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der conditions that are nonlimiting. One 
method is to identify the highest yields 
attained by crops. Table 1 shows the 

Plant Productivity and Environment 
J. S. Boyer 

Most plants grow in environments that sons but also by the productivity of a 
are, to a considerable degree, unfavor- unit of land. Also, reproductive success 
able for plant growth. In consequence, bears little relation to the composition of 
they have developed numerous sophisti- the succeeding plant community. Thus 
cated adaptations, some of which are the forces of evolution are coupled dif- 
unique in the biological world. Roots and ferently to productivity in agriculture 
stems gather and distribute sparse water than to productivity in nature, and this 

Summary. An analysis of major U.S. crops shows that there is a large genetic 
potential for yield that is unrealized because of the need for better adaptation of the 
plants to the environments in which they are grown. Evidence from native populations 
suggests that high productivity can occur in these environments and that opportuni- 
ties for improving production in unfavorable environments are substantial. Genotypic 
selection for adaptation to such environments has already played an important role in 
agriculture, but the fundamental mechanisms are poorly understood. Recent scientific 
advances make exploration of these mechanisms more feasible and could result in 
large gains in productivity. 

and nutrients, surface tissues and stoma- 
ta conserve water, and leaves intercept 
solar radiation. Because these features 
make plants nonmobile and because re- 
production in most plants depends on 
genetic recombination, evolution has se- 
lected for floral structures that take ad- 
vantage of agents that move in the envi- 
ronment: wind, water, and animals. 

Plants growing under natural condi- 
tions have as the ultimate criterion for 
productivity the ability to reproduce. If 
reproduction is unsuccessful, all other 
criteria of productivity become meaning- 
less because the individuals disappear 
from subsequent populations. In agricul- 
ture the criteria are similar, since repro- 
ductive structures are often the economi- 
cally valuable parts of the plant. Howev- 
er, in agriculture reproductive success is 
gauged not only by the ability to leave 
descendants in subsequent growing sea- 

has provided opportunities to use man- 
made selection pressures to change 
plants to types successful in agriculture. 
The techniques involve plant breeding 
and cultural practices that favor high 
economic yields. Although the specific 
techniques are numerous, there appear 
to be certain ones that have not been 
widely used but which have much prom- 
ise for further increasing productivity. 
These techniques are the subject of this 
article. 

Impact of Environment 

Plants growing in natural environ- 
ments are often prevented from express- 
ing their full genetic potential for repro- 
duction and are considered "stressed." 
The best way of assessing this potential 
is by determining plant productivity un- 

average yields and record yields of eight 
major crops as of 1975 (1). Record yields 
were three to seven times greater than 
the average yields. Corn, for example, 
yielded 4600 kilograms per hectare on 
average but had a record yield of 19,300 
kilograms per hectare (Table 1). For all 
the crops with economically valuable 
reproductive structures (corn, wheat, 
soybeans, sorghum, oats, and barley), 
the discrepancy between average and 
record yields is at least as large as for 
corn. For the crops having marketable 
vegetative structures (potatoes and sugar 
beets), the discrepancy is smaller than 
for the other crops because the complex- 
ities of reproductive development are 
not involved. Nonetheless, record yields 
were still three times larger than average 
vields. 

Two conclusions can be drawn from 
these data. First, the genetic potential 
for very high productivity is present in 
the crops of today. Second, productivity 
usually falls far short of the potential. 
Hence, improvements in plant produc- 
tivity need not rest solely on increases in 
genetic potential but should also empha- 
size ways of bringing productivity closer 
to the existing genetic potential. Large 
increases in productivity should be pos- 
sible with this approach. 

Why is higher productivity not real- 
ized? Disease and insect losses, while 
often devastating to individual farmers, 
depress U.S. yields below the genetic 
potential by only 4.1 and 2.6 percent, 
respectively (Table 1) (2). The remainder 
must be attributed to unfavorable physi- 
cochemical environments caused by 
weedy competitors, inappropriate soils, 
and unfavorable climates. As shown in 
Table 1, unfavorable physicochemical 
environments depress yields 7 1.1 per- 
cent, of which 2.6 percent is attributable 
to weeds (2). Some of these losses can be 
attributed to inherently unfavorable en- 
vironments and some to lack of use of 
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Table I. Record yields, average yields, and yield losses due to diseases, insects, and 
unfavorable physicochemical environments for major U.S. crops (1, 2). Values are kilograms 
per hectare. 

Crop 

Corn 
Wheat 
Soybeans 
Sorghum 
Oats 
Barley 
Potatoes 
Sugar beets 

Mean percent- 
age of rec- 
ord yield 

Record 
yield 

19,300 
14,500 
7,390 

20,100 
10,600 
1 1,400 
94,100 

121,000 

Average 
yield 

-- 

Average losses 

Unfavorable 
Dis- In- environment* 

eases sects 
Weeds Other 

*Calculated as follows: record yield - (average yield 

known management practices by farm- 
ers, often for economic reasons. 

The kinds of physicochemical environ- 
ments that affect plants adversely can be 
quantified even though they overlap and 
are often sporadic in their impact. A 
classification of U.S. soils (3) indicates 
that those with low water availability 
occupy the largest fraction (44.9 percent) 
of the U.S. land surface (Table 2). Soils 
that are too wet or too cold cover 16.5 
and 15.7 percent of the United States, 
respectively. Finally, saline soil, alkaline 
soil, and soilless areas account for 7.4 
percent. Only 12.1 percent of the land 
surface is free from physicochemical 
problems, and this area, when supplied 
with plant nutrients to replace those re- 
moved when crops are harvested, is our 
most productive. Similar data apply to 
the soils of the world (4). 

The effects of unfavorable climates are 
as pervasive as those of unfavorable 
soils. As shown in Table 3, of the total 
indemnification made to U. S. farmers 
for crop losses (5), drought, excessive 
water, and cold account for 71 percent. 

Possible Technological Solutions 

The major physicochemical resources 
of plants are water, soil nutrients, carbon 
dioxide, oxygen, and radiation. Water is 
the most limiting resource (Tables 2 and 
3), so irrigation has been an important 
contributor to increased yields. About 83 
percent of the water that is consumed 
(that is, not recycled) is devoted to irri- 
gation (6) ,  and runoff and ground water 
supplies can support about double this 
amount (6). About 5 percent of U.S. 
farmland is irrigated ( 3 ,  and this area is 
growing, particularly in the Southeast (7) 
and in parts of the Great Plains. 

Water that is usable for irrigation must 

+ disease loss + insect loss). 

increasingly be shared with municipal 
and industrial users, who offer larger 
economic returns (estimated at 50 to 1) 
than can be obtained from irrigation (8). 
Furthermore, irrigation brings with it 
problems of salinization. The accumula- 
tion of salts in agricultural soils is a 
problem that has plagued civilization for 
thousands of years. The persistence of 
this problem suggests that there are no 
easy solutions, although recent evidence 
(9) indicates that crops can be adapted to 
more saline conditions than previously 
thought possible. Considering competing 
needs and possible soil degradation, it is 
likely that no more than 10 percent of 
U.S. agricultural land will be irrigated. 
Therefore, irrigation can only be a partial 

20,000 

U.S. record yield ( 1 9 7 5 )  

Genetic improvement o f  

4000 

t 
0- 
1935  1955 1975  

Year  

Fig. 1. Genetic improvement of yield, grain 
yield on the farm, and record yield for corn 
during a 40-year period. Genetic improvement 
of double-cross and single-cross hybrids was 
determined by growing introductions from the 
years indicated in a common field environ- 
ment in Iowa; current planting densities and 
techniques were used (12). Graid yield on the 
farm was determined from records for Cham- 
paign County, Illinois. Increased yield due to 
genetic improvement was 50 and 53 percent of 
yield increase on the farm for single- and 
double-cross hybrids, respectively (12). 

solution to the water resource problem. 
Plant nutrients will probably be more 

available than water in the future. World 
demand for nitrogen, phosphorus, and 
potassium is expected to quadruple dur- 
ing the next 30 to 40 years, and supplies 
are likely to remain adequate, although 
the most accessible sources of phospho- 
rus and potassium may ultimately be 
depleted (10). The greatest problem is 
the energy used in the manufacture of 
ammonia, which is the largest energy 
input to the nonirrigated farm (11). 
Therefore, the cost of nutrients will be a 
major consideration in the future. Simi- 
larly, the cost of pesticides will increase 
as energy costs escalate. 

The conclusions are inescapable: wa- 
ter and nutrient resources are often limit- 
ed, and economic and environmental 
problems are likely to restrain their use. 

Plant Adaptation to 

Existing Environments 

Advances in agricultural production 
have relied on the availability and low 
cost of environmental resources. Energy 
for irrigation has been cheap, and plant 
nutrients have been abundant and inex- 
pensive. This has allowed the use of 
increasingly dense plant populations 
adapted to high production in environ- 
ments richly endowed with resources. 

As an example, consider corn cultiva- 
tion in Champaign County, Illinois. 
When drained, most of the soil in this 
area has no physicochemical limitations 
(Table 2), and irrigation is usually unnec- 
essary. During the past 35 years, corn 
yields have more than tripled (Fig. 1). 
Increases between 1935 and 1955 were 
largely attributable to increased use of 
hybrid corn. From 1950 to the present, 
increased yields have been attributable 
to the increased use of plant nutrients, 
particularly nitrogen (ammonia). To de- 
termine how much of this increase is 
associated with genetic adaptation, old 
and new maize hybrids were planted at 
modern population densities in a fertile 
environment in Iowa (12). Hybrids re- 
leased in recent years performed better 
than older hybrids, indicating that genet- 
ic adaptation has accounted for 50 per- 
cent (single cross) and 53 percent (dou- 
ble cross) of the increased yield on the 
farm (Fig. 1). Thus the adaptation of 
maize hybrids to fertile environments 
has accounted for about half the total 
increase in corn yields experienced by 
farmers (12), the remainder being attrib- 
utable to improved fertilization, pest 
control, and other cultural practices. 

The abundant resource approach to 
plant production has the advantage that 



the environment is reasonably predict- 
able and that genotypes can be adapted 
to it. The approach is often justified as 

mass of the ragweed community was 
similar to that of corn and greater than 

weed seed was equal to the average 
soybean grain yield per hectare in the 
United States in 1975 (Table 1). Ragweed that of soybeans (Fig. 2) even though no 

attempt was made to manage the rag- 
weed community, whereas corn (16) and 
soybeans (17) required intensive man- 
agement. Seed biomass in the ragweed 
was less than in corn or soybeans (Fig. 
2), probably because selection pressures 
have not favored seed production per 
unit of land area under natural condi- 
tions. Even so, the production of rag- 

the only one giving a high economic 
return. However, as the scarcity of agri- 
cultural inputs increases, the cost of 

is unlikely to be used as a food crop, but 
its productivity illustrates that mecha- 
nisms in native vegetation allow high 
production even though inputs are low. growing crops increases and alternatives 

will be sought. Already the cost of fuel, 
nutrients, pesticides, and loans is caus- 

Methods of selecting for these character- 
istics in our crops could have beneficial 
effects on yields as inputs decrease. ing many farmers to reduce inputs. The 

feasibility of their approach is illustrated 
by a recent comparison of farms consum- 

This is not to imply that native plants 
require fewer soil nutrients and other 
resources. There are genetic differences ing large amounts of nutrients and pesti- 

cides with farms consuming smaller 
amounts (13). Both types of farms had 

in the ability of plants to accumulate 
nutrients from a given soil (18). Particu- 
larly large effects are observed with iron, 

Table 2. Area of the United States with soils 
subject to environmental limitations of vari- 
ous types (3). 

similar incomes because somewhat low- 
er yields associated with the lower inputs 
were balanced by lower costs. 

nitrogen, phosphorus, and certain micro- 
nutrients (18). Thus, selection for effi- 
cient nutrient acquisition and avoidance 

Environmental Area of U.S. 
limitation soil affected (%) The costs of agriculture also include 

longer term environmental costs such as 
soil erosion. As immediate costs in- 
crease there is a tendency for longer 

of ion toxicities may be one approach to 
adapting plants to unfavorable environ- 
ments. 

Drought 
Shallowness 
Cold 
Wet 
Alkaline salts 
Saline or no soil 
Other 
None 

- 

term costs to increase, because one 
method of maintaining farm income is to 
abandon expensive conservation prac- 

Is there evidence that such selection 
improves yield? Epstein et al. (9) 
showed that the ability of conventional 
crops to tolerate saline conditions can be tices such as the use of cover crops and 

contour tillage (14). The trend toward 
continuous cropping of corn and other 

improved by imposing appropriate selec- 
tion pressures. Salt-tolerant tomato ge- 
notypes were grown with irrigation wa- row crops has caused severe erosion by 

wind and water in many productive re- 
gions of the United States (14). These 

Table 3. Distribution of insurance indemnities 
for crop losses in the United States from 1939 
to 1978 (5). 

- 

ter having 70 percent of the salinity of 
seawater. Their yields were 20 percent of 
those of control tomatoes grown with losses will inevitably limit yields as the 

area of soil with no physicochemical 
problems shrinks and problem soils be- 

Cause of 
crop loss 

Proportion 
of payments 

(%) 

fresh water. The domestic cultivar died 
under the saline conditions. Also, wheat 
biomass production was significantly in- 
creased by selection of salt-tolerant lines 

come ever more prevalent. 
Responding effectively to mounting 

world food demands, economic pres- 
Drought 
Excess water 
Cold 
Hail 
Wind 
Insect 
Disease 
Flood 
Other 

(9).  It may be surprising that, with the 
impact of salinity on agriculture in past 
civilizations-which lost vast areas of 

sures, and the need for conservation are 
dilemmas for farmers and legislators 
alike. If present cropping practices con- 
tinue in the United States, lower yields 
due to unfavorable soil environments 
will be forced upon us (14). A greater 
emphasis on conservation would render 

production because of improper irriga- 
tion techniques-salinity tolerance is not 
at its maximum in present-day crops. 
However, selection has been sporadic, 
and sufficient genotypic variation still 
exists to provide an opportunity for im- production more sustainable but would 

necessitate alterations in many farming 
methods. The most likely incentive will 20'000 r 0 0  Ragweed 

proved yields under saline conditions. 
Similar success has been achieved 

with iron utilization by plants. Different b o  Soybeans 
A A  Corn *-** be economic; we can therefore expect 

that cost pressures will determine the 
course of agricultural practice. In this 

cultivars within a species differ in their 
ability to utilize iron, which usually is 
present in soils in large amounts. The 
difference is attributable to the abilitv of 

situation, plant types that are productive 
with lower inputs should be readily ac- 
cepted by farmers. 

, Tota l  abovearound 

roots to solubilize iron in the soil and 
maintain it in the appropriate redox state 
in the plant (18). 

An important question is whether 
plants experiencing low inputs can be 
highly productive. By comparing the It appears that considerable success 

can be expected if plant improvement productivity of plants in natural commu- 
nities, where resoures are limited, with 
productivity in agricultural communities, 

v 'seed biomass 

/ includes selection under conditions that 
are often unfavorable for growth. The 
key is to make the selections under the 
adverse conditions likely to be encoun- 

it should be possible to determine wheth- 
er natural selection has provided plants 
with effective ways of dealing with limit- 

0- 
0 0.2~106 0.4~106 

Populat ion densi ty  
tered rather than solely in favorable en- 
vironments, so that genotypes capable of 
exploiting limited resources can be iden- 

ed resources. 
One natural community that allows 

this comparison is a pure stand of giant 
Fig. 2. Aboveground biomass and seed bio- 
mass at various population densities (plants 
per hectare) in a native plant community of 
giant ragweed (Ambrosia trijida) (15) and in 
managed crops of soybeans ( I n  and corn (16). 

tified. With these genotypes, large-scale 
modification of the environment is less 
necessary. 

ragweed (Ambrosia trifida) in Cham- 
paign County (15). The aboveground bio- 



Mechanisms of Plant Adaptation to Stress 

The mechanisms by which plants cope 
with adverse environments, while un- 
doubtedly highly evolved, have only be- 
gun to be understood. There is increas- 
ing awareness that understanding these 
mechanisms might increase the rate at 
which crop species can be improved. In 
addition, such knowledge might suggest 
entirely different ways of increasing pro- 
ductivity in these environments. 

Soybean productivity is lower than 
that of some other crops (Table 1). Fig- 
ure 3 shows that there has been a steady 
increase in the grain yield of this crop in 
Champaign County. In 1935 yields were 
about 1500 kgiha, but by 1975 they had 
reached 3000 kgiha. Measurements of 
the yield of old and new genotypes in a 
common field environment (Fig. 3) 
showed that 47 percent of the improve- 
ment was due to genetic changes (19). 

However, this improvement was also 
associated with changes in the ability of 
the plants to cope with the Champaign 
County environment. The genetic im- 
provement of yield in newer cultivars 
was correlated with an improvement in 
the average afternoon water potential 
observed in these cultivars (19) when 
growing in soil containing adequate wa- 
ter (Fig. 4). Water potentials below a 
threshold of about - 11 bars cause inhibi- 
tion of photosynthesis, transpiration, 
and nitrogen fixation in soybeans (20), 
and the afternoon water potentials of 
- 12 to - 14 bars found in these cultivars 
(Fig. 4) could inhibit these processes or 
other similarly sensitive ones. Figure 5 
shows that the steep response of photo- 
synthesis to water potentials below - 11 
bars in soybeans can translate into a 
large inhibition of activity. It therefore 
appears that the midday water deficit is a 
physiological attribute that has been al- 
tered by plant breeders in the pursuit of 
higher yields. This alteration gave the 
plants a more favorable water status 
under the atmospheric evaporative con- 
ditions prevailing in Champaign County. 
It seems that, if plant breeders had 
known that water deficits were prevalent 
in the cultivars of the day and had bred 
selectively against this factor, genetic 
progress might have been more rapid 
than is indicated in Fig. 4. 

That this kind of information can ma- 
terially increase the effectiveness of 
breeding programs was illustrated in 
1972. My laboratory (21) and an Austra- 
lian group (22) showed that plants can 
compensate osmotically for the onset of 
dryness in soils, and the growth-main- 
taining effect of this behavior was also 
demonstrated (21). Morgan (23) subse- 

quently found that the capability for os- 
motic adjustment differs between wheat 
genotypes, and, in collaboration with 
Ray Hare, showed that a cultivar select- 
ed for this character outyielded conven- 
tionally grown cultivars by 100 percent 
under dry conditions (24). Conditions of 
adequate soil water gave yields compara- 
ble to those of the conventional high- 
yield genotypes, so the adaptation was 
only called into play under adverse con- 
ditions. 

This type of selection could not have 
been made before 1972 because then it 

U.S. r e c o r d  y ie ld  (1975) 

8000 o 

Genet ic  improvement  of 

C .- 

(3 2000 

0 1 ' ' 1 ' ' ' 3 '  
1935 1955 1975 

Year  

Fig. 3.  Genetic improvement of yield, grain 
yield on the farm, and record yield for soy- 
beans during a 40-year period. Genetic im- 
provement was determined by growing culti- 
vars released during the years indicated in a 
common field environment in Champaign 
County; current planting densities and tech- 
niques were used (19). Grain yield on the farm 
was determined from records for Champaign 
County. Increased yield due to genetic im- 
provement was 47 percent of the yield in- 
crease on the farm. 

Year of  cultivar release 

Fig. 4. Grain yield and afternoon water poten- 
tial of soybean cultivars released during a 40- 
year period (19). Grain yield is the average for 
3 years in a common field environment. Leaf 
water potentials were measured in the same 
plots and are averaged for the same 3 years. 
During these years, rainfall was sufficient to 
support high yields. The low water potentials 
of old cultivars were caused by poor ability of 
the plants to extract water from the soil. 
Water potentials that are more negative repre- 
sent leaves that are more water-deficient. 

was not known that osmotic adjustment 
occurs in plants growing in dry soil. In 
this situation, the new knowledge had a 
rapid impact on productivity. 

Others have also observed a correla- 
tion between some aspect of productivi- 
ty and specific biochemical or physiolog- 
ical phenomena. Pearcy et al .  (25) and 
Bjorkman and Badger (26) demonstrated 
that plants in Death Valley, California, 
lose photosynthetic activity in hot 
weather because the heat has deleterious 
effects on chloroplasts. The inhibition is 
localized in photosystem I1 and appears 
to involve an alteration in the lipid mem- 
branes of the chloroplasts. Some of these 
species are capable of acclimating to 
heat; recent evidence (26) suggests that 
the acclimation can occur in a matter of 
days. In an extreme environment such as 
Death Valley, plant success is likely to 
be tied closely to photosynthetic output. 
This suggests a means for adapting 
plants to hot conditions. 

It has also been found that some of the 
effects of water deficits can be attributed 
to alterations in chloroplast activities, 
particularly photophosphorylation and 
photosystem I1 (27). Water potentials 
low enough to cause an inhibition of 
photosynthesis in intact leaves cause al- 
terations in chloroplast activity that are 
equally severe. In addition, the stomata 
begin to close. The losses in photosyn- 
thate cause losses in grain yield (28). 
However, there is evidence that photo- 
synthetic behavior can be altered by 
prior exposure of the plant to low leaf 
water potentials (29). The plant responds 
in such a way that the photosynthetic 
inhibition is delayed during the onset of 
drought. 

Others have shown that mycorrhizae 
protect plants against phosphorus stress 
in soils low in phosphorus (30) and that 
plant susceptibility to chill injury is often 
associated with the fatty acid composi- 
tion of phospholipids in cell membranes 
(31). 

Future Research 

Taken together, these findings suggest 
that, with sufficient understanding of the 
response of plants to the environment, 
considerable improvements in plant pro- 
ductivity are possible. Investigations of 
plant response mechanisms show that 
specific processes are affected and that 
the plant has evolved ways to change 
these processes, leading to adaptation. 
More important, these changes can be 
transmitted genetically. 

However, much additional research is 
needed. Only a few studies have been 
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made in which closely related species or 
lines were compared for their response 
to a given environmental condition. 
Comparative studies could provide much 
more rapid progress in understanding 
metabolic and genetic aspects of the re- 
sponse of plants to adverse environ- 
ments. In addition, more needs to be 
learned about the transfer from one ge- 
notype to another of those characters 
giving advantages in adverse environ- 
ments. Frequently, this transfer has oc- 
curred during selection for yield without 
the investigators being aware of the 
physiological attributes of the plant that 
were responsible for the improvements 
in yield. 

At present, scientific efforts to im- 
prove plant productivity fall into two 
broad categories: (i) selection for superi- 
or yield in fertile environments and (ii) 
basic research emphasizing dramatic al- 
terations in genetic potential for yield by 
modifying physiological processes, hy- 
bridizing different species, and so forth. 
Although these efforts are worthwhile, 
the potential for large gains in plant 
performance in unfavorable environ- 
ments has, by comparison, been neglect- 
ed. Plant breeders and geneticists are 
aware of the contribution of plant adap- 
tation to increased yield but generally 
have been forced to rely on yield criteria 
for selection because of the paucity of 
information showing how environment 
affects yield. 

Despite what has been learned about 
the responses of plants to unfavorable 
environments, relatively little has been 
done to probe the genetic and physiologi- 
cal mechanisms of these responses. 
There have been only sporadic efforts to 
demonstrate that a particular physiologi- 
cal system actually regulates the re- 
sponse to a particular environment. 
Even less has been done to take what 
information we have and apply it to 
agricultural species. Exploitation of the 
available diversity in plants to select and 
breed for desirable traits is a method of 
proven effectiveness. In principle, this 
method could be used to develop envi- 
ronmentally tolerant crops. However, it 
is necessary to know the traits for which 
selection is desirable. 

A literature survey shows that rela- 
tively little research is being done on the 
mechanisms of plant growth in unfavor- 
able environments (Table 4). Journals 
dealing exclusively with plant physiolo- 
gy or agronomy devote only about 4 
percent of their space to articles that 
address these fundamental mechanisms. 

Why has this area of plant science 
been ignored? One possible reason is the 
increasingly urban nature of the U.S. 

29 OCTOBER 1982 

Table 4. Number of articles devoted to fundamental mechanisms of plant growth in unfavorable 
environments in 1977. Journals surveyed were Plant Physiology, Planta, Physiologia Plan- 
tarum, Journal of  Experimental Botany, Australian Journal of Plant Physiology. Crop Science, 
and Agronomy Journal. Numbers in parentheses are percentages. 

Journal type 

Articles devoted to mechanisms of 
plant growth in unfavorable 

Total environments 
articles 

U.S.  Foreign 
laboratories laboratories 

International plant 943 46 (4.9) 43 (4.7) 
physiology journals 

U.S. agronomy journals 490 10 (2.4) 1 (0.2) 
Total 1433 56 (3.9) 44 (3.7) 

population. The comparative isolation of 
urban dwellers from the factors that af- 
fect plant performance causes a tacit 
feeling that those factors are not impor- 
tant. Individuals who become scientists 
often carry this impression with them. 

A second reason is the lack of suitable 
scientific tools until recent years. Ad- 
vances in biochemical techniques, envi- 
ronmental control, and transducer tech- 
nology now permit many measurements 
to be easily made that required great 
effort only a few years ago. 

Finally, there have been few identifi- 
able programs to support scientific re- 
search in this area. Without such sup- 
port, scientists are unable to undertake 
the studies that are necessary and many 
young people are discouraged from en- 
tering the field. 

The usual approach to improving agri- 
cultural productivity has been to im- 
prove the growth environment and select 
for genotypes that are successful in that 
environment. The approach has been a 
good one, and it will continue to be 
central to agriculture. However, we also 
need to develop plants to withstand ad- 

Leaf water po ten t ia l  (bars)  

Fig. 5. Response of leaf photosynthetic activi- 
ty to low leaf water potential in soybeans (20). 
The expected rate of photosynthesis is shown 
for four cultivars (represented in Fig. 4) ac- 
cording to the year of release of each cultivar. 
The range of response (20) is shown by the 
open space between the curves. 

verse conditions. These environments 
are everyday phenomena rather than oc- 
casional events occurring in faraway 
places. The study of mechanisms by 
which adverse environments alter plant 
behavior represents an area of funda- 
mental regulatory biology that is unique 
to plants. 

To improve the response of plants to 
adverse environments, more must be 
learned about desirable traits, the 
amount of genetic variation of these 
traits, and the selection procedures for 
desirable genotypes. The identification 
of desirable traits is essential for the 
successful use of genetic diversity in the 
selection of plant types. In addition, the 
germ plasm already available as a source 
of diversity needs to be augmented by 
the collection of wild relatives. Finally, 
there is a need for controlled-environ- 
ment research combined with field test- 
ing to identify factors that may have 
importance in the field environment. 
Controlled environments permit the be- 
havior of plants to be understood most 
rapidly without the complicating effects 
of environmental variability. 

Conclusions 

Improvements in the adaptation of 
plants to adverse environments can 
make major contributions to agricultural 
production in the United States. Prog- 
ress has already been made by selecting 
plants for improved yield, but faster 
progress will occur if the fundamental 
mechanisms of adaptation are under- 
stood. The lack of extensive knowledge 
of this kind often limits the use of ad- 
vanced genetic techniques and selection 
procedures. 

The adaptation approach would con- 
serve resources because enhanced nutri- 
ent acquisition, drought resistance, ion 
toxicity avoidance, temperature toler- 
ance, and so forth would be achieved 
without large-scale modification of the 
environment. Since agricultural inputs 



are becoming more costly and scarce, 
plants having genetic adaptations for im- 
proved performance in adverse environ- 
ments are likely to be readily accepted. 

In the evolutionary struggle of native 
vegetation, certain traits provide an ad- 
vantage over the competition. When 
these are understood, we will be in a 
position to markedly improve plant types 
and hence to bring about major increases 
in plant productivity. 
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Declaration on 
Prevention of Nuclear War 

On 24 September 1982, this statement was presented to His Holiness, Pope John 
Paul I I ,  by an assembly of presidents of scientij5c academies and other scientists 
from all over the world convened by the PontiJical Academy of Sciences to consider 
the issue of nuclear warfare. 

I. Preamble. Throughout its history, 
humankind has been confronted with 
war, but since 1945 the nature of warfare 
has changed so profoundly that the fu- 
ture of the human race, of generations 
yet unborn, is imperilled. At the same 
time, mutual contacts and means of un- 
derstanding between peoples of the 
world have been increasing. This is why 
the yearning for peace is now stronger 
than ever. Mankind is confronted today 
with a threat unprecedented in history, 
arislng from the masslve and competitive 
accumulation of nuclear weapons. The 
existing arsenals, if employed in a major 
war, could result in the immediate deaths 
of many hundreds of millions of people, 
and of untold millions more later through 
a variety of aftereffects. For  the first 
time, it is possible to  cause damage on 
such a catastrophic scale as to wipe out a 

large part of civilization and to endanger 
its very survival. The large-scale use of 
such weapons could trigger major and 
irreversible ecological and genetic 
changes, whose limits cannot be predict- 
ed.  

Science can offer the world no real 
defense against the consequences of nu- 
clear war. There is no prospect of mak- 
ing defenses sufficiently effective to pro- 
tect cities since even a single penetrating 
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nuclear weapon can cause massive de- 
struction. There is no prospect that the 
mass of the population could be protect- 
ed against a major nuclear attack or  that 
devastation of the cultural, economic, 
and industrial base of society could be 
prevented. The breakdown of social or- 
ganization, and the magnitude of casual- 
ties, will be so large that no medical 
system can be expected to cope with 
more than a minute fraction of the vic- 
tims. 

There are now some 50,000 nuclear 
weapons, some of which have yields a 
thousand times greater than the bomb 
that destroyed Hiroshima The total ex- 
plosive content of these weapons is 
equivalent to a million Hiroshima 
bombs, which corresponds to  a yield of 
some 3 tons of TNT for every person on 
earth. Yet these stockpiles continue to 
grow. Moreover, we face the increasing 
danger that many additional countries 
will acquire nuclear weapons or develop 
the capability of producing them. 

There is today an almost continuous 
range of explosive power from the small- 
est battlefield nuclear weapons to the 
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