hoff 41.70 (b) 19.30 (ef) 53.29 (h) 

Gene 42.80 (b) 22.50 (d) 46.18 (i) 

TAM105 34.70 (c) 22.30 (de) 35.41 (j) 

Mean 41.18 19.22 52.61 

LSD 3.50 3.50 5.36 

LSD: Means with the same letter are not significantly different at a= 0.05. 
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Table 18. Cultivar mean values for yield under control and chemical 
desiccation, and percentages of injury. Hyslop Crop Science Field 
Laboratory 1995-1996. 

Yield (g/m2) 

Cultivar Control Desiccation % injury 

Stephens 529.33 (a) 180.50 65.72 (e) 

Sturdy 347.50 (cd) 122.00 64.28 (ef) 

KS89 326.50 (cd) 113.17 63.89 (ef) 

Hoff 417.33 (bcd) 161.0 61.39 (efg) 

Fundulea 480.33 (ab) 194.67 59.51 (fgh) 

TAM108 440.16 (abc) 176.16 58.45 (ghi) 

TAM101 325.33 (d) 135.16 57.36 (gh) 

Gene 469.33 (abc) 207.16 54.85 (h) 

TAM105 360.33 (d) 196.33 44.69 (i) 

Mean 410.76 165.12 58.91 

LSD 100.21 100.21 6.17 

LSD: Means with the same letter are not significantly different at a = 0.05 
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Table 19.	 Cultivar mean Values for Harvest Index (%) and Kernel Weight 
per Spike (expressed in g) under control conditions. Hyslop Crop 
Science Field Laboratory 1995-1996. 

Cultivar Harvest Index (%) Kernel Weight per Spike 

Stephens 40.5 (a) 212 (ef) 

Hoff 36.5 (abc) 1.94(ef) 

Gene 40.0 (a) 2.46 (e) 

Fundulea 37.0 (abc) 2.32 (e) 

TAM101 31.2 (cd) 1.19 (gh) 

TAM105 26.5 (d) 0.91(h) 

TAM108 38.0 (ab) 1.69 (fg) 

Sturdy 30.5 (bcd) 1.16 (gh) 

KS89 29.0 (cd) 1.30 (gh) 

Mean 34.3 1.67
 

LSD 0.7 0.63
 

LSD: Means with the same letter are not significantly different at a = 0.05 



were recorded for TAM108 and KS89 . The lowest values recorded 

corresponded to TAM105, Sturdy, and TAM101 (<1.19 g). A significant positive 

correlation was observed between harvest index and kernel weight per spike (r = 

0.62, p=0.01). 

Using cultivar mean values, Table 20 provides the simple Pearson 

correlations between reductions in kernel weight and yield for both periods. 

Within each year, the reduction in kernel weight was highly correlated with the 

reduction in yield (r = 0.88 and 0.92 for 1994-95, and 1995-96, respectively). 

Injury to kernel weight was positively correlated across years (r=0.80) . 

Reduction in kernel weight during 1994-1995 was positively correlated with the 

reduction in yield in the following season (r=0.83). Positive and significant 

associations were found for kernel weight injury in 1995-1996 and yield injury 

in1994-1995 (r=0.64). Yield injury was also correlated positively across years 

(r=0.68). The significant positive correlations observed indicated consistent 

results over the two years of study. 
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Table 20. Simple Pearson Correlations for percentage injury to kernel and 
yield using cultivar mean values. Hyslop Crop Science Field 
Laboratory ( 1994-1995 and 1995-1996). 

Kernel weight Yield Injury Kernel Weight 
Injury (1994-1995) Injury 

(1994-1995) (1995-1996) 

Yield Injury 0.88 
(1994-1995) (0.01) 

Kernel Weight 0.80 0.64 
Injury (0.01) (0.04) 

(1995-1996) 

Yield Injury 0.83 0.68 0.92 
(1995-1996) (0.01) (0.017) (0.001) 

Values in parenthesis are prob. >[r] under Ho : R0=0 (N=9) 



66 

4.1.4 Associations between Stem Soluble Carbohydrates, Relative 
Reductions and Productivity Traits 

4.1.4.2 Hyslop 1994-1995 

The Pearson correlations between the stem soluble carbohydrates 

concentration at each sampling date, the kernel weight and yield under control 

conditions, and the observed reductions in kernel weight and yield caused by 

the chemical desiccation, are presented in Table 21. Kernel weight and yield 

under control conditions were positively correlated with stem soluble 

carbohydrates concentration at all sampling dates. For kernel weight, all 

correlations were positive and statistically significant, except 28 days after 

anthesis (although the correlation is positive). The correlation between yield 

and soluble carbohydrates content is less at all sampling dates. Neither kernel 

weight injury nor yield injury were correlated with stem soluble carbohydrates 

concentration at any sampling date. Kernel weight and yield under control 

conditions were not correlated with kernel weight injury nor yield injury. 
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Table 21. Pearson correlations between kernel weight, yield and injuries 
and Stem Soluble Carbohydrate content at each sampling date. 
Hyslop Crop Science Field Laboratory 1994-1995. 

Kernel Yield Kernel Yield injury 
Weight (control) Weight 
(control) injury 

Kernel weight 
(control) 1.0 0.82 0.15 0.02 

(0.0) (0.007) (0.709) (0.969) 

Yield (control) 0.82 1.0 -0.22 -0.32 
(0.007) (0.0) (0.578) (0.390) 

Anthesis 0.67 0.64 -0.17 -0.21 
(0.048) (0.064) (0.661) (0.588) 

15 daa 0.81 0.59 -0.08 -0.15 
(0.008) (0.089) (0.822) (0.707) 

21 daa 0.74 0.69 0.06 0.04 
(0.023) (0.038) (0.865) (0.902) 

28daa 0.437 0.28 -0.05 -0.001 
(0.238) (0.464) (0.885) (0.993) 

harvest 0.77 0.58 0.32 0.272 
(0.015) (0.09) (0.407) (0.478) 

Values in parenthesis are prob. >[r] under Ho : R0=0 (N=18) 
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4.1.4.1 Hyslop 1995-1996 

The Pearson correlations between kernel weight and yield under control 

conditions, kernel weight and yield injury due to chemical desiccation, and stem 

soluble carbohydrates concentration at all sampling dates, are presented in 

Table 22. In general, the observed correlationswere similar in sign and 

magnitude to those computed for the 1994-1995 period. Stem soluble 

carbohydrates content was positively correlated with kernel weight and yield at 

some of the sampling dates, particularly at 15 and 21 days after anthesis, but it 

was not significantly correlated either with kernel weight injury nor yield injury. It 

was also found that neither kernel weight nor yield under control conditions were 

significantly associated with kernel weight injury and yield injury. 

4.1.5. Potential and Actual Contributions from Stem Soluble Carbohydrates 

Tables 23 and 24 were constructed to estimate the potential and actual 

contributions from soluble carbohydrates accumulated in the stem to the yield of 

the spike, respectively. They correspond to the period 1994-1995. Estimations 

are based on mean values (average of two measurements only). Spike growth 

after desiccation was used to estimate actual contributions from stem 

carbohydrates in desiccated plots. The estimation of available soluble 

carbohydrates per stem was done by subtracting the amount of soluble 

carbohydrates remaining in the stems at harvest, to the maximum amount of 

soluble carbohydrates estimated at any sampling date. This quantity was 
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Table 22. Pearson correlations between kernel weight, yield and injuries 
and Stem Soluble Carbohydrate content at each sampling date. 
Hyslop Crop Science Field Laboratory 1995-1996. 

Kernel Weight Yield Kernel Weight Yield injury 
(control) (control) injury 

Kernel Weight 
(Control) 1.0 0.89 0.25 0.325 

(0.0) (0.001) (0.520) (0.131) 

Yield (control) 0.89 1.0 0.11 0.19 
(0.001) (0.0) (0.789) (0.634) 

Anthesis 0.542 0.70 -0.01 -0.08 
(0.131) (0.03) (0.968) (0.831) 

15 daa 0.76 0.75 0.06 0.06 
(0.018) (0.021) (0.886) (0.872) 

21 daa 0.69 0.67 0.23 0.19 
(0.039) (0.049) (0.560) (0.632) 

28daa 0.69 0.58 0.41 0.313 
(0.04) (0.09) (0.277) (0.411) 

harvest 0.36 0.41 0.36 0.19 
(0.340) (0.284) (0.340) (0.631) 

Values in parenthesis are prob. >[r] under Ho : R0=0 (N=18) 
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Table 23. Potential contributions from Stem Soluble Carbohydrates (S.C) to 
grain yield per spike (control plots). Hyslop Crop Science Field 
Laboratory 1994-1995. 

Cultivar Maximum S.C. S.C. Grain Yield Potential 
S.C. Amount per Available per Spike Contribution 

Amount per 
Stem (g) 

Stem at 
Harvest (g) 

per Stem 
(g) 

(g) (%) 

Stephens 1.158 0.203 0.955 2.13 44.8 

Hoff 1.166 0.288 0.877 1.61 54.5 

Gene 1.447 0.210 1.237 2.15 57.5 

Fundulea 1.819 0.383 1.436 2.3 62.4 

TAM101 0.664 0.063 0.600 1.07 56.1 

TAM105 0.670 0.087 0.583 1.08 54.0 

TAM108 0.941 0.168 0.773 1.68 46.0 

Sturdy 0.757 0.1526 0.601 1.17 51.4 

KS89 0.697 0.107 0.590 1.14 51.7 
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Table 24. Actual Contributions from Stem Soluble Carbohydrates (S.C) to 
kernel growth per spike (desiccated plots). Hyslop Crop Science 
Field Laboratory 1994-1995. 

S.0 amount S.0 amount S.0 Spike net Actual 
per stem per stem available growht Contribution 

Cultivar 15 daa (g) 28 daa (g) per stem (g) (g) ( %) 

Stephens 1.158 0.233 0.925 0.147 15.9 

Hoff 1.167 0.165 1.002 0.104 10.4 

Gene 1.402 0.177 1.269 0.313 24.6 

Fundulea 1.804 0.229 1.579 0.214 13.5 

TAM101 0.590 0.146 0.443 0.023 5.2 

TAM105 0.670 0.091 0.579 0.121 20.9 

TAM108 0.941 0.105 0.835 0.177 21.2 

Sturdy 0.726 0.116 0.610 0.032 5.2 

KS89 0.691 0.126 0.565 0.059 10.5 
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related to the weight of kernels per spike. The results showed that maximum 

potential contributions varied from 44.8 % in Stephens, to 62.4 % in Fundulea. 

TAM101, TAM105, Gene, and Hoff had intermediate values (x56 %), and Sturdy 

and KS89 had values close to 51 %. In desiccated plots, the actual contributions 

were much lower than the potentials. Gene, TAM108, and TAM105 had the 

higher actual contributions (24.7, 21.2 , and 21.0 % respectively). Sturdy, 

TAM101, Hoff, and KS89 had comparatively low contributions (5.3, 5.3 and 10.4, 

and 10.6 %, respectively) and Stephens, and Fundulea had intermediate 

values (15.9 and 13.5% respectively). 

For the experiments conducted during 1995-1996, Tables 25 and 26 

provide the estimated potential and actual contributions from stem 

carbohydrates to the yield per spike. It was found that the maximum potential 

contributions of soluble carbohydrates varied from 68 % in TAM 105 to 43 % in 

Stephens. Intermediate values, between 49 % and 55 %, were found for 

TAM101, Hoff , Sturdy, TAM108, and KS89. The efficiency of the soluble 

carbohydrates to support the net growth was high in all the cultivars, as 

compared with the results of the previous year. Gene, TAM105,0 and Stephens 

had values of about 60 %. Hoff and Fundulea had intermediate values (51.4 % 

and 42.6 %, respectively). TAM101, TAM108, KS89, and Sturdy had efficiency 

values lower than 40%. 
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Table 25. Potential contributions from Stem Soluble Carbohydrates (S.C) to 
grain yield per spike (control plots). Hyslop Crop Science Field 
Laboratory 1995-1996 

Maximum S.C. S.C. Grain Yield Potential 
S.C. Amount per Available per Spike Contribution 

Cultivar 
Amount per 

Stem (g) 
Stem at 

Harvest (g) 
per Stem 

(g) 
(g) ( %) 

Stephens 1.077 0.147 0.930 2.12 43.8 

Hoff 1.111 0.152 0.958 1.94 49.4 

Gene 1.546 0.234 1.311 2.46 53.3 

Fundulea 1.610 0.316 1.293 2.32 55.7 

TAM101 0.658 0.108 0.550 1.19 46.2 

TAM105 0.707 0.086 0.621 0.91 68.2 

TAM108 1.149 0.255 0.894 1.69 52.9 

Sturdy 0.773 0.129 0.643 1.16 55.4 

KS89 0.846 0.167 0.678 1.3 52.2 
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Table 26. Actual Contributions from Stem Soluble Carbohydrates (S.C) to 
kernel growth per spike (desiccated plots). Hyslop Crop Science 
Field Laboratory 1995-1996. 

S.0 amount S.0 amount S.0 Spike net Actual 

Cultivar 
per stem 

15 daa (g) 
per stem 

28 daa (g) 
available 

per stem (g) 
growht 

(g) 
Contribution 

(%) 

Stephens 1.077 0.174 0.903 0.516 57.2 

Hoff 1.110 0.135 0.974 0.501 51.4 

Gene 1.327 0.134 1.192 0.734 61.6 

Fundulea 1.672 0.111 1.561 0.664 42.5 

TAM101 0.677 0.140 0.537 0.210 39.1 

TAM105 0.707 0.115 0.592 0.340 57.4 

TAM108 1.092 0.203 0.888 0.347 39.2 

Sturdy 0.756 0.129 0.627 0.223 35.5 

KS89 0.846 0.201 0.645 0.250 38.7 
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4.2 Experiments at Moro 

4.2.1 Analysis of Soluble Carbohydrates and Related Traits 

4.2.1.1 Moro 1994-1995 

The stem soluble carbohydrate content (expressed as percentage of stem 

dry matter) at each sampling date for the period 1994-1995, is provided in Table 

27. Based on cultivar mean values, Figure 5 for irrigated plots and Figure 6 for 

non irrigated plots, were constructed to show the variation in stem soluble 

carbohydrates concentration over time. Appendix Table 18 presents data 

extracted from the repeated measures analysis of variance. For the analysis, it 

was assumed that cultivar and irrigation treatments were arranged in 

randomized complete blocks. This analysis only involved data taken at 15, 28 

days after anthesis and at harvest maturity. The Mauchly's test for sphericity 

yielded a chi-square probability of 0.39. The between subject analysis, showed 

significant effects for irrigation, cultivar and irrigation by cultivar interaction. 

When time was added as a subplot, significant effects were observed for time, 

time by irrigation, and time by cultivar interaction. The second degree interaction 

time by irrigation by cultivar was not significant. Thus, the effect of the irrigation 

depended on the sampling date, and also the response of the cultivars was 

dependent on the sampling date being analyzed. The cultivar means for stem 

soluble carbohydrates concentration at each sampling date are provided in 

Table 28, and Table 29 presents the irrigation mean values at each 



76 

Table 27.	 Cultivar mean values for Stem Soluble Carbohydrates 
concentration at anthesis, 15, 28 days after anthesis, and at 
harvest maturity. Sherman Branch Experiment Station, Moro 
1994-1995. 

Stem Soluble Carbohydrates (%) 

cultivar anthesis 15 daa(+) 28 daa harvest 
(*) 

irrig. no irrig. irrig. no irrig. irrig. no irrig. mean 

Fundulea 23.78 38.67 31.13 32.66 10.81 11.00 3.00 21.57 

Gene 23.29 34.25 27.78 23.01 2.51 10.16 4.13 17.87 

TAM108 24.88 30.20 26.60 20.12 4.31 11.01 4.01 17.30 

Stephens 16.92 30.20 26.66 18.32 7.95 11.20 4.00 16.46 

Hoff 16.64 29.40 29.15 18.06 7.16 11.30 2.40 16.30 

TAM105 12.88 28.11 24.78 17.36 6.13 6.80 4.79 14.40 

KS89 15.21 28.46 17.15 17.80 5.95 3.66 2.30 12.93 

Sturdy 10.34 27.27 19.62 18.18 5.62 4.20 1.10 12.33 

TAM101 12.53 27.32 18.49 14.47 5.09 4.20 2.37 12.07 

Mean 17.32 30.43 24.59 19.99 6.17 8.17 3.12 

(+) daa: days after anthesis 
LSD (time,irrigation):1.60 
LSD (time,cultivar):3.38 
LSD (cultivar,time):5.48 
(*)LSD(cultivar) :2.43 

http:cultivar,time):5.48
http:time,cultivar):3.38
http:time,irrigation):1.60
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Figure 5.	 Variation in Stem Soluble Carbohydrates with time from anthesis to harvest maturity. 
Moro 1994-1995. Irrigated Plots. 
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Figure 6.	 Variation in Stem Soluble Carbohydrates with time from anthesis to harvest maturity. 
Moro 1994-1995. Non irrigated plots. 
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sampling date (averaged over cultivars). At anthesis, overall mean stem soluble 

carbohydrate concentration was 17.32%. The higher concentrations at this 

stage corresponded to TAM108, Fundulea, and Gene (r-.23%). Intermediate 

concentrations were observed for Stephens (16.92%), Hoff (16.64%), and KS89 

(15.21%) . The lowest concentrations observed corresponded to TAM105 

(12.88%), TAM101(12.53%), and Sturdy (10.34%). Maximum concentrations 

were observed by 15 days after anthesis in all cultivars. The increase in soluble 

carbohydrates during the two weeks period after anthesis was more important in 

those cultivars with the lower concentrations at flowering. For these cultivars, 

the concentration at least doubled, i.e. Sturdy reached 27.27% 15 days after 

anthesis, under irrigated conditions. The general effect observed in non irrigated 

plots was a decrease in stem carbohydrates, although this effect was stronger at 

28 days after anthesis (19.99 % vs. 6.17 %) than at 15 days after anthesis 

(30.43% vs. 24.59%). 

Cultivar mean values for leaf soluble carbohydrates are presented in 

Table 30. Figures 7 and 8 were constructed based on cultivar means, for 

irrigated and non irrigated plots. At each sampling date, individual analysis of 

variance were performed. Significant differences were detected between 

cultivars at anthesis. Mean leaf soluble carbohydrate concentration was 2.38 % 

at this sampling date. Cultivar with the highest mean concentration were Gene, 

Hoff, TAM108, and Fundulea . At 15 days after anthesis, overall mean 

http:TAM101(12.53


Table 28. Stem Soluble Carbohydrates: comparison of sampling date mean values at each cultivar. 
Sherman Branch Experiment Station, Moro 1994-1995. 

Date Fundulea Gene TAM108 Stephens Hoff TAM105 KS89 Sturdy TAM101 Mean 

anthesis 23.78 23.29 24.88 16.92 16.64 12.88 15.21 10.34 12.53 17.39 

15daa 34.90 (a) 31.02 (d) 28.40 (g) 28.43 (i) 29.28 (I) 26.45 (o) 22.81 (r) 23.45 (u) 22.91 (x) 27.51 

28daa 21.74 (b) 12.76 (e) 12.22 (h) 13.14 (j) 12.61 (m) 11.75 (p) 11.88 (s) 11.90 (v) 9.78 (y) 13.08 

harvest 7.00 (c) 7.15 (f) 7.51 (h) 7.60 (k) 6.85 (n) 5.80 (q) 2.98 (t) 2.65 (w) 3.29 (z) 5.65 

Mean 21.85 18.55 18.25 16.52 16.34 14.22 13.22 12.08 12.13 

* anthesis sampling date is not included in the 
LSD: 5.48. Means with the same letter are not 

repeated measures ANOVA. 
significantly different at ot=0.05. 
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Table 29.	 Stem Soluble Carbohydrates: comparison of sampling date 
mean values at each irrigation level. Sherman Branch 
Experiment Station, Moro 1994-1995. 

Date Irrigation No irrigation Mean 

15 daa* 30.43 (a) 24.59 (a) 27.51 

28 daa 19.99 (b) 6.17 (b) 13.08 

harvest 8.17 (c) 3.12 (c) 11.29 

*daa: days after anthesis 
LSD: 1.60. Mean with the same letter are not significantly different at a=0.05 
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Table 30.	 Cultivar mean values for Leaf Soluble Carbohydrate 
concentration (percentage of leaf dry matter) at anthesis, 15, and 
28 days after anthesis. Sherman Branch Experiment Station, 
Moro 1994-1995. 

Leaf Soluble Carbohydrates 
( %) 

15 daa* 28 daa 

Cultivar Anthesis irrigation no irrigat. Irrigation no irrigat. Mean 

Gene 2.97(a) 6.72(e) 4.31(ij) 2.23 (Im) 0.51 3.348 

Stephens 2.04(cci) 5.81(ef) 4.18(ij) 1.95(Imno) 0.71 2.938 

Fundulea 2.37(abcd) 5.39(efg) 3.52(ijk) 2.03(no) 0.86 2.834 

Hoff 2.89(ab) 4.74(fgh) 4.67(i) 1.42(mno) 0.40 2.824 

TAM108 2.71(abc) 4.47(fgh) 3.33(ijk) 1.62(no) 0.50 2.526 

KS89 2.47(abcd) 4.08(gh) 2.890k) 1.49(1mn) 0.57 2.30 

TAM101 2.12(bcd) 3.90(0) 2.53(k) 1.97(Imn) 0.54 2.212 

Sturdy 1.69(d) 3.72(h) 2.790k) 2.44(1) 0.34 2.196 

TAM105 2.13 (bcd) 4.23(gh) 2.54(k) 1.34 (o) 0.32 2.112 

Mean 2.38 4.78 3.41 1.83 0.53 

LSD 0.78 1.43 1.43 0.58 0.58** 
LSD: Means with the same letter are not significantly different at a=0.05. 
*daa: days after anthesis 

no differences according to LSD mean separation. 
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concentration under irrigated conditions was 4.78 % , and 3.41 % under no 

irrigation. At this sampling date, Hoff, Gene, Stephens, and Fundulea showed 

the highest level of leaf soluble carbohydrates under irrigated and non irrigated 

conditions. Cultivar by irrigation effect was not significant at this sampling date. 

At 28 days after anthesis, mean values under both irrigation and no irrigation 

dropped to 1.83 % and 0.53 %, respectively. Cultivar by irrigation interaction 

was not significant at this sampling date. In Gene, Stephens, Fundulea, and 

Sturdy, the leaf soluble carbohydrates concentration observed at anthesis 

increased twofold between anthesis and 15 days after anthesis. For the 

remaining cultivars the increase was less than 100 %. 

The cultivar mean values for stem weight including leaf sheath at each 

sampling date are provided in Table 31. The repeated measures analysis of 

variance shown in Appendix Table 19, includes only data observed at 15 and 

28 days after anthesis, and at harvest maturity. Mauchly's test for sphericity 

yielded a chi-square probability of 0.19. Overall mean effects due to cultivars 

and irrigation were statistically significant. Time and time by irrigation effects 

were statistically significant , but neither time by cultivar nor time by irrigation by 

cultivar were significant. Thus, for stem weight, the effect of the irrigation 

treatment depended on the sampling date. It was observed that stem weight 

tended to decrease in non irrigated plots, as compared with irrigated plots. 

Differences in mean weight between irrigated and non irrigated plots were more 

noticeable at 28 days after anthesis, with overall mean values of 2.78 g and 2.01 

g, respectively. At harvest, the estimated stem weight averaged over cultivars 
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Table 31. Cultivar mean values for Stem Weight at anthesis, 15, 28 days 
after anthesis and at harvest maturity. Sherman Branch 
Experiment Station, Moro 1994-1995. 

Stem Weight 
(9) 

Cultivar 

Fundulea 

Gene 

TAM108 

Hoff 

Stephens 

KS89 

Sturdy 

TAM105 

TAM101 

Anthesis 
(*) 

4.20 (a) 

3.60 (b) 

3.10 (bc) 

3.37 (b) 

3.12 (bc) 

3.27 (bc) 

2.72 (cd) 

2.37 (d) 

2.17 (d) 

15 daa* 

irrig. no irrig. 

3.95 3.20 

3.75 3.65 

3.65 3.6 

3.25 3.45 

3.30 3.10 

3.25 2.95 

2.20 2.45 

2.80 2.30 

2.20 1.85 

28 daa 

irrig. no irrig. 

3.30 2.30 

3.15 2.40 

3.20 2.25 

3.30 1.85 

3.00 2.10 

2.55 2.00 

2.00 2.20 

2.15 1.55 

2.40 1.60 

harvest 

irrig. no irrig. 

2.43 2.34 

2.20 2.43 

2.10 2.10 

1.90 1.90 

2.10 2.20 

2.20 2.30 

1.73 1.50 

1.23 1.50 

1.33 1.30 

mean 

3.10 

3.02 

2.85 

2.71 

2.70 

2.64 

2.11 

1.98 

1.83 

Mean 3.10 3.15 2.95 2.78 2.01 1.91 1.95 

(*)LSD (cultivar):0.55 
LSD (time, irrigation): 0.18 
*daa: days after anthesis 
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in irrigated and non irrigated plots were similar in magnitude (1.91 g and 1.95 g, 

respectively). 

4.2.1.2 Moro 1995-1996 

The cultivar mean values for stem soluble carbohydrates concentration at 

each sampling date, for the period 1995-1996, are presented in Table 32.. 

Figures 9 and 10 show the variation in stem soluble carbohydrates concentration 

over time for irrigated and nonirrigated plots, respectively. The results from the 

repeated measures analysis of variance are presented in Appendix Table 20. 

The Mauchly's test for sphericity yielded a chi-square probability of 0.27. The 

test of hypothesis for the between subject effects showed statistically significant 

effects for both factors (irrigation and cultivar) and their interaction. When time 

is added as a subplot, time, time by irrigation and time by cultivar effects were 

found statistically significant. Table 33 presents the comparison between 

sampling date means for each cultivar, and Table 34 provides the comparison 

between sampling date means at each irrigation level. From Table 33, it is 

observed that overall mean values increased during the period from anthesis to 

15 days after anthesis for all cultivars. It is also observed that initial differences 

between cultivar at anthesis are less evident 15 days later. For example, while 

stem soluble carbohydrates concentrations in Fundulea, Gene, and TAM108 

(c124 %) are almost twice as high as in Sturdy ,TAM105, and TAM101, they are 

about only 30 percent as high at 15 days after anthesis. Averaged over 



Table 32. Cultivar mean values for Stem Soluble Carbohydrate concentration at anthesis, 15, 21, 28 days after 
anthesis and at harvest maturity. Sherman Branch Experiment Station, Moro 1995-1996. 

Stem Soluble Carbohydrate (%) 

Cultivar anthesis 15 daa 21 daa 28 daa harvest Mean 
(+) irrigat. No irrigat. irrigat. no irrigat irrigat. no irrigat. irrigat. no irrigat 

Fundulea 24.53 31.84 27.02 31.95 21.64 '25.59 9.82 8.55 2.77 20.41 

Gene 23.57 32.78 22.30 33.83 14.21 23.54 7.12 9.89 4.82 19.11 

Stephens 19.13 29.89 22.28 27.71 16.53 23.62 9.99 8.93 5.04 18.12 

TAM108 23.32 32.21 22.24 31.24 14.86 16.21 6.75 9.26 2.81 17.65 

Hoff 17.37 28.73 21.30 29.45 17.98 18.66 5.68 9.99 3.70 16.98 

Sturdy 11.77 27.35 20.30 17.37 11.30 10.18 7.78 5.64 1.78 12.60 

KS89 15.40 27.50 24.39 13.90 8.74 7.30 6.82 3.99 3.26 12.36 

TAM105 14.10 27.18 25.50 14.78 5.55 9.78 3.96 7.50 2.40 12.30 

TAM101 14.67 26.27 19.54 15.21 9.67 10.77 4.67 5.21 1.80 11.97 

Mean 18.21 29.31 22.76 23.94 13.38 16.18 6.95 7.66 3.15 

LSD(cultivar,time): 6.66; LSD (irrigation,time): 3.05; LSD (time,cultivar): 3.11; LSD(time,irrigation): 1.47 
(+) LSD :3.10; daa= days after anthesis 



35 

30 

z 4 Funduleatri 25 
k	 0 Gene 
. E 20 A-- Stephens

S TAM108E 15 
4 Hoff 

0 e 10 G-- Sturdy 
E 

KS89 
15 5 

TAM105 

TAM101 

15 21 28 harvest 

sampling date 

Figure 9.	 Variation in Stem Soluble Carbohydrates with time from anthesis to harvest maturity.
Moro 1995-1996. Irrigated Plots. 



30 

.11 25 
Fund ulea 

.5>. u 20 0-- Gene 
A-- Stephens 

(ki t% 15u	 TAM108 

§ 0 Hoff 
H 10 e Sturdy 

--0-- KS895 

TAM105
 
0 TAM101
 

anthesis 15daa	 21daa 28daa	 harvest 

sampling date 

Figure 10.	 Variation in Stem Soluble Carbohydrates with time from anthesis to harvest maturity. 
Moro 1995-1996. Non irrigated plots. 



Table 33. Stem Soluble Carbohydrates: comparison of sampling date means at each cultivar. 
Sherman Branch Experimental Station, Moro 1995-1996. 

Date Fundulea Gene Stephens TAM108 Hoff Sturdy KS89 TAM105 TAM101 Mean 

anthesis* 24.53 23.57 19.13 23.32 17.37 11.77 15.4 14.10 14.67 18.21 

15daa 29.43 (a) 27.54 (a) 26.08 (a) 27.22 (a) 25.01 (a) 23.82 (a) 25.94 (a) 26.34 (a) 22.90 (a) 26.03 

21daa 26.79 (a) 24.02 (b) 22.12 (b) 23.05 (b) 23.71 (a) 14.33 (b) 11.32 (b) 10.16 (b) 12.44 (b) 18.66 

28daa 17.70 (b) 15.33 (c) 16.80 (c) 11.48 (c) 12.17 (b) 8.98 (c) 7.06 (c) 6.87 (bc) 7.72 (c) 11.57 

harvest 5.66 (c) 7.35 (d) 6.98 (d) 6.03 (d) 6.84 (c) 3.71 (d) 3.62 (d) 4.95 (c) 3.50 (d) 5.41 

*anthesis sampling date is not included in the repeated measures ANOVA. 
LSD :3.11. Means with the same letter are not statistically different at a=0.05. 
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Table 34.	 Stem Soluble Carbohydrates: comparison of sampling dates 
mean values for each irrigation level. Sherman Branch 
Experimental Station, Moro 1995-1996. 

Date Irrigation No irrigation Mean 

15 daa* 29.31 (a) 22.76 (a) 26.03 

21 daa 23.94 (b) 13.38 (b) 18.66 

28 daa 16.18 (c) 6.95 (c) 11.56 

harvest 7.66 (d) 3.15 (d) 5.40 

* daa : days after anthesis 
LSD: 1.47. Means with the same letter are not significantly different at a=0.05 
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irrigated and nonirrigated levels (Table 33), soluble carbohydrates remained at 

about the same levels during the third week after anthesis (from 15 to 21 days 

after anthesis) in Stephens (26.08% and 22.12%), Hoff (25.01% and 23.71%), 

Fundulea (29.43% and 26.79%) and Gene (27.54% and 24.02%). In contrast, 

TAM101, TAM105, Sturdy, and KS89 sustained a marked decrease under both 

irrigated and non irrigated conditions (Figures 9 and 10). Averaged over 

cultivars, non irrigated plots tended to have lower concentrations than irrigated 

plots (Table 34), but this effect seems to be more noticeable at late sampling 

dates, especially for Stephens, Hoff, Gene, and Fundulea (Table 32). For 

example, at 15 days after anthesis, the mean values for Hoff were 28.73% and 

21.30% for irrigated and non irrigated plots, respectively, while at 28 days after 

anthesis, the mean values were 18.66% and 5.68 %, respectively. At 28 days 

after anthesis, relatively low differences were detected between irrigated and 

non irrigated plots for TAM101, TAM105, Sturdy and KS89. 

In Table 35, the cultivar means for stem weight at each sampling date are 

identified. The repeated measures analysis of variance is shown in Appendix 

Table 21. The Mauchly's test for sphericity yielded a chi-square p= 0.0003. In 

this instance, all first and second degree interactions were found to be 

significant. In general, KS89, TAM105, TAM101, and Sturdy, reached a constant 

weight at about three weeks after anthesis, with only small decline towards 

maturity. For Fundulea, Gene, Stephens, and Hoff, differences between 

irrigated and nonirrigated plots were more noticeable, although they 



Table 35. Cultivar means for stem weight at anthesis, 15, 21 and 28 days after anthesis, and at harvest maturity. 
Sherman Branch Experimental Station, Moro 1995-1996. 

Stem Weight (g) 

cultivar anthesis 15daa* 21daa 28daa harvest Mean 

irrig** no irrig. irrig. no irrig. irrig. no irrig. irrig. no irrig. 

Fundulea 3.77 3.85 3.10 3.55 2.00 3.04 3.45 2.50 2.40 3.07 

Gene 3.22 3.50 3.05 3.70' 1.90 3.05 2.15 2.30 2.15 2.78 

Hoff 3.20 3.50 3.15 3.10 2.35 3.05 2.10 2.15 1.90 2.72 

TAM108 3.07 3.30 3.00 3.10 2.65 2.75 2.30 2.00 1.85 2.67 

Stephens 2.87 3.05 2.75 3.07 2.50 3.10 2.20 2.35 2.05 2.66 

KS89 3.12 3.15 2.95 2.60 1.95 2.05 2.10 2.20 2.05 2.46 

TAM105 2.25 2.30 2.05 1.95 1.75 1.45 1.40 1.40 1.30 1.76 

Sturdy 2.55 2.05 1.80 1.60 1.45 1.60 1.60 1.60 1.50 1.75 

TAM101 2.05 2.05 1.60 1.85 1.75 1.65 1.55 1.45 1.25 1.69 

Mean 2.93 3.01 2.65 2.77 2.05 2.46 2.12 2.02 1.85 

* daa: days after anthesis; **irrig.: irrigation; no irrig.: no irrigation; 
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were not very consistent. For example, for Fundulea, stem weight was higher 

under irrigation than in nonirrigated conditions three weeks after anthesis (3.55 

g vs. 2.00 g), but the reverse seems to occur one week later (3.04 g vs. 3.45 g). 

The high coefficient of variation observed when individual ANOVAS were 

performed at each sampling date (data not shown), suggests the presence of 

important sampling errors and / or large environmental effects. 

4.2.2 Analysis of Kernel Weight and Yield Reductions and Related Traits 

4.2.2.1 Moro 1994-1995 

The results from the analysis of variance for the relative reduction of 

kernel weight and yield, for the period 1994-1995, are presented in Appendix 

Table 23. Table 36 provides the cultivar mean values for kernel weight under 

irrigated and nonirrigated conditions, and the corresponding percentages of 

reduction. Significant differences were detected among cultivars for relative 

injury to kernel weight. The reduction in kernel weight, averaged over cultivars, 

was 23.53 %, and values ranged from 27.79 % for TAM108, to 19.4% in 

TAM105. TAM 108, Stephens, Gene, and Fundulea sustained the highest 

reductions in kernel weight (> 25%), while the lowest reductions were observed 

in TAM105 and Sturdy (19.14 and 18.01 %, respectively). Under irrigated 

conditions, the mean value for 1000 kernel weight was 46.85 g. The heaviest 

kernels were observed in Stephens and Fundulea (60.33 g and 59.86 g, 

respectively). In contrast, the lowest kernel weight under irrigation, were found in 

KS89 (34.26 g), TAM101 (39.66), and Sturdy (41.73 g). Under no irrigation, 
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Table 36. Cultivar mean values for 1000 kernel weight under irrigation and 
no irrigation and percentages of injury. Sherman Branch 
Experiment Station, Moro 1994-1995. 

1000 Kernel weight (g) 

Cultivar Irrigated Non Irrigated % injury 

TAM108 42.13 (d) 30.33 (i) 27.79 (k) 

Stephens 60.33 (a) 43.53 (f) 27.77 (k) 

Gene 49.80 (b) 36.93 (gh) 25.83 (k) 

Fundulea 59.86 (a) 44.53 (f) 25.61 (k) 

Hoff 48.13 (bc) 36.46 (gh) 24.23 (klm) 

KS89 34.26 (e) 26.66 (j) 22.16 (Imn) 

TAM101 39.66 (d) 31.20 (i) 21.30 (Imn) 

TAM105 45.73 (c) 37.00 (g) 19.14 (mn) 

Sturdy 41.73 (d) 34.20 (h) 18.01 (n) 

Mean 46.85 35.64 23.53 

LSD 2.77 2.77 5.31 

Fisher's LSD: Means with the same letter are not statistically significant at 
a=0. 05. 
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mean 1000 kernel weight was 35.64 g. Fundulea and Stephens had the highest 

kernel weight mean values (44.53 g and 43.53 g, respectively). TAM105 

maintained a relatively high kernel weight under no irrigation (37.00 g). 

The cultivar means for yield under irrigated and nonirrigated conditions, 

and the corresponding percentages of yield reduction are found in Table 37. 

Significant differences among cultivars for relative injury to yield were detected 

(Appendix Table 22). Injury averaged over cultivars was 25.17%. Gene (32.11 

%), Stephens (30.99 %), and TAM108 (28.62 %) sustained the highest relative 

reductions in yield, while Sturdy, TAM101 ,and TAM105, sustained low 

reductions in yield (< 22 %). Mean yield under irrigation was 630.72 g/m2 and 

468.18 g/m2 under no irrigation. As with kernel weight, cultivars with highest 

yields under irrigated conditions, also showed the highest yields under non 

irrigated conditions, although differences in yield (and kernel weight) between 

cultivars were less important under the latter situation. 

The results from analysis of variance for harvest index and kernel weight 

per spike are provided in Appendix Table 24 , while the cultivar mean values for 

both traits are presented in Table 38. For these traits, significant differences 

were found for cultivar and irrigation effects, but the interaction irrigation by 

cultivar was not significant. Overall mean for harvest index under irrigation was 

38.37%, with means ranging from 29.3% to 44%. The highest harvest index 

mean values observed (> 40 %) corresponded to Stephens , Gene, Fundulea, 

and TAM108. KS89 had the lowest harvest index mean value. Under non 

irrigated conditions, overall mean harvest index was reduced (32.51%). Mean 
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Table 37. Cultivar mean values for yield under irrigation and no irrigation, 
and percentages of injury. Sherman Branch Experiment Station, 
Moro 1994-1995. 

Yield (g/m2) 

Cultivar Irrigated Non Irrigated % injury 

Gene 760.10 (a) 515.91 (e) 32.11 (g) 

Stephens 725.60 (a) 500.60 (e) 30.99 (g) 

TAM108 697.88 (ab) 497.42 (e) 28.62 (gh) 

Hoff 616.51 (bc) 465.15 (ef) 24.54 (hi) 

Fundulea 639.84 (bc) 490.30 (e) 23.37 (hi) 

KS89 524.54 (d) 405.15 (f) 22.71 (i) 

TAM105 581.51 (cd) 452.88 (ef) 22.10 (i) 

Sturdy 564.82 (cd) 441.66 (ef) 21.72 (i) 

TAM101 560.1 (cd) 444.54 (ef) 20.60 (i) 

Mean 630.72 468.18 25.17 

LSD 83.58 83.58 5.52 

LSD: Cultivar means with the same letter are not significantly different at 
p=0.05 
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Table 38.	 Cultivar mean values for Harvest Index and Kernel weight per 
spike under irrigation and no irrigation. Sherman Branch 
Experiment Station, Moro 1994-1995. 

Cultivar Harvest Index (%) Kernel Weight per spike (g) 

Irrigation No irrigation Irrigation no irrigation 

Stephens 44.1 (a) 36.0 (g) 1.82 (k) 1.36 (pq) 

Hoff 39.7 (bcd) 33.6 (gh) 1.42 (Im) 1.03 (qrs) 

Gene 42.0 (ab) 34.0 (gh) 1.73 (kl) 1.41 (p) 

Fundulea 41.6 (abc) 36.3 (g) 1.88 (k) 1.48 (p) 

TAM101 36.0 (de) 30.6 (hi) 0.84 (o) 0.64 (t) 

TAM105 34.1 (e) 29.0 (ii) 0.70 (o) 0.69 (st) 

TAM108 40.67 (abc) 33.0 (gh) 1.54 (I) 1.21 (pqr) 

Sturdy 38.0 (cd) 32.6 (ghi) 1.19 (mn) 0.79 (st) 

KS89 29.33 (f) 25.6 (j) 1.0 (no) 0.87 (rst) 

Mean 38.37 35.51 1.35 1.05 

LSD 3.67 3.67 0.34 0.34 

LSD: Mean with the same letter are not significantly different at a=0.05. 
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values ranged from 25.6 % in KS89 to 36.3 % for Fundulea and Stephens. 

Kernel weight per spike under irrigated conditions varied from 1.82 g for 

Stephens to 0.7 g in TAM105. Overall mean weight was 1.35 g. Under non 

irrigated conditions, overall mean weight per spikewas reduced to 1.05 g. 

Fundulea and Stephens had the highest mean values . 

Correlations between the traits (under irrigated conditions) and the 

relative reductions in kernel weight and yield are shown in Table 39. The 

reduction in kernel weight was positively correlated with the observed reduction 

in yield (r=0.78), suggesting that reduction in kernel weight decreased yield. It 

was also positively correlated with yield (under irrigation, r=0.80), indicating that 

cultivars with higher yields tended to sustain higher reductions in kernel weight. 

Kernel weight reduction was positively correlated with harvest index and kernel 

weight per spike (r=0.64 and r=0.82, respectively) . From Tables 35 and 36 it 

can be seen that high yielding varieties Stephens, Gene, and Fundulea, which 

sustained moderate to severe reductions in kernel weight and yield, have also 

high kernel weight under irrigated conditions. In contrast, the low yielding 

cultivars KS89, Sturdy, and TAM101, have relatively low kernel weight under 

irrigation and sustained low reduction in yield and kernel weight. 
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Table 39.	 Simple Pearson Correlations between kernel weight and Yield 
reductions, and selected traits under irrigated conditions. 
Sherman Branch Experiment Station, Moro 1994-1995. 

Kernel 
weight 
Reduction 

Yield 
Reduction 

Yield Yield Kernel Harvest 
Reduction weight Index 

0.78 0.80 0.56 0.64 
(0.0001) (0.0001) (0.003) (0.0004) 

0.54 0.47 0.68 
(0.003) (0.022) (0.0002) 

Values in parenthesis are prob. >II under Ho : Ro=0 (N=27) 

Kernel
 
Weight per
 

Spike
 

0.82 
(0.0001) 

0.72 
(0.0001) 
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4.2.2.2 Moro 1995-1996 

The results from the analysis of variance for the relative reductions in 

kernel weight and yield for the period 1995-1996, are presented in Appendix 

Table 24 . The cultivar means for 1000 kernel weight under irrigated and 

nonirrigated conditions, and the relative reduction in kernel weight are provided 

in Table 40. No differences were detected for the reduction in kernel weight and 

yield. In both analysis, the coefficient of variation for the transformed variables 

was high (18.58% and 22.10%). For kernel weight, relatives injuries ranged 

from 16.59 % in Stephens, to 4.56 % in KS89. The overall mean reduction for 

the experiment was 11.52 %. Under irrigation, the highest 1000 kernel weight 

mean was recorded for Fundulea and Stephens, and the lowest value 

corresponded to KS89. Under nonirrigated conditions, Fundulea and Stephens 

showed the highest kernel weight means. The cultivar mean values for yield 

under irrigation and no irrigation, and the corresponding relative reductions can 

be found in Table 41. Overall yield reduction was similar in value to kernel 

weight reduction (11.50%). Observed mean reduction in yield ranged from 

17.22 % in TAM101 to 5.78 % in KS89. 

Results from the analysis of variance for harvest index and kernel weight 

per spike are found in Appendix Table 25. Cultivar mean values for both traits 

under irrigation and no irrigation, are presented in Table 42. For harvest index, 

the overall means under irrigated and nonirrigated conditions were 34.7 % and 

32.2 %, respectively. Stephens, Gene, and Fundulea had the higher mean 

values under irrigation (>40 %). Sturdy , TAM101, KS89, and TAM105, had 
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Table 40. Cultivar mean values for 1000 kernel weight under irrigation and 
no irrigation and percentages of injury. Sherman Branch 
Experiment Station, Moro 1995-1996. 

1000 Kernel weight (g) 

Cultivar Control Desiccation % injury 

Stephens 52.70 (a) 43.90 (f) 16.59 

Gene 47.90 (b) 40.80 (fg) 14.80 

TAM101 31.50 (d) 26.90 (j) 14.56 

Sturdy 36.80 (c) 31.70 (i) 13.87 

Hoff 45.60 (b) 40.50 (g) 11.15 

Fundulea 55.80 (a) 50.60 (e) 9.28 

TAM108 39.40 (c) 36.20 (h) 8.15 

TAM105 38.30 (c) 35.25 (h) 8.09 

KS89 30.40 (d) 29.00 (ij) 4.56 

Mean 42.04 37.13 11.52 

LSD 3.50 3.5 

LSD: Means with the same letter are not significantly different at oc=0.05. 
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Table 41. Cultivar mean values for yield under irrigation and no irrigation, 
and percentages of injury. Sherman Branch Experimental 
Station, Moro 1995-1996. 

Yield (g/m2) 

Cultivar Control Desiccation % injury 

TAM101 507.09 (d) 419.77 (j) 17.22 

Sturdy 565.68 (c) 475.23 (i) 15.96 

Stephens 765.45 (a) 647.27 (fg) 15.47 

Hoff 640.90 (b) 557.04 (h) 13.13 

Fundulea 723.18 (a) 644.77 (g) 10.77 

Gene 763.63 (a) 695.23 (f) 8.98 

TAM108 732.04 (a) 666.59 (fg) 8.93 

TAM105 379.54 (e) 351.18 (k) 7.47 

KS89 380.9 (e) 372.04 (jk) 2.78 

Mean 606.51 536.44 11.52 

LSD 46.22 46.22 

LSD: Means with the same letter are not significantly different at a=0.05. 
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Table 42.	 Cultivar mean values for Harvest Index and Kernel weight per 
spike under irrigation and no irrigation. Sherman Branch 
Experiment Station, Moro 1995-1996. 

Cultivar Harvest Index (%) Kernel Weight per spike (g) 

Irrigation No irrigation Irrigation no irrigation 

Stephens 43.0 (a) 38.5 (d) 1.96 (g) 1.45 (k) 

Hoff 36.5 (b) 33.0 (e) 1.35 (h) 1.05 (Im) 

Gene 41.0 (ab) 38.0 (d) 1.75 (g) 1.45 (k) 

Fundulea 40.5 (c) 38.5 (d) 1.80 (g) 1.50 (k) 

TAM101 29.0 (c) 26.5 (f) 0.70 (j) 0.55 (o) 

TAM105 27.5 (b) 27.0 (f) 0.60 (j) 0.55 (o) 

TAM108 37.5 (c) 35.0 (de) 1.30 (h) 1.15 (I) 

Sturdy 29.5 (c) 26.5 (f) 0.85 (ij) 0.70 (no) 

KS89 28.5 (c) 26.5 (f) 1.01 (i) 0.85 (mn) 

Mean 34.70 32.20 1.25 1.02 

LSD 4.51 4.51 0.27 0.27 

LSD: Means with the same letter are not significantly different at a=0.05. 
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the lowest mean values for harvest index. These values are comparatively lower 

than those obtained in the previous year. For kernel weight per spike, the 

cultivar mean values under irrigation ranged from 1.96 g in Stephens to 0.60 g 

for TAM105, with an overall mean of 1.25 g. Under non irrigated conditions, the 

overall mean was reduced to 1.02 g. Cultivars with high kernel weight per spike 

under irrigation, also had high values under no irrigation. Tam105, TAM101, 

Sturdy, and KS89 were affected by leaf rust during most part of the grain filling 

period, which probably contributed to very low mean values for spike weight. 

The photosynthesis rate, stomatal conductance, leaf and air temperatures 

are provided in Table 43. Sampling started at 15 days after anthesis. 

Comparatively low photosynthetic rates were found for all the cultivars sampled 

in irrigated plots, ranging from 5 to about 811M CO2 m-2 s1. Stomatal 

conductance was also low, suggesting a high evaporative demand and a low 

leaf water potential. This situation was accentuated in nonirrigated plots, were 

photosynthesis rates were about half as high and stomata! conductance reached 

very low levels. In the second sampling date (21 days after anthesis), a very 

high evaporative demand was noted with high air temperature and low relative 

humidity that may have induced errors in the stomata! conductance readings. 

The rate of photosynthesis was low for both irrigated and non irrigated plots, 

although it seems that stomata! conductance was higher in irrigated plots. At 28 

days, photosynthesis rate was still important in flag leaves in irrigated plots, but 

non irrigated plots were virtually devoid of photosynthetic tissue. 
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Table 43. Photosynthesis Rate, Stomatal Conductance, Leaf temperature, 
Air Temperature and AT under irrigation and no irrigation, at 
three sampling dates. Sherman Branch Experiment Station, 
Moro 1995-1996. 

Cultivar Photo. St. Cond. T air T leaf AT 
(gniCO2m2s1 ) (PICO2n12s-1) (°C) (°C) (°C) 

Gene 8.26 ± 1.26 0.142 ±0.03 30.92 31.91 0.99 
15 daa* 
Irrigation Stephens 6.08 ± 2.9 0.176 ±0.06 30.47 30.74 0.27 

Fundulea 5.34 ± 1.6 0.144 ±0.01 31.0 30.92 -0.07 

Hoff 7.04 ± 1.9 0.208 ±0.01 30.72 31.47 0.75 

15 daa Gene 3.85 ± 1.70 0.115 ± 0.04 31.60 31.98 0.38 
No 
Irrigation Stephens 2.94 ± 0.81 0.088 ± 0.007 31.72 32.55 0.83 

Fundulea 2.89 ± 0.72 0.073 ± 0.006 31.98 33.21 1.23 

Hoff 2.45 ± 0.41 0.073 ± 0.019 32.13 34.00 1.86 

21 daa Gene 3.85 ± 1.71 0.533 ± 0.171 38.05 35.8 -2.25 
Irrigation 

Stephens 2.94 ± 0.81 0.288 ± 0.164 34.11 34.5 0.38 

Fundulea 2.89 ± 0.72 0.314 ± 0.036 34.6 33.64 -0.95 

Hoff 2.45 ± 0.41 0.352 ± 0.126 36.6 35.85 -0.78 

21 daa Gene 0.58 ± 0.09 0.076 ± 0.004 34.71 35.5 0.79 
No 
Irrigation Stephens 2.52 ± 0.056 0.099 ± 0.006 34.70 35.49 0.78 

Fundulea 2.04 ± 0.41 0.106 ± 0.016 34.63 35.03 0.40 

Hoff 2.22 ± 1.68 0.118 ± 0.036 34.57 34.71 0.13 

28 daa Gene 5.98 ± 0.53 0.181 ± 0.003 30.89 31.46 0.57 
Irrigation 

Stephens 7.15 ± 0.13 0.285 ± 0.039 32.27 32.47 0.20 

Hoff 4.91 ± 1.96 0.175 ± 0.008 32.0 32.70 0.7 

*daa: days after anthesis 
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4.2.3. Associations between Stem Soluble Carbohydrates, Relative 
Reductions and Productivity traits 

In Table 44 the correlations between stem soluble carbohydrates content 

and the expression of selected traits under irrigation, for the period 1994-1995, 

are found. Kernel weight was significantly correlated with stem soluble 

carbohydrates concentration at 15 days after anthesis (r=0.68) and at maturity 

(r=0.76). Yield was also positively correlated with stem carbohydrates at 

anthesis (r=0.90) and at harvest (r=0.82). Reductions in Kernel weight and 

yield were also positively correlated with stem soluble carbohydrates at anthesis 

(r=0.79 and r=0.81 , respectively) and harvest (r=0.81 and r=0.71). Combining 

these results with those presented in Table 42, it can be observed that high 

yielding varieties sustained more kernel weight and yield reductions due to 

drought stress, as compared to low yielding cultivars. Furthermore, those 

cultivars tended to have a higher concentration of stem soluble carbohydrates at 

anthesis. Although the correlation at other sampling dates were not significant, 

these results show that cultivars which exhibited a higher reduction in kernel 

weight and yield due to drought, also had a higher concentration of 

carbohydrates throughout the grain filling period. 

4.2.4. Potential contributions from Stem Soluble Carbohydrates 

To estimate the maximum potential contributions of stem soluble 

carbohydrates to the yield per spike under irrigated conditions, Tables 45 and 46 

were developed for the periods 1994-1995 and 1995-1996, respectively. Both 
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Table 44.	 Pearson correlations between kernel weight and yield under 
irrigation, reductions in kernel weight and yield, and Stem 
Soluble Carbohydrates content at each sampling date. Sherman 
Branch Experimental Station, Moro 1994-1995. 

Kernel Yield Kernel Yield 
Weight (irrigation) Weight Reduction 

(irrigation) Reduction 

Anthesis 0.52 0.90 0.79 0.81 
(0.153) (0.001) (0.011) (0.007) 

15 daa 0.68 0.56 0.53 0.34 
(0.042) (0.114) (0.143) (0.368) 

28daa 0.61 0.41 0.36 0.20 
(0.078) (0.269) (0.335) (0.597) 

harvest 0.76 0.82 0.81 0.71 
(0.018) (0.006) (0.008) (0.031) 

Values in parenthesis are prob > [R] under Ho: r=0; (N=18) 
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Table 45. Potential contributions from Stem Soluble Carbohydrates (S.C) to 
grain yield per spike. Sherman Branch Experiment Station, Moro 
1994-1995. 

Cultivar Maximum S.C. S.C. Grain Yield Potential 
S.C. Amount per Available per Spike Contribution 

Amount per 
Stem (g) 

Stem at 
Harvest (g) 

per Stem 
(g) 

(g) ( %) 

Stephens 0.9664 0.2800 0.6864 1.82 37.71 

Hoff 0.9555 0.2486 0.7069 1.42 49.78 

Gene 1.2843 0.2438 1.0405 1.73 60.14 

Fundulea 1.5274 0.2673 1.2601 1.88 67.03 

TAM101 0.6010 0.0558 0.5451 0.84 64.90 

TAM105 0.7870 0.1230 0.6640 0.70 94.86 

TAM108 1.1023 0.2862 0.8160 1.54 52.98 

Sturdy 0.5999 0.0726 0.5272 1.19 44.30 

KS89 0.9249 0.0805 0.8444 1.00 84.44 
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Table 46. Potential contributions from Stem Soluble Carbohydrates (S.C) 
to grain yield per spike. Sherman Branch Experiment Station, 
Moro 1995-1996. 

Cultivar Maximum S.C. S.C. Grain Yield Potential 
S.C. Amount per Available per Spike Contribution 

Amount per 
Stem (g) 

Stem at 
Harvest (g) 

per Stem 
(9) 

(g) (%) 

Stephens 0.9116 0.2098 0.7017 1.96 35.80 

Hoff 0.9129 0.2147 0.6981 1.35 51.71 

Gene 1.2517 0.2274 1.0242 1.75 58.52 

Fundulea 1.2300 0.2137 1.0163 1.80 56.46 

TAM101 0.5385 0.0755 0.4629 0.70 66.14 

TAM105 0.6251 0.1050 0.5201 0.60 86.69 

TAM108 1.0629 0.1852 0.8777 1.31 67.51 

Sturdy 0.5637 0.0902 0.4735 0.85 55.70 

KS89 0.9232 0.0877 0.8354 1.00 83.54 
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tables were constructed using cultivar means averaged over two replications 

only. Maximum potential contributions, expressed as percentage, were 

estimated by subtracting the amount of soluble carbohydrates remaining at 

harvest from the maximum amount observed , and then obtaining the ratio 

between the available amount of soluble carbohydrates per stem and the mean 

yield per spike. The results in Table 44 showed that maximum potential 

contributions from stem soluble carbohydrates to yield per spike varied from 

37.71 % to 94.86 %. TAM105 and KS89 had the highest potential contributions. 

Lower potential contributions were found for Stephens , Sturdy, Hoff and 

Tam108. Intermediate values were observed for Gene, TAM101, and Fundulea . 

The results in Table 46 showed that soluble carbohydrates in stems of 

Stephens had the lowest potential contributions to yield per spike (35.80%). 

Hoff, Sturdy, Fundulea and Gene had values in the range of 51% to 58%; 

TAM108 and TAM101 had similar mean values (67%) , while TAM105 and 

KS89 had the highest potential contributions. 

4.3 Relationships Between Chemical and Drought Resistance 

To study the relationships between the observed relative reductions in 

kernel weight and yield under both chemical (Hyslop site) and drought stress 

(Moro site) conditions, Pearson correlations were computed as a measure of the 

association between these experiments using mean values. Since no significant 

differences were detected for kernel weight and yield reductions in Moro during 

1995-1996, those data were not included in the calculations. In Table 47, it can 
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be observed that reductions in kernel weight and yield sustained under chemical 

desiccation (Hyslop site) were not significantly associated with those sustained 

under drought conditions in Moro. In all cases the estimated correlations were 

low and non significant. 

In order to investigate the possible associations between the potential 

contributions of stem soluble carbohydrates and the reductions in kernel weight 

and yield, the correlations between these traits were computed and are 

presented in Table 48. The negative correlations observed indicates that 

cultivars with relatively low potential contributions from carbohydrates sustained 

higher reductions in kernel weight and yield under stress. The correlations were 

highest for the experiments conducted at Hyslop during 1995-1996. The values 

observed were r= -0.75 and r= -0.76 for kernel weight and yield reductions, 

respectively. The potential contributions estimated at Hyslop were negatively 

correlated (although not significantly) with the observed reductions in kernel 

weight and yield at Moro ( r 0.50). In this study, Stephens consistently 

exhibited a susceptibility to chemical and drought stress. It also showed low 

potential contributions from stem reserves. In contrast, TAM105 which 

consistently exhibited good tolerance under the same conditions, had 

consistently shown high potential contributions from stem carbohydrates. 

Sturdy, with moderate to low stem reserves, sustained low reductions in kernel 

weight and yield in Moro, but sustained relatively high reductions in both traits 

under chemical desiccation. On the other hand, Gene exhibited a response 

which was the opposite to that of Sturdy. Under chemical desiccation, Gene 
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showed a consistent tolerance and relatively high potential contributions, but it 

showed a poor resistance to the conditions imposed at Moro along with a 

moderate to low potential contributions in that environment (Figure 13). At 

Moro, KS89 showed high relative content of stem reserves, and showed 

intermediate reductions in kernel weight and yield. TAM101 also exhibited high 

potential contributions (although slightly lower than KS89) and sustained low 

reductions in yield and kernel weight. Fundulea exhibited a relatively high 

potential contributions from stem reserves in both environments and also 

showed an intermediate performance under both chemical and drought stress 

conditions. On the other hand, Hoff which exhibited a moderate (intermediate) 

potential contributions from stem reserves in both environments, sustained a 

moderate reduction in kernel weight and yield under both chemical and drought 

stress. 
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Table 47. Pearson Correlations between kernel weight and yield injuries 
under chemical desiccation and drought stress. 

Hyslop Hyslop 
1994-1995 1995-1996 

kernel kernel 
weight Yield weight Yield 

reduction reduction reduction reduction 

kernel 
Moro weight 
1994-1995 reduction 0.07 0.02 0.29 0.27 

(0.865) (0.967) (0.442) (0.478) 

Moro yield 
1994-1995 reduction -0.13 -0.20 0.04 0.12 

(0.730) (0.595) (0.920) (0.749) 

Values in parenthesis are prob. >jr] under Ho : Ro = 0. (N=9) 
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Table 48. Pearson correlations between kernel weight and yield injuries 
under chemical (Hyslop) and drought stress (Moro), and the 
potential contributions from Stem Carbohydrates. 

Hyslop Hyslop Moro 
1994-1995 1995-1996 1994-1995 

Potential kernel kernel kernel 
contrib. weight yield weight yield weight yield 
Stem reduction reduction reduction reduction reduction reduction 

Carbohyd. 

Hyslop 
1994-1995 -0.29 -0.29 -0.33 -0.34 -0.22 -0.36 

(0.453) (0.443) (0.382) (0.371) (0.570) (0.345) 

Hyslop 
1995-1996 -0.64 -0.63 -0.75 -0.76 -0.50 -0.32 

(0.064) (0.065) (0.020) (0.019) (0.173) (0.400) 

Moro 
1994-1995 -0.58 -0.57 -0.64 -0.67 -0.43 -0.46 

(0.098) (0.104) (0.065) (0.048) (0.248) (0.206) 

Moro 
1995-1996 -0.60 -0.49 -0.49 -0.59 -0.50 -0.50 

(0.089) (0.174) (0.180) (0.092) (0.169) (0.172) 

Values in parenthesis are prob. >[r] under Ho : Ro = 0. (N=9) 
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5. Discussion 

Plant breeding programs over the last decades have demonstrated a 

genetic response in yield under both optimal and stress conditions (Wilcox et al., 

1979; Castleberry et aL, 1984; Cox et aL, 1988). The improvement of yield under 

drought stress occurred before many of the physiological traits related to drought 

resistance were understood, and most of the genetic gain under those conditions 

was actually due to an increase in yield potential. In the past 20 years 

considerable progress in the evaluation and quantification of traits related to 

drought resistance has been made (Turner, 1997). 

The capacity of accumulation and posterior remobilization of soluble 

carbohydrates to the developing kernels, are desirable traits in crops grown 

under terminal drought stress (stress at the end of the growing season) (Ludlow 

and Muchow, 1990). Several reports have confirmed that stem carbohydrates 

reserves play an important role in the expression of yield under drought stress 

(Turner, 1997). This is a function of the capacity for accumulation of soluble 

carbohydrates and the efficiency of remobilization to the developing kernels. The 

quantification of soluble carbohydrates in plant tissues is laborious and the 

assessment of actual remobilization of stored reserves is a complex task usually 

requiring isotope techniques which can not be applied at a large scale. 

Furthermore, breeding for post anthesis drought resistance is often complicated 

by the erratic nature of environmental stresses, and the lack of suitable methods 

for detecting and quantifying genetic sources of resistance. Blum et a/. (1983) 
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devised a simple technique to indirectly assess the capacity of remobilization in 

cereals. By spraying plants with a chemical desiccant during grain filling, they 

could reveal the capacity of genotypes to support kernel growth without transient 

photosynthesis. This technique reduces the negative effects caused by the 

uncertain occurrence of drought stress and allows the assessment of 

germplasm independently of its phenological characteristics. 

The main objective of this investigation was to determine whether 

differences in the accumulation of soluble carbohydrates exist between diverse 

winter wheat genotypes, and its possible association with productivity traits, i.e. 

kernel weight, spike weight and yield. A second objective was to determine to 

what extent the capacity of accumulation of soluble carbohydrates is related to 

the expression of tolerance to chemical desiccation and to post anthesis drought 

conditions in winter wheat cultivars differing in their apparent resistance to 

drought stress. In order to achieve these goals, two experiments were 

conducted over two seasons. The first one, conducted at the Hyslop Crop 

Science Field Laboratory, the pattern of accumulation of stem and leaf soluble 

carbohydrates over time and their relationships with productivity traits was 

studied. The relationship between stored carbohydrates and chemical 

desiccation tolerance was studied by spraying the plots with sodium chlorate 15 

days after anthesis. A second experiment was conducted at the Sherman 

Experimental Extension in Moro (Oregon). The objective of this investigation was 

to quantify the accumulation of stem and leaf soluble carbohydrates during the 

grain filling period, and their possible association with productivity traits and the 
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expression of drought resistance . The same array of genotypes used at Hyslop 

was grown with and without irrigation during the grain filling period, and was 

conducted over a two year period. The suitability of Blum's methodology (Blum 

et al., 1983) was assessed by comparing the results obtained in both 

experiments. 

5.1 Experiments Conducted at Hyslop 

5.1.1 Analysis of Soluble Carbohydrates and related Traits 

The results obtained during both seasons at the Hyslop site, showed that 

an extensive accumulation of soluble carbohydrates in the stems of the wheat 

cultivars occurred during the period from anthesis to harvest maturity. The 

cultivars studied differed in the extent of accumulation of soluble carbohydrates, 

especially in the stem fraction. The changes in accumulation observed during 

grain filling were strongly influenced by the time elapsed from anthesis. 

However, important time by cultivar interactions indicated that the changes 

observed differed in magnitude according to the cultivar. However, the effects of 

"year" were not statistically significant when the mean response (across 

cultivars) was analyzed in a combined analysis over the two year period. At 

anthesis, stored soluble carbohydrates were two to three times lower than the 

maximum accumulation observed, which occurred either at 15 or 21 days after 

anthesis for all the cultivars. Our strategy of sampling does not allow us to 

establish a precise moment for the occurrence of a peak (maximum) in 
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carbohydrates concentration. Nevertheless, our observation that the 

concentration of soluble carbohydrates did not vary in that period of time, 

suggest that a peak in concentration may occur between those dates. Our 

findings are in agreement with results of more detailed studies. For example, 

Kuhbauch and Thome (1989) and Pheloung and Siddique (1992) observed that 

usually, under nonstressed conditions, soluble carbohydrates accumulate in the 

stems of wheat plants until 10-20 days after anthesis. However, Black low et al. 

(1984) found that the accumulation of stem soluble carbohydrates reached a 

peak of 42 % of the stem dry matter 24 days after anthesis, in field grown winter 

wheat cultivar Maris Huntsman. 

The substantial accumulation of soluble carbohydrates observed after 

anthesis in all entries is a manifestation of an excess of photosynthate 

production. This phenomenon can be interpreted as a transient sink limitation 

(sink is not able to utilize available assimilates) which is counteracted by a 

mechanism of storage. So far, this interpretation and its possible consequences 

in yield determination are absent in the literature dealing with source and sink 

relationships (Evans, 1990; Slafer et al., 1996; Richards, 1996). The fact that a 

moderate amount of soluble carbohydrates in the stems can still be found after 

maturity indicates that the compensation from this storage mechanism is only 

partial. 

In both years, positive correlations were found between stem soluble 

carbohydrates content and kernel weight and yield (under control conditions). 

High yielding cultivars Fundulea, Gene, Stephens, TAM108 and Hoff had 
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relatively high soluble carbohydrates concentrations at all sampling dates. In 

contrast, lower yielding cultivars TAM101, TAM105, Sturdy and KS89, showed 

lower concentrations. These latter cultivars also had comparatively lower kernel 

weights than the former cultivars. Although the relationships between kernel 

weight and yield may be very complex (Evans et al., 1975; Fischer, 1980), 

these findings suggest that a high concentration of soluble carbohydrates during 

the first days after anthesis may be beneficial. Our findings are supported by the 

findings of Blocklehurst (1977) who observed that during the meristematic 

phase of endosperm development, the final sink (kernel) size may be partially 

determined by a high level of assimilate supply. The author observed that when 

the assimilate supply was increased during anthesis by reducing floret number, 

an increase in final kernel weight and yield was observed in two wheat cultivars . 

Furthermore, the positive correlations between kernel weight and yield under 

control conditions and the concentration of stem soluble carbohydrates observed 

in our study, seem to support the view that the accumulation of soluble 

carbohydrates is a mechanism for storing of excess of photosynthates, rather 

than a manifestation of a simultaneous competitive sink (the stem). These 

findings are in agreement with more focused experiments conducted by Dubois 

et al (1990) and Winzeler et al. (1990) in which stem reserves were increased by 

increasing photosynthesis without a modification of the rate of dry matter 

depositions in the developing kernels. The experiments conducted by Kuhbauch 

and Thome (1989) further confirmed this concept of non competitive sink. They 

found that lowering photosynthesis resulted in an immediate cessation of stem 
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reserves accumulation without any substantial effect on grain filling rate. In this 

respect, Ludlow and Muchow (1990) raised the possibility that cultivars which 

exhibit a high stem soluble carbohydrates concentration may have a low yield 

potential because of a lower sink size. Those cultivars would be sink-limited. 

Our findings do not support this view, since we found that cultivars with higher 

yield and spike weight under control conditions (Fundulea, Gene, Stephens, 

Hoff, and TAM108) were also able to accumulate more soluble carbohydrates in 

the stem during grain filling, suggesting that a higher capacity for stem 

carbohydrates accumulation does not necessarily mean a smaller sink size. 

Moreover, it suggests that a higher photosynthetic capacity must be present in 

those cultivars to compensate for a larger sink. In agreement with our results, 

Daniels et al. (1983) found that in barley, high yield was associated with high 

increases in stem dry weight. These authors stated that this fact was an 

indication that the source capacity to boost yield is more than proportional to that 

required to fill the grain alone, and suggested the possibility that a high and 

increasing concentration gradient is required to satisfy the sink requirement of 

the grain beyond their normal capacity. 

Although the cultivars used in this study were chosen on the basis of their 

reputed performance under drought conditions, they may also represent two 

distinct groups with respect to the year of release. Thus, for example, Gene, 

Hoff, Fundulea and TAM 108 are considerably more modern cultivars, released 

during the past 12 years. Cultivars TAM108 and Fundulea were released in 

1984 and 1987 respectively, while Gene and Hoff were released in 1991. In 
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contrast TAM101, Sturdy, TAM105 and Stephens are considerably older. Sturdy 

was released in 1967, while TAM101, Stephens, and TAM105 were released 

during the 70's. Although KS89 was released as a germplasm in 1990, its 

parental line (ND 7532) was developed at least as early as 1982 (Sears and 

Deckard, 1982). With the exception of Stephens, the modern cultivars showed 

higher stem soluble carbohydrates concentration during the grain filling period 

than the older ones. The average concentration for the modern cultivars two 

weeks after anthesis ranged from 33% (Hoff) to 45% (Fundulea) during 1994

1995 and 31 % to 41 % in 1995-1996. In both seasons, older cultivars 

maintained an average concentration of about 25 % at the same sampling date. 

However, references from Lopatecky et al. (1962) and Ford et al. (1979) 

indicates that this association could be merely casual. For example, Ford et al. 

(1979), working with old wheat cultivars Capellez Desprez, Maris Hunstman and 

Sportsman, found that stem soluble carbohydrates represented more than 40 % 

of the stem dry weight two weeks after anthesis in some of the cultivars studied. 

It was found that leaf blades were able to accumulate soluble 

carbohydrates to a much lesser extent than stems. This findings are in 

agreement with reports by Spiertz and Ellen (1978), and McCaig and Clarke 

(1982). These authors found that throughout the grain filling period relatively 

low amounts of soluble carbohydrates are found in leaf blades (usually less than 

8 % of the dry weight), and most of the C14-labelled photosynthate is lost within 

one day. (Rawson and Hofstra , 1969 ; Bell and !moll, 1982). Although the 

physiology of soluble carbohydrate accumulation in leaves may be different from 
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that operating in the stem (Pollock, 1986), this findings can also be explained by 

the lack of an extensive vacuolated parenchyma in the mesophyll of leaf blades. 

In the stems, soluble carbohydrates are assumed to be present in the largely 

vacuolated sclerified parenchyma of the internodes, which represents the largest 

fraction of the total volume of the internodes (Lersten, 1987). 

Leaf blades constitute a low percentage of the above ground dry matter 

in the reproductive stage of a wheat plant which also includes stems, leaf 

sheaths and reproductive structures. Furthermore, the concentration of soluble 

carbohydrates present in the leaf blades at any time are low. These facts 

suggest that the leaf blades do not constitute an important source of stored 

soluble carbohydrates for supporting kernel growth. However, leaves provide a 

considerable amount of the nitrogen present in the grain at maturity in cereals 

(Evans et al., 1975; Austin.et al., 1977b; Cregan and Berkum, 1984). 

5.1.2. Analysis of Kernel Weight and Yield Reductions and Related Traits 

Significant differences in the response to chemical desiccation, in terms 

of kernel weight and yield reduction, were found among the wheat cultivars 

studied in both periods. For the experiments conducted during 1994-1995, the 

reduction of kernel weight and yield due to the application of the desiccant was 

considerable high for all entries. These results contrast with the observations 

made by Blum et al. (1983) in their original work on chemical desiccation, and 

later by Hossain et a/. (1990). Blum et al. (1983) reported that the application of 

magnesium chlorate at 4 % w/v reduced kernel weight by 15 to 32 % in four 

http:Austin.et
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wheat cultivars. Similarly, Hossain et a/. (1990) reported kernel weight 

reductions in the range of 19 to 38 % in 28 wheat cultivars, due to the 

application of a 2 % w/v solution of sodium chlorate. However, Nicolas and 

Turner (1993) found that an application of a 4% w/v solution of sodium 

chlorate10 days after anthesis caused a reduction in kernel weight of 77 % in the 

wheat cultivar Gutha. The authors further speculate that the chemical could be 

translocated to the developing kernels where it would arrest growth. 

High reductions in kernel weight were observed during 1994-1995, so it 

was decided to lower the concentration of the desiccant solution in the second 

season of experiments. Although the reduction in the concentration was not 

substantial (2.5% vs. 2.0%), a lower reduction in kernel weight and yield was 

found. This apparent increase in kernel weight could be explained by a lower 

toxicity of the solution which could have allowed further grow of the endosperm, 

but a higher contribution from current photosynthesis can not be ruled out since 

the symptoms of senescence caused by the desiccant were delayed (48 hours) 

with respect to the first year. 

In the present study, it was found that the reductions in kernel weight and 

yield due to chemical desiccation were not associated with kernel weight or yield 

under optimal conditions. However, Blum et al. (1983b) found that low 

reductions in kernel weight and yield caused by chemical desiccation were 

associated with small kernel size. These authors suggested that selection for 

smaller kernel size does not necessarily reduce yield potential and that under 

severe terminal stress, selection of cultivars with smaller kernel size would most 
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likely improve tolerance to post anthesis stress, in terms of sustaining least 

injury to grain filling. In agreement with our findings, Nicolas and Turner (1993), 

found no association between reductions in kernel weight due to chemical 

desiccation and kernel weight under potential (control) conditions. Haley and 

Quick (1993) found that the associations between kernel weight and kernel 

weight injury were not consistent with the environments, and suggested that 

potential kernel weight may be affected at the anthesis stage and thus, final 

kernel weight may vary according with location and years. This in turn may 

greatly influence the results since tolerance to chemical desiccation is measured 

with respect to potential kernel weight. 

5.1.3. Associations between Stem Soluble Carbohydrates and Relative 
Reductions 

A significant result of these experiments was the lack of association 

between chemical desiccation tolerance and stem soluble carbohydrates 

content. Since the capacity to maintain kernel growth without transient 

photosynthesis (after chemical desiccation) is a function of the amount of soluble 

carbohydrates present in the stems, it was expected that the reduction in kernel 

growth and yield would be negatively correlated with soluble carbohydrates 

concentration, especially with the amount of carbohydrates present at the time of 

the application of the desiccant (15 days after anthesis). However, the 

correlations were found to be low and non significant. Our findings do not 

confirm the results reported by Nicholas and Turner (1993), who observed that 

the amount of soluble carbohydrates was associated with kernel weight 



127 

reduction under desiccation. They found that cultivars with higher stem 

reserves, sustained a lower reduction in kernel weight and yield under chemical 

desiccation. However, in the experiment reported by these investigators, the 

chemical desiccant potassium iodide was sprayed only to vegetative parts of the 

wheat plants. As a consequence, photosynthesis from reproductive structures 

may have played an important role in grain filling. Although Blum et al. (1983a) 

found evidence that soluble carbohydrates content and remobilization were 

important to maintain kernel growth after desiccation, they never tested their 

hypothesis since no analysis of soluble carbohydrates was done during their 

experiments. Our findings suggest that other factors involved in the final 

expression of chemical tolerance could be important enough to break down any 

possible association with stem soluble carbohydrates concentration. One of 

which may be related to the possible toxicity of the chemical used. A rapid 

reduction in kernel growth caused by toxic effects of the sodium chlorate, would 

certainly affect cultivars with large potential grain size the most, regardless of 

the amount of soluble carbohydrates present at the moment of the treatment. 

Furthermore, and since chemical tolerance is judged against kernel 

weight (or yield) under control conditions, the relationship between stem soluble 

carbohydrates content per stem and yield per spike, that is, the potential 

contribution from stem carbohydrates, seems to be a better measurement to 

predict tolerance to chemical desiccation. Thus, it is possible that cultivars with 

low concentration of stem soluble carbohydrates may exhibit a good tolerance to 
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chemical desiccation if the potential weight of the spike is also proportionately 

low. 

5.1.4 Potential and Actual Contributions From Stem Reserves 

Potential contributions from stem reserves were estimated as the ratio 

between the available amounts of stem carbohydrates per stem and the yield per 

spike under control conditions. The available amount was obtained by 

subtracting the amount of carbohydrates remaining at maturity from that present 

at maximum concentration (usually, 15 days after anthesis). This measure 

represents the maximum percentage of dry matter present in the grain at harvest 

that can be accounted for by the remobilization of stored reserves. This is an 

upper limit since respiratory losses are not taken into account. We found that 

the maximum potential contributions varied from about 44 % to 62 % in 1994

1995, and from 43 % to"68 % in 1995-1996. Despite the important differences in 

carbohydrates accumulation found between the cultivars, both as percentage of 

dry matter and as absolute amount per stem ( from about 20 % to more than 40 

% of the dry matter, and from 0.6 g to 1.8 g per stem), the relative content of 

stem reserves seems to be less variable. In addition, cultivars that exhibit high 

amounts of stem reserves, had otherwise low relative contents. For example 

Stephens, which showed high levels of soluble carbohydrates in the stems at 

15 days after anthesis, consistently showed low potential contributions. Similar 

values were observed for TAM108. On the other hand, TAM105, which showed 

moderately low concentration of carbohydrates, had otherwise high potential 
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contributions. The estimation of the potential contributions includes both 

preanthesis and post anthesis accumulated stem reserves. Stem reserves at 

anthesis are the product of preanthesis photosynthesis and remobilization from 

other organs into the stem (Pheloung and Siddique, 1988). We found that stem 

reserves accumulated at anthesis were about 50 percent of that present two 

weeks later. Thus, the potential contributions from preanthesis reserves in the 

stem would be only about 50 % of those estimated for the total, or about 20 to 

30 %. Including a loss of about 30 % due to respiratory processes (Austin et a/., 

1977), it may be concluded that the preanthesis stores reserves do not 

substantially contribute to kernel weight under non stressed conditions in most of 

the cultivars. These figures are in agreement with detailed studies conducted by 

Bidinger et al (1977) in wheat and barley. The larger relative contributions to 

grain yield of preanthesis stored carbohydrates usually found under post 

anthesis dry conditions, are often associated with lower yields and therefore 

must not be associated with larger amount of reserves used in grain filling 

(Bidinger et al., 1977). 

Since the grain dry matter is a product of current photosynthesis and 

stem reserve remobilization, it can be assumed that cultivars with lower 

potential contributions from these reserves rely more on current photosynthesis 

during grain filling than on stored carbohydrates. Thus, it is expected that under 

environmental conditions that reduce photosynthesis, cultivars with lower 

potential contributions would sustain higher reductions in kernel weight (or 

yield). The actual contributions from stem reserves under desiccation were 
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estimated first by subtracting the amount of carbohydrates remaining in the 

stems two weeks after the desiccation, from the amount present before the 

application of the desiccant (available carbohydrates). The efficiency of 

remobilization (actual contributions) was then calculated as the ratio between 

the increase in weight of the spike and the available reserves, and expressed as 

percentage. It was found that stem reserves contributed littele to grain growth 

under desiccation. Maximum contributions for the first year were about 20 %, 

and 60 % in the second year, with minimum values well below 10 % and 40 %, 

for both years respectively. This figures may be already inflated, since 

photosynthesis was not immediately stopped after desiccation, but possible 

continued for one or two days. Considering that efficiencies in carbohydrates 

contributions is estimated about 70 % (30 % respiratory loss) according to Austin 

et at., (1977a), our results suggest that most of the carbohydrates were lost in 

respiration. This findings also suggest that this technique may underestimate 

the capacity of remobilization of stored carbohydrates. 

5.2 Experiments Conducted at Moro 

5.2.1 Analysis of Soluble Carbohydrates and Related Traits 

At the Moro site, an extensive accumulation of soluble carbohydrates 

during grain filling was noted in all the cultivars studied, both under irrigation 

and no irrigation. Maximum accumulation was observed to occur two weeks 

after anthesis under both situations. At anthesis, stem soluble carbohydrates 
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concentration was about half of that present two weeks later. In addition, all 

cultivars maintained a substantial amount of stem soluble carbohydrates four 

weeks post anthesis when grown under irrigation. In contrast, plots under non 

irrigated conditions lost stem soluble carbohydrates more rapidly, and by the 

fourth week after flowering, the- concentration of stem reserves was very low. 

We found that plots under irrigated conditions contained a higher concentration 

of stem carbohydrates than non irrigated plots at all sampling dates. At 

maturity, cultivars under irrigation retained a higher concentration of soluble 

carbohydrates when compared with non irrigated plots. Furthermore, under 

irrigated conditions, some cultivars retained more stem carbohydrates than 

others. For example, Gene, Hoff, Fundulea , TAM108, and Stephens contained 

a substantial amount of stem reserves at maturity (>10%) compared with the rest 

of the cultivars. However, under non irrigated conditions, these differences were 

less noticeable. The disappearance of stem reserves is believed to be caused 

by two main processes: remobilization and respiration (Austin et aL,1977a, 

Gallagher et aL, 1976). As previously noted (Austin et aL,1977a), approximately 

30 % of the losses in stem carbohydrates reserves during grain filling are 

accounted by respiratory processes. If respiratory losses can be assumed to be 

the same under irrigated and non irrigated conditions, our results suggest that 

the efficiency of remobilization is higher under non irrigated conditions. They 

also suggests that there may be certain differences among cultivars in the 

efficiency of remobilization, especially when grown under irrigated conditions. 

However, this is no indication that more carbohydrates are being remobilized to 
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the developing kernels under non irrigated conditions. Except at maturity, when 

kernel growth is zero, the lower amount of stem soluble carbohydrates found in 

non irrigated plots may not be only the result of an earlier remobilization, but it 

may also be the consequence a lower photosynthetic capacity caused by 

drought stress. At this sampling stage, leaf rolling was observed in most of the 

non irrigated plots, especially around midday. In addition, measurements of 

photosynthetic activity during the period 1995-1996 for some cultivars, clearly 

showed that photosynthesis rate was lower in non irrigated plots at 15 days after 

anthesis. Our findings are in agreement with several studies which have 

indicated that plants experiencing drought stress become more efficient in the 

translocation of stem reserves to the kernels, although the total amount of 

translocated reserves may be lower than nonstressed plants. For example, 

Davidson and Chevalier (1992), using spring wheat cultivars noted that a lower 

amount of soluble carbohydrates remained in the stems of plants subjected to 

drought compared to those grown under non limiting conditions, but the total 

amount of carbohydrates translocated to the kernel was higher under irrigated 

conditions. 

For the period 1995-1996, a moderate leaf rust infection was observed in 

some of the cultivars which may have affected the production and accumulation 

of photosynthates. Sturdy and TAM105, were severely infected by the third 

week after anthesis, while TAM101 and KS89 were moderately affected by the 

disease. The rest of the cultivars showed a good resistance with very few 

symptoms expressed throughout the grain filling period. It was found that stem 
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soluble carbohydrates in rust infected plots declined more rapidly than in non
 

infected plots, probably due to a smaller photosynthetic capacity.
 

5.2.2. Analysis of Kernel Weight and Yield Reductions and Related Traits 

Due to the epidemic of leaf rust disease which affected the performance 

of some cultivars during 1995-1996, the discussion will be centered around the 

results obtained during the 1994-1995 period. 

Significant differences were found between cultivars for kernel weight and 

yield potential under irrigated conditions. Kernel weight under irrigation varied 

from 34 g to about 60 g per 1000 kernels. Important differenceswere also 

observed for yield under irrigated conditions. Yields varied from 520 g m-2 to 

more than 700 g m.2. From simple physiological considerations, it is not difficult 

to see that the absolute reduction in kernel weight or yield for a given reduction 

in resources (i.e. water) is strongly influenced by kernel weight or yield potential. 

Thus, relative reductions (instead of absolute reductions) were calculated in 

order to remove the effect of variation in the potential expression of this 

characters. 

Differences in the relative reduction in kernel weight and yield were 

observed among the cultivars. Reduction in kernel weight was positively 

correlated with a decrease in yield across cultivars, suggesting that the 

decrease in kernel weight reduced yield. These findings are in agreement with 

abundant bibliography which indicate that post anthesis drought stress usually 

causes reductions in yield by decreasing kernel weight. In general, kernel 
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number is not affected unless stress is produced around anthesis (Aggarwal 

and Sinha, 1984; Fischer and Kohn, 1973; Fischer and Maurer, 1978). It has 

been found that the sensitivity of grain number to drought may be such as to 

permit reasonable grain filling, despite the fact that the intensity of the drought 

continues to increase and is greater during grain filling than at around anthesis 

(Fischer and Maurer, 1978). In such cases, reductions in yield may not be 

correlated with reductions in kernel weight, as yield components compensation 

may obscure the reactions of cultivars to post anthesis drought. We avoided 

such complications by providing all the plots with approximately 20 mm of water 

a week prior flowering. 

Despite the correction by kernel weight and yield potential, we found that 

reductions in both traits were not totally independent of the potential expression 

by the cultivars. Positive correlations were observed between reductions in 

kernel weight and yield, and kernel weight and yield under irrigated (potential 

conditions). This results are in agreement with those obtained by Blum et al. 

(1983b) who found that under post anthesis drought stress, tolerance was 

positively correlated with small kernel size. However, these authors found no 

association between kernel size and yield, suggesting that post anthesis 

drought resistance, in terms of a low reduction in kernel weight, could be 

achieved by selection for small kernel size. Certainly, that conclusion is not 

warranted based in our results. The positive association between kernel weight 

and yield observed in our data, suggest that selection for small kernel size 

would decrease yield potential. Nevertheless, this correlations are estimations 
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based on cultivars mean values. A better evaluation of the potential kernel 

weight as a trait related to drought resistance should be done using segregating 

populations derived from crosses of parents with contrasting genotypes. 

Fischer and Maurer (1978) also recognized the effect of potential yield on 

performance of spring wheat, and after correction of yield reductions by yield 

potential, they found that both were not totally independent. Cultivars with 

greater yield potential, exhibited a higher susceptibility to drought stress. This 

general observation (Bidinger et aL, 1982) may partially explain the fact that 

genetic improvement for yield under drought conditions have not been as 

impressive as in optimal environments. The fact that reductions in yield under 

stress conditions are more than proportional to potential yield, suggest that 

variation for yield under stress conditions are smaller than in optimal 

environments. In addition, the erratic nature of stress in many situations 

reduces heritability and thus, genetic response. Rosielle and Hambling (1981) 

have presented evidence for this phenomenon. 

The Texas wheat cultivars, TAM101 and TAM105, showed good tolerance 

to drought during 1994-1995. Both were considered as drought resistant by 

Winter et al. (1988). Despite considered a drought susceptible cultivar, Sturdy 

showed very low reductions in kernel weight and yield (about 18 and 20%, 

respectively). One explanation for this response may be that Sturdy was the 

earliest of the cultivars in the study, and it reached anthesis three days earlier 

than most of the cultivars. Thus, plots under non irrigated conditions may have 

experienced less stress than the later cultivars. In this respect, Innes et al., 
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(1991) noticed the benefits of earliness in environments with terminal stress. 

However, there is the possibility that kernel weight (and possible yield) potential 

may not have been totally achieved under irrigated conditions for Sturdy, thus 

resulting in a apparently good drought resistance. Evidence for this possibility 

can be found by comparing kernel weight and yield under control conditions at 

Hyslop and in irrigated plots at Moro. For most of the cultivars, kernel weight 

under irrigation was higher than in control conditions at Hyslop, indicating that 

potential kernel weight was better expressed under irrigated conditions at Moro. 

For example Stephens , exhibited an increase in kernel weight from about 50 g 

at Hyslop, to about 60 g per 1000 kernels under irrigation at Moro. Similarly, 

Gene showed an increase of about 7 g , and TAM105 about 5 g per 1000 

kernels. However, Sturdy did not show any substantial increase, and in fact, a 

small decrease in kernel weight is observed when compared with the mean 

value at Hyslop in 1994-1995 (42.40 g vs. 41.70 g). 

It was observed that the cultivars with highest yields under irrigation also 

exhibited the highest yields under non irrigated conditions, despite their 

increased susceptibility to post anthesis stress. These findings are in 

agreement with reports by Rajaram et al. (1995) and van Ginkel (1994) that 

recognized that yield potential per se is beneficial also in drought environments. 

In this respect, Stephens, Hoff and Gene have been developed under the so 

called "shuttle breeding", which involves selection of segregating generations at 

contrasting environmental conditions. In theory, cultivars developed in this 

manner should maintain a reasonable high yield under stress conditions, but 
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they would also be responsive to occasional favorable conditions (Rajaram et al. 

(1995). Indeed, these authors and Briceno (1996) have shown that evaluation 

and selection under optimum environments (for yield potential) and subsequent 

test under stress conditions to maintain alleles for drought resistance, is a good 

strategy in breeding crops for drought prone environments. Thus, the response 

of cultivars to post anthesis drought may be analyzed under a different 

approach. That is, the response of the cultivars to improved post anthesis 

growing conditions. With this approach we observe that TAM108, Stephens, 

and Gene were highly responsive to the improved conditions generated by drip 

irrigation during grain filling. Fundulea and Hoff were also responsive, although 

to a lesser extent, to irrigation. When the improvement is produced during grain 

filling, as is the case in our experiment, potential kernel weight becomes a 

critical trait. The advantage of high potential kernel weight was recognized by 

Blum et a/. (1983b) as the authors mentioned that under intermittent stresses 

that occur during earlier growth stages, potentially larger kernels may offer an 

advantage as a factor involved in plant compensation for suppression of earlier 

yield components. Such advantages were noted by Fisher and Wood (1979) in 

spring wheat. Moreover, if genotypes are to take advantages of occasional 

`good years', high potential kernel weight would provide the opportunity to 

further express yield potential in those circumstances. This considerations 

suggest that selection for responsiveness to improved conditions during the 

grain filling period should be carried under optimum environments where 

potential kernel weight can be fully expressed. 
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5.2.3 Association between Stem Soluble Carbohydrates, relative reductions 
and Productivity Traits 

The analysis performed showed that concentration of stem soluble 

carbohydrates was positively correlated with kernel weight and yield under 

irrigation at some of the sampling dates. As previously noted, the same 

relationship was observed at Hyslop. Cultivars with higher kernel weights and 

yield, tended to exhibit a higher concentration of stem reserves during grain 

filling. Also, reductions in kernel weight and yield were positively correlated 

with stem reserves concentration at anthesis and at harvest maturity, but not 

with stem reserves found at 15 days after anthesis. There is an apparent 

contradiction in these findings, that suggest that high stem reserves at anthesis 

are detrimental for drought resistance. Two explanations are in order. First, it is 

recognized that preanthesis stem reserves play a minor role during grain filling 

under optimal conditions, and possibly under conditions conducive to mild 

reductions in kernel weight, as well. Second, higher concentrations of stem 

reserves at anthesis may not be of importance if they are associated with 

higher grain yield per spike. In fact, cultivars like TAM108, Fundulea, and Gene, 

which exhibited the largest concentration of stem reserves at anthesis (Table 

27), had also high yields per spike (Table 38). In addition, Hoff and Stephens, 

which had moderate levels of reserves at anthesis, also had high spike weights. 

On the other hand, a low concentration of stem reserves at maturity means a 

higher efficiency of remobilization (if respiration can be assumed to be similar 

levels in the different cultivars), and should be beneficial regardless of the other 
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factors. We found evidence that under irrigated conditions, cultivars with higher 

reductions in yield and kernel weight, retained a substantial amount of reserves 

after maturity. However it must be recognized that such differences were not 

observed when cultivars were grown under stress. 

5.2.4. Potential contributions from Stem Soluble Carbohydrates 

It is possible that pre-stored carbohydrates are continuously being 

transferred to the growing kernel. However, the fact that stem reserves 

increased up to the second week after anthesis is indicative that current 

photosynthesis was more than enough to sustain kernel growth under both, 

irrigated and non irrigated conditions. Cultivars with high photosynthetic 

capacity and the beginning of the grain filling period, particularly before to the 

onset of the linear phase of growth, would be able to accumulate more stem 

reserves. This would provide a better adaptation to tolerate drought stress later 

during the linear phase of grain filling. Thus, an estimation of the potential 

contributions could be indicative of the capacity of a cultivar to tolerate drought, 

under the assumption that efficiency of remobilization is similar in all cultivars 

(considering respiratory losses being similar). 

Potential contributions were estimated for irrigated plots in a similar 

manner as for the control treatment at Hyslop. The estimations were more 

variable between cultivars than those estimated for the Hyslop experiments. 

During 1994-1995, potential contributions varied from about 37 % in Stephens, 

up to about 90 % in Tam105. Potential contributions from stem reserves 
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present at anthesis (preanthesis photosynthesis) would be smaller by about 50 

percent in most of the cultivars. Considering a 30 % loss of carbohydrates due 

to respiration, the preanthesis stem reserves seem to play a minor role in the 

expression of final yield at Moro, except perhaps for TAM105. 

Potential contributions estimated during 1995-1996 must be cautiously 

taken, because the leaf rust outbreak differentially affected the cultivars. 

Nevertheless, estimated potential contributions for the cultivars less affected by 

the disease were similar as those noted for the experiment conducted duirng 

1994-1995. 

5.3 Relationship between Chemical Desiccation and Drought 
Resistance 

No association was found between the relative reductions in kernel weight 

and yield under chemical desiccation and those observed under drought stress. 

Our results are in contrast with those obtained by Blum et al. (1983b). These 

authors studied the effect of chemical desiccant in non stressed environments as 

compared with the effect of post anthesis drought stress. They found that the 

extent of injury to kernel weight by drought stress was positively correlated ( 

across cultivars) with the injury to kernel weight by chemical desiccation. In 

addition, they reported low reductions in kernel weight and yield under chemical 

desiccation as compared with our results. On the other hand, Hossain et al. 

(1990) found that the performance of wheat cultivars under chemical 

desiccation was positively correlated with the performance at one of two 
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locations. These investigators also reported low reductions in kernel weight and 

yield of chemically desiccated plants as compared with the results of this study. 

In contrast, we observed a severe reduction in kernel weight and yield 

associated with chemical desiccation in all the cultivars analyzed, and it was 

estimated that most of the soluble carbohydrates were not translocated to the 

kernels, but were lost by respiration. In our experiments, chemical desiccation 

using sodium chlorate did not reasonably simulate the physiological environment 

of a drought stressed plant in terms of remobilization of stored reserves. 

It was proposed that potential contributions from stem reserves would 

predict the ability of a plant to cope with drought stress during the linear phase 

of kernel growth based on remobilization of stored reserves. Cultivars with low 

potential contributions may rely more on current photosynthesis than plants with 

larger potential contributions, and thus would be less adapted to a terminal 

stress, assuming similar efficiencies in remobilization. We tested the 

relationship between potential contributions and the observed reductions in 

kernel weight and yield under both chemical desiccation and drought 

conditions. Cultivars with larger potential contributions tended to show an 

increased tolerance under chemical desiccation. We observed that Stephens , 

which consistently showed a poor performance in terms of reductions in kernel 

weight and yield , presented low potential contributions. Gene and TAM105 

exhibited high levels of stem reserves and showed good tolerance to chemical 

desiccation, as well. However, Fundulea did not perform as would be expected 

based on the potential contributions it showed during 1994-1995. Similarly, in 
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1994-1995, TAM108 showed a good performance under chemical desiccation, 

but otherwise exhibited relatively low potential contributions. During 1995-1996, 

TAM105 exhibited very high potential contributions from stem reserves. 

Accordingly, this cultivar also showed a high tolerance to chemical desiccation. 

However, inspection of Tables 14 and 17 reveals that TAM105 had low kernel 

weight under control conditions during 1995-1996. As a consequence, kernel 

weight reduction was apparently very low, and potential contributions were 

probably overestimated. This situation emphasizes the importance of control 

plots growing under optimal conditions. Blum et al. (1983b) indicated that if 

grain filling in non desiccated controls was under stress, estimates of kernel 

weight or yield injury would be biased. The moderate association between 

potential contributions and kernel weight and yield reductions may have been 

caused by the desiccant itself through some phytotoxic effect on kernel growth. 

The low levels of remobilization detected (actual contributions) suggest that this 

factor may have actually decreased the associations. 

When the potential contributions were compared with the performance 

under drought stress (Moro), the relationships were non significant. However, 

the data illustrated in Figure 13 showed that, except for Sturdy and TAM101, 

higher reductions in kernel weight and yield (drought susceptibility) were 

associated with lower potential contributions from stem reserves. Thus, TAM105, 

KS89, and Fundulea, showed higher potential contributions than Hoff, TAM108 

and Stephens, and as expected, sustained lower reductions in kernel weight and 

yield. Gene , on the other hand, exhibited a moderate reduction in kernel weight 
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as expected according to its moderate potential contributions, but otherwise had 

a high reduction in yield. It is possible however, that the reduction in yield was 

overestimated, since this cultivar presented an incipient shattering in 

nonirrigated plots at the time of harvest. 

It was already mentioned that Sturdy was the earliest of the cultivars 

employed in this study. As a consequence, the low reductions in kernel weight 

and yield observed for this cultivar may be more linked to the lower stress 

encountered during the grain filling period, than to its potential contributions from 

stem reserves. 

"TAM101", showed the lowest reduction in yield and very low levels of 

injury to kernel weight, despite having only moderate potential contributions from 

stem reserves. It is possible that this cultivar may posses an increased 

efficiency in stem reserve utilization. However, the studies reported by Hossain 

et al. (1990) indicated that TAM101 had low efficiencies in stem reserve 

utilization under chemical desiccation. On the other hand, Winter et al. (1989) 

reported that TAM101 usually remains green for a longer period of time than 

other cultivars during grain filling. Under this circumstances, remobilization of 

stem reserves may be more gradual and grain filling may depend less on stored 

carbohydrates. Unfortunately, this could not be confirmed since days to 

maturity were not observed during 1994-1995. 

In summary, it was observed that potential contributions from stem 

reserves estimated at the onset of the linear phase of grain development, may 

have some value to predict drought susceptibility (or resistance) under terminal 
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stress. However, with phenologically variable cultivars, its value is 

questionable. 
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6. Summary and Conclusions 

The main objectives of this investigation were to determine whether 

differences in the accumulation of soluble carbohydrates in vegetative organs 

exist between wheat cultivars and their possible associations with tolerance to 

chemical desiccation and drought stress, and with productivity traits. 

To achieve these goals, two experiments were conducted. Nine winter 

wheat cultivars were planted in a split plot design at the Hyslop Crop Science 

Field Laboratory. Cultivars (subplots) were either sprayed with a solution of 

sodium chlorate to destroy all photosynthetic sources, or left untreated (control 

plots). Application was done 15 days after anthesis. Total soluble 

carbohydrates were quantified over the grain filling period in two fractions, 

namely, stem plus sheath and leaf blades. The experiment was repeated over 

two seasons. 

At the Sherman Branch Experiment Station, Moro, Oregon, the same 

array of cultivars were planted in a split plot design, with irrigation regimes as 

main plots in a randomized complete block design, and wheat cultivars as 

subplots. Irrigation regimes consisted in drip irrigation during grain filling 

(irrigated control), and no irrigation. Total soluble carbohydrates were quantified 

in stem plus sheath and leaf blades over the grain filling period. 

The variation of soluble carbohydrates during the grain filling period and 

across cultivars was study using a repeated measures analysis of variance. To 

study the possible association of stem soluble carbohydrates with productivity 
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traits, 1000 kernel weight, spike weight and yield were recorded for all plots 

and the associations evaluated by correlation analysis.
 

From this studies, the following conclusion can be made:
 

1. Significant differences among cultivars were noted for the accumulation of 

soluble carbohydrates in vegetative organs at most of the sampling dates. 

Cultivar by sampling date interactions were also noted. 

2. Soluble carbohydrates accumulated in the stem to a much greater extent
 

than in leaf blades.
 

3. At the Hyslop site, the variation in soluble carbohydrates content was related 

with the time elapsed from anthesis. They increased from anthesis to two 

weeks post anthesis, remained at the same levels for another week and then 

decreased toward maturity. In contrast, leaf soluble carbohydrates reached a 

peak at 15 days after anthesis, and then declined towards maturity. 

4. Chemical desiccation severely affected kernel growth. No association was 

detected between stem soluble carbohydrates content and chemical 

desiccation tolerance. Under chemical desiccation, most of the stem 

reserves were lost by respiration. 

5. Positive associations were observed between stem soluble carbohydrates 

concentration and productivity traits. It was concluded that stems are storage 

organs and act as alternative sinks when assimilate production exceeds the 

demand from reproductive structures. 

6. No association was observed between performance under chemical 

desiccation and drought stress. Chemical desiccation did not reasonably 
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simulated the conditions of a drought stressed plant in terms of stem reserve 

remobilization. 

7. Accumulation of soluble carbohydrates was higher in irrigated plots than in 

non irrigated plots. Under irrigation, the efficiency of remobilization was lower 

than in non irrigated plots. 

8.	 Potential yield was positively associated with kernel weight. Both traits were 

positively associated with drought susceptibility, even after correction for 

yield (and kernel weight) potential. 

9.	 High potential kernel weight was important in the determination of the 

response to favorable conditions (irrigation). 

10. Preanthesis stem reserves do not seem to substantially contribute to the 

yield per spike in optimal environments. Most of the grain dry matter is 

originated during the post anthesis period. 

11. Potential contributions from stem reserves evaluated under optimal 

environments, may have some value in the prediction of the response of 

cultivars to drought stress during the linear phase of kernel growth. 
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Appendix Table 1. Description of cultivars used in the study. 

Year of 
Cultivar Release Pedigree Type 

Stephens 1977 NordDeprez/Pullman 101 SWW 

Gene 1991 CLEO/PCH//ZZ SWW 

Hoff 1991 ProbEilT0B66 HRW 

Fundulea 1987 Fund29/2*Lovrin32 HRW(1) 

TAM 101 1971 Norin16/3Nebraska60'//Med/ 
Hope /4/Bison HRW 

TAM 105 1979 composite bulk (Scoutt 66) HRW 

TAM 108 1984 Sturdy sib391
56/Triumph/Centurk HRW 

Sturdy 1967 Hope/Cheyenne//Wichita HRW 

KS89WGRC9 1990 ND7532 HRW 

(1) Posses 1B.1R translocation 
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Appendix Table 2. Summary of meteorological data for Hyslop Crop Science 
Field Laboratory (1994-1995). 

Average Temperature (°C) 
Month Maximum Minimum Mean Precipitation Evaporation 

(mm) (mm) 
October 17.7 4.46 11.12 97.54 

November 8.57 0.96 4.77 229.36 

December 9.01 1.88 5.45 159.00 

January 9.55 3.55 6.55 251.46 

February 12.56 3.47 8.01 108.97 

March 13.62 3.01 8.31 120.40 

April 15.05 3.87 9.46 134.62 

May 20.87 7.51 14.19 36.32 135.64 

June 22.76 9.96 16.36 59.94 146.56 

July 27.77 12.81 20.29 13.21 192.02 
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Appendix Table 3. Summary of meteorological data for the Hyslop Crop 
Science Field Laboratory (1995-1996) 

Month 

October 

Average Temperature ( °C) 
Maximum Minimum Mean 

17.51 5.79 11.65 

Precipitation 
(mm) 
100.58 

Evaporation 
(mm) 

November 13.72 6.28 10.17 196.01 

December 8.90 2.29 5.60 257.05 

January 8.55 2.81 5.68 263.40 

February 9.94 1.28 5.61 346.20 

March 13.67 3.50 8.58 89.92 

April 16.50 5.83 11.17 125.22 

May 17.50 6.17 11.83 101.09 93.47 

June 23.00 8.39 15.69 21.59 160.53 

July 29.67 12.33 21.00 23.37 225.30 
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Appendix Table 4. Summary of meteorological data for the Sherman Branch 
Experimental Station, Moro (1994-1995). 

Month 

October 

Average Temperature ( °C) 
Maximum Minimum Mean 

16.45 2.08 9.26 

Precipitation 
(mm) 
57.66 

Evaporation 
(mm) 

November 7.04 -1.35 2.84 45.47 

December 5.41 -3.07 1.17 22.86 

January 2.56 -3.73 -0.58 93.22 

February 9.68 -0.24 4.72 29.97 

March 10.86 -0.41 5.22 28.96 

April 13.90 2.33 8.12 49.53 

May 20.17 7.31 13.74 24.64 196.09 

June 22.15 9.26 15.71 36.83 230.38 

July 27.03 12.79 19.91 27.94 289.56 
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Appendix Table 5. Summary of meteorological data for the Sherman Branch 
Experimental Station, Moro (1995-1996). 

Month 

October 

Average Temperature (°C) 
Maximum Minimum Mean 

15.89 3.16 9.53 

Precipitation 
(mm) 
16.26 

Evaporation 
(mm) 

November 11.87 1.68 6.78 81.28 

December 3.57 -2.46 0.56 55.88 

January 5.34 -2.96 1.19 47.24 

February 4.65 -5.29 -0.32 61.72 

March 10.54 0.54 5.54 16.51 

April 15.22 2.78 9.00 26.42 

May 16.45 4.55 10.50 36.58 141.22 

June 22.87 8.22 15.55 9.14 219.202 

July 31.02 12.83 21.93 3.81 314.96 
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Appendix Table 6. Regression Analysis and Calibration Curve for Soluble 
Carbohydrates (Sucrose is the Standard). 

Source 

Model 

Error 

df 

1 

9 

Mean Square 

2.8643 

0.0022 

F value 

11580.61 

prob>F 

0.0001 

CV (%)= 3.29 
R2= 0.992 

Variable 

Intercept 

Concentration 

Restrict 

df 

1 

1 

-1 

Parameter Estimates 

Estimate STD Error 

0.00 

0.008625 0.00008015 

0.035000 0.02302201 

Ho:par.=0 

107.61 

1.520 

prob>T 

0.0001 

0.1628 
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Appendix Table 7.	 Repeated Measures Analysis of Variance for stem Soluble 
Carbohydrate concentration. Hyslop Crop Science Field 
Laboratory 1994-1995. 

Source of Variation df Mean Square G-G (pr>F) 

Block	 1 29.08 

Cultivar 8 229.34 0.0001 

Error (Cultivar) 8 2.58 

Time 4 300.18 0.0001 

Time*Block 4 8.41 

Time*Cultivar 32 28.32 0.0001 

Error(Time) 32 2.87 

Test for Sphericity: 
Mauchly's Criterion Prob > Chisquare = 0.03 
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Appendix Table 8. Repeated Measures Analysis of Variance for Leaf Soluble 
Carbohydrate concentration. Hyslop Crop Sience Field 
Laboratory 1994-1995. 

Source of Variation df Mean Square G-G (pr>F) 

Block 1 0.41 

Cultivar 8 3.77 0.031 

Error (Cultivar) _8 0.92 

Time 3 28.98 0.0001 

Time*Block 3 0.06 

Time*Cultivar 24 0.69 0.7464 

Error(Time) 24 0.96 

Test for Sphericity: 
Mauch ly's Criterion Prob > Chisquare = 0.07 
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Appendix Table 9. Repeated Measures Analysis of Variance for Stem Weight. 
Hyslop Crop Science Field Laboratory 1994-1995. 

Source of Variation Mean Square G-G (pr>F) 

Block 1 0.1269 

Cultivar 8 3.6103 0.0001 

Error (Cultivar) 8 0.0434 

Time 4 2.7654 0.0001 

Time*Block 4 0.1381 

Time *Cultivar 32 0.1403 0.0600 

Error(Time) 32 0.0649 

Test for Sphericity: 
Mauchly's Criterion Prob > Chisquare = 0.07 
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Appendix Table 10. Repeated Measures Analysis of Variance for Stem Soluble 
Carbohydrates concentration. Hyslop Crop Science Field 
Laboratory 1995-1996 

Source of Variation df Mean Square G-G (pr>F) 

Block 1 0.71 

Cultivar 8 257.56 0.0010 

Error (Cultivar) 8 6.45 

Time 4 162.14 0.0001 

Time*Block 4 8.29 

Time Cultivar 32 17.61 0.0003 

Error(Time) 32 4.09 

Test for Sphericity: 
Mauchly's Criterion Prob > Chisquare = 0.28 
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Appendix Table 11. Repeated Measures Analysis of Variance for Leaf Soluble 
Carbohydrate concentration. Hyslop Crop Science Field 
Laboratory 1995-1996. 

Source of Variation df Mean Square G-G (pr>F) 

Block 1 2.25 

Cultivar 8 4.20 0.0139 

Error (Cultivar) 8 0.77 

Time 3 34.41 0.0001 

Time*Block 3 1.72 

Time*Cultivar 24 1.17 0.0437 

Error(Time) 24 0.51 

Test for Sphericity: 
Mauchly's Criterion Prob > Chisquare = 0.63 
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Appendix Table 12. Repeated Measures Analysis of Variance for Stem Weight. 
Hyslop Crop Science Field Laboratory1995-1996. 

Source of Variation Mean Square G-G (pr>F) 

Block 1 0.10 

Cultivar 8 1.96 0.0001 

Error (Cultivar) 8 0.03 

Time 4 1.30 0.0001 

Time*Block 4 0.11 0.3258 

Time*Cultivar 32 0.05 0.9053 

Error(Time) 32 0.09 

Test for Sphericity: 
Mauchly's Criterion Prob > Chisquare = 0.06 



171 

Appendix Table 13. Observed mean squares for kernel weight and yield 
injury (%). Hyslop Crop Science Field Laboratory 
1994-1995. 

Source of 
Variation 

df kernel weight 
injury (%) 

Yield 
injury (%) 

Block 

Cultivar 

Error 

2 

8 

16 

8.71 

45.06* 

4.64 

9.66 

69.56* 

11.24 

Mean 

CV(%) 

*.Significant at a=0.05 

70.91 

4.00 

71.95 

4.65 
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Appendix Table 14. Julian anthesis date, physiological maturity and grain filling 
period for the cultivars grown at Hyslop Crop Science Field 
Laboratory . 

HYSLOP 

Cultivar Flowering Maturity Grain Filling Period 
(Julian Days) (Julian Days) 

1994-95 1995-96 1994-95 1995-96 1994-95 1995-96 

Stephens 145 145 183 182 38 37 

Hoff 145 146 182 180 37 34 

Gene 141 142 180 179 39 37 

Fundulea 144 144 180 177 36 33 

TAM101 145 146 179 178 34 32 

TAM105 144 144 175 174 31 30 

TAM108 141 141 177 176 36 35 

Sturdy 134 134 174 171 40 37 

KS89 149 150 175 179 26 29 
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Appendix Table 15. Observed mean squares for Harvest Index and Kernel 
Weight per Spike . Hyslop 1994-1995. 

Source of 
Variation 

df Harvest Index Kernel Weight 
per Spike (g) 

Block 

Cultivar 

Error 

2 

8 

16 

0.00019 

0.00515* 

0.00067 

0.00416 

0.76412* 

0.03757 

Mean 

CV(%) 

*.Significant at a=0.01 

0.35 

7.32 

1.59 

12.15 
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Appendix Table 16. Observed mean squares for kernel weight and yield injury 
(%).Hyslop Crop Science Field Laboratory 1995-1996. 

Source of 
Variation 

df kernel weight 
injury (%) 

Yield 
injury (%) 

Block 

Cultivar 

Error 

1 

8 

8 

313.91 

110.22* 

5.40 

115.98 

81.96* 

7.17 

Mean 

CV(%) 

*.Significant at a=0.05 

52.61 

5.36 

58.91 

6.17 
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Appendix Table 17. Observed mean squares for Harvest Index and Kernel 
Weight per Spike . Hyslop Crop Science Field Laboratory 
1995-1996. 

Source of 
Variation 

df Harvest Index Kernel Weight 
per Spike (g) 

Block 

Cultivar 

Error 

1 

8 

8 

1.28 

0.53* 

0.12 

1.15 

0.63* 

0.27 

Mean 

CV(%) 

*.Significant at a=0.05 

34.33 

10.19 

1.67 

16.17 
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Appendix Table 18. Repeated Measures Analysis of Variance for stem Soluble 
Carbohydrate concentration. Sherman Branch 
Experimental Station, Moro 1994-1995. 

Source of Variation df Mean Square G-G (pr>F) 

Block
 

Irrigation
 

Cultivar
 

Cultivar *irrigation
 

Error
 

Time
 

Time*Block
 

Time*Irrigation
 

Time*cultivar
 

time *irrigation *cult.
 

Error(Time)
 

Test for Sphericity: 

1 17.24 

1 2078.40 0.0001 

8 74.96 0.0001* 

8 12.78 0.0125* 

17 3.54 

2 5052.80 0.0001* 

2 6.588 

2 127.38 0.0001* 

16 23.73 0.0004* 

16 7.61 0.2452 

34 5.74 

Mauchly's Criterion Prob > Chisquare = 0.39 
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Appendix Table 19. Repeated Measures Analysis of Variance for Stem 
Weight. Sherman Branch Experimental Station, Moro 
1994-1995. 

Source of Variation df Mean Square G-G (pr>F) 

Block 1 0.0533 

Irrigation 1 3.8533 0.0002 

Cultivar 8 2.0080 0.0001 

Cultivar *irrigation 8 0.0487 0.9624 

Error 17 0.7179 

Time 2 12.9028 0.0001 

Time*Block 2 0.0108 

Time*Irrigation 2 2.0586 0.0001 

Time *cultivar 16 0.1578 0.3556 

Time*Irrigation*Cult. 16 0.0690 0.9149 

Error(Time) 34 0.1368 

Test for Sphericity: 
Mauchly's Criterion Prob > Chisquare =.0.19 
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Appendix Table 20. Repeated measures analysis of variance for Stem Soluble 
Carbohydrates content . Sherman Branch Experimental 
Station, Moro 1995-1996. 

Source of Variation df Mean Square G-G (pr>F) 

Block 1 0.2765 

Irrigation 1 2181.4348 0.0001 

Cultivar 8 1.73.3834 0.0001 

Cultivar *irrigation 8 46.9490 0.0009 

Error 17 7.7329 

Time 3 2846.0146 0.0001 

Time*Block 3 1.3480 

Timeirrigation 3 68.8771 0.0001 

Time*cultivar 24 30.2572 0.0001 

Timeirrigation*Cult. 24 7.8911 0.0569 

Error(Time) 51 4.3971 

Test for Sphericity: 
Mauchly's Criterion Prob > Chisquare = 0.27 
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Appendix Table 21. Repeated measures analysis of variance for stem weight. 
Moro 1995-1996. 

Source of Variation 

Block
 

Irrigation
 

Cultivar
 

Cultivar *irrigation
 

Error
 

Time
 

Time*Block
 

Time *Irrigation
 

Time *cultivar
 

Timeirrigation*Cult.
 

Error(Time)
 

Test for Sphericity: 

df 

1 

1 

8 

8 

17 

3 

3 

3 

24 

24 

51 

Mean Square G-G (pr>F) 

0.2889 0.028 

8.1939 0.0001 

3.7299 0.0001 

0.3765 0.003 

0.0500 

5.4777 0.0001 

0.1310 

0.5914 0.0001 

0.1885 0.0001 

0.1075 0.0178 

0.0505 

Mauchly's Criterion Prob > Chisquare = 0.27 
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Appendix Table 22. Julian anthesis date, physiological maturity and grain filling 
period for the cultivars grown at the Sherman Branch 
Experimental Station, Moro. 

MORO 

Cultivar Flowering Maturity Grain Filling Period
 
(Julian Days) (Julian Days) 1995-1996
 

1995-1996
 
1994-95 1995-96 no no
 

irrigation irrigation irrigation irrigation
 

Stephens 147 154 _ 198 188 44 34 

Hoff 147 154 197 187 43 33 

Gene 146 153 199 187 46 34 

Fundulea 147 153 193 185 40 32 

TAM101* 147 154 186 180 32 26 

TAM105* 147 154 182 178 28 24 

TAM108 146 153 193 184 40 31 

Sturdy* 144 151 180 177 29 26 

KS89* 148 156 182 180 26 24 

(*). Cultivars were moderately affected by rust .
 

(**). Physiological Maturity dates were not recorded for the period.
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Appendix Table 23. Observed mean squares for kernel weight and yield injury 
Sherman Branch Experimental Station, Moro 1994-1995. 

Source of 
Variation 

df kernel weight 
injury (%)* 

Yield 
injury (%)* 

Block 

Cultivar 

Error 

2 

8 

16 

200.108 

39.4188* 

9.8938 

240.46 

34.7262* 

10.1804 

Mean 

CV(%) 

*Significant at a=0.01 

23.53 

13.36 

25.17 

12.6 
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Appendix Table 24. Observed mean squares for Harvest Index and Kernel 
Weight per Spike . Sherman Branch Experimental Station, 
Moro 1994-1995. 

Source of 
Variation 

df Harvest Index Kernel Weight 
per Spike (g) 

Block 

Irrigation 

Error 1 

Cultivar 

Irrigation*Cultivar 

Error 2 

2 

1 

2 

8 

8 

32 

10.88 

462.29* 

3.85 

96.04* 

2.83 

5.07 

0.026 

1.185* 

0.006 

0.858* 

0.033 

0.042 

Mean 

CV(%) 

*.Significant at a=0.05 

35.44 

6.36 

1.20 

17.11 
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Appendix Table 25. Observed mean squares for kernel weight and yield injury. 
Sherman Branch Experimental Station, Moro 1995-1996. 

Source of df kernel weight* Yield* 
Variation injury (%) injury (%) 

Block 1 0.4195 0.5404 

Cultivar 8 27.9103 30.2025 

Error 8 11.8446 18.3460 

Mean 18.52 18.37 

CV(%) 18.58 22.10 

*Variables were transformed Y = sin-l(SQRT x). 
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Appendix Table 26. Observed mean squares for Harvest Index and Kernel 
Weight per Spike . Sherman Branch Experimental Station, 
Moro 1995-1996. 

Source of 
Variation 

df Harvest Index Kernel Weight 
per Spike (g) 

Block 

Irrigation 

Error 1 

Cultivar 

Irrigation*Cultivar 

Error 2 

1 

1 

1 

8 

8 

16 

0.4444 

53.7778* 

7.1111 

132.1736* 

1.3403 

5.0903 

0.0144 

0.4715* 

0.0021 

0.7828* 

0.0188 

0.01703 

Mean 

CV(%) 

*Significant at a = 0.01 

33.55 

6.72 

1.14 

11.42 




