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ABSTRACT 

Studies were conducted to test germination and to 

determine morphological and physiological characteristics of 

Canava1ia obtusifo1ia DC., Craty1ia f10ribunda Benth. and 

Dioc1ea 1asiophy11a Mart., which allow them to cope with 

water stress. Germination studies were done using PEG, moist 

paper and three different soils, in a germinator. 

Establishment and early growth studies were conducted in a 

greenhouse, using two different soils. 

In PEG, maximum percentage germination were near 

100% for C. obtusifo1ia and ~. 1asiophy11a and 75% for C. 

f10ribunda. Respectively, the water potentials for maximum 

germination were from 0 to -1 bar, from 0 to -5 bars, and at 

-5 bars. In moist paper, however, ~ f10ribunda had near 

100% germination. In the three soils, the three species had 

near or equal to 100% germination and their radicle grew 

more than in PEG. The rate of germination tended to be 

faster in soil than in PEG. However, it was affected by both 

soil and seed characteristics. So, germination was slower in 

Cane10, a pH 4, clay soil, as well as for the large-seeded C. 

obtusifo1ia, maybe due to the reduction in the soil water 

conductivity at the seed-soil interface. It is suggested 

that leakage of solutes and spoilage of seeds as well as 

rapid wateF uptake at high water potentials, resulted in low 

germination of C. f10ribunda in PEG. 

x 



Plants of C. floribunda and D. lasiophylla did not 

decrease their stomatal conductance or transpiration under 

high water stress, and their leaf water and osmotic 

potentials were sharply reduced. Plants of C. obtusifolia 

partially decreased their stomatal conductance and 

transpiration under stress. All three species were able to 

withstand elevated dehydration and to recover after being 

exposed to leaf water potentials lower than -60 bars. C. 

obtusifolia maintained net CO 2 assimilation at a high 

dehydration level (-46.1 bars). After rewetting, this 

species rapidly recovered its leaf water potential and 

turgor; its photosynthetic capacity, however, was not 

totally recovered after being rewetted for six days. 

xi 



CHAPTER I 

INTRODUCTION 

Livestock production in northeastern (NE) Brazil 

has a cyclic pattern that follows the availability and 

nutritive value of the existing native forage. Forage 

availability is governed mainly by rainfall, and quality is 

determined by the species present and their stage of growth. 

Some valuable forage species, mainly legumes, 

present in NE Brazil can be used to improve both total 

forage availability and quality. The legumes Canavalia 

obtusifolia DC., Cratylia floribunda Benth. and Dioclea 

lasiophylla Mart. appear particularly promising. Their 

utilization, however, is confined to native stands or to 

experimental areas. 

A better knowledge of how environmental factors, 

such as water stress, affect the survival and production of 

C. obtusifolia, ~ floribunda and D. lasiophylla should aid 

in selection of management practices toward the utilization 

of these species. 

As is characteristic of arid and semi-arid regions, 

in NE Brazil the low rainfall problem is aggravated by high 

variability. Duque (1973) concluded that, in dry years, 

rainfall of the most rainy month is 50% of the total 
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occurring in the year, and half of this month's rainfall 

may occur in a single day. The rest of the rainfall is 

distributed among days and months in an unpredictable way. 

The most rainy month can be anyone from January to April, 

and within this period, there often occurs a 20 to 30-day 

period with no rainfall. This rainfall pattern, besides 

being a hazard for the germination and establishment of new 

plants, also restricts annual biomass production. 

The utilization of species that are able to 

germinate and establish under the unpredictable water 

regime, as well as able to cope with drought, would be a big 

step for improving the animal production in NE Brazil. 

Germination and seedling emergence under water stress are 

key factors in the establishment of range plants (Johnson, 

Rumbaugh and Asay 1981). 

Mechanisms which allow plants to avoid, endure 

or resist drought have been described by several authors 

(Parker 1968, Lehane 1981, Turner and Begg 1981, Turner and 

Burch 1983). Classification of plants according to the 

mechanisms they use to cope with water stress has been done 

since the beginning of this century (Kearney and Shantz 

1912, Shantz 1927, Levitt 1972, Parker 1968, Turner and 

Begg 1981). 

The objective of this study was to determine and 

compare germination and establishment characteristics of 
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~ obtusifolia, ~ floribunda and ~ lasiophylla under 

water stress and to identify morphological and physiological 

mechanisms that allow them to cope with water stress. 



CHAPTER 2 

GERMINATION STUDIES 

Rapid germination and radicle elongation are 

important parameters when selecting range species. These 

factors are critical for seedling survival and establishment 

under rangeland natural conditions, where water stress is 

one of the major factors restricting the establishment of 

plants. 

Polyethylene glycol (PEG) solutions have been widely 

used to simulate different intensities of stress in 

germination and growth studies. Such solutions have been 

used to measure the effect of water potential on seed 

hydration, but they miss important aspects of seed-soil 

relationship; additionally, problems of toxicity due to 

absorption of PEG molecules or contaminants in the solution 

have been found. However, despite some doubt concerning the 

aplicability of PEG studies, some good agreement between PEG 

and soil germination results have been reported. 

The objectives of the studies reported in this 

chapter were: 

1. Compare the germination of ~ obtusifolia, C. 

floribunda and ~~ lasiophylla under six different 

intensities of water stress, using PEG. 
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2. Compare the germination of the three legume species 

in three different soils, and 

3. Relate the results obtained in PEG with those in 

soil. 

Beca us e £.:.. f10ri bunda, had poor germina ti on in P.EG, 

an additional study was performed, on moist paper, to check 

the potential of this species for germination and its 

requirement for duration of moist period. 

Literature Review 

In a viable, nondormant seed, water uptake triggers 

germination. Water is required for hydrolysis and 

translocation of substances, hydration of enzymes and cell 

organelles, as well as for cell expansion (Koller and Hadas 

1982). Water uptake by a germinating seed follows a three 

phase pattern. In the initial phase there is a rapid 

imbibition, due to matric forces within cells and in the 

cell walls. A second phase is characterized by a lag period 

in water uptake, when the matric and osmotic potentials of 

the seed are high. This phase, if the seed is alive, is a 

period of important events leading to germination; but, if 

the seed is dead, it is only a period of inertia. The third 

phase begins when the radicle starts protruding. Contrary 

to the first and second phases, the third phase occurs only 

in a living seed and it is characterized by additional water 

uptake. Bewley and Black (1983a) attributed this second 
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water uptake phase to decreased seed water potential due to 

unknown germination related changes and to post-germination 

reserve hydrolyses. 

Water stress can reduce the total germination as 

well as the rate of germination (Spyropoul~s and Lambiris 

1980, Bewley and Black 1983b). Kepczynski (1986) found that 

at -10 bars only the rate of germination of Amaranthus 

caudatus was affected, but at -15 and -20 bars both rate and 

total germination were inhibited. The amount of water 

required for germination may not exceed 2'to 3 times the 

seed dry weight (~ewley and Black 1983a), but for each 

species there is a water potential below which germination 

does not occur. Below this critical water potential, water 

is not available for seed imbibition and swelling, cell 

expansion and division (Hadas and Stibbe 1973, Hegarty 

1978). 

Young, Evans and Kay (1970), studying the 

germination of nine legume species, some of them including 

a number of varieties, generally found no difference in 

germination from 0 to -6 bars of osmotic potential but a 

sharp decrease in germination from -8 to -12 bars. At -16 

bars, many of the seeds imbibed but no germination was 

observed. Similar results were obtained by Somers, Ullrich 

and Ramsay (1983) who observed no significant difference 

in germination of four sunflower cultivars from 0 to -6 



bars, whereas there was a decrease in germination at -16 

bars and no germination at -21 bars. 

7 

Jordan (1983) pointed out that in soil, at a given 

water potential, germination may occur but emergence may be 

slow and reduced, because of the direct and indirect effects 

of soil water affecting seedling growth. Hegarty and Ross 

(1980/81) found, in 14 species of plants, that germination 

was more sensitive to water stress than seedling growth, 

because radicle elongation proceeded at water potentials 6 

to 8 bars lower than that required for germination. However, 

according to Mayer and P~ljakoff-Mayber (1982), despite 

germination being generally considered as more sensitive to 

water stress than germination, cases of seedling growth 

being more sensitive to water stress than germination, have 

also been observed. 

The application of controlled laboratory experiments 

to the field is limited by the factors acting in the natural 

environment which are not evaluated in a controlled 

environment. PEG studies, for example, can measure only the 

direct effect of water potential on germination. Indirect 

effects, associated with soil matric and osmotic potentials 

are not accessed. As pointed out b'y Koller and Hadas (1982), 

in soil conditions, it is expected that a more pronounced 

effect of decreasing water potential occurs than in osmotic 

solution, due to decrease in water conductivity at the seed-
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soil contact. Differences between soil and solution 

germination studies can also be due to the presence of 

salts, due to the activity of microorganisms in the soil, or 

even to physical action of soil particles on the seeds 

(Mayer and Po1jakoff-Mayber 1982). 

Asay and Johnson (1983), when examining different 

techniques used to study plant-water relations, recommend 

that until a better understanding of the plant response to 

stress is obtained, results from seedling establishment 

under field conditions should be more reliable than results 

from laboratory or greenhouse. Some studies, however, have 

shown good agreement between the data obtained in soil and 

in osmotic solution (Hadas 1977, Gergely, Korcak, and Faust 

1980). 

Materials ~ Methods 

Germination in PEG 

The three species, Canava1ia obtusifo1ia, Craty1ia 

f10ribunda. and Dioc1ea 1asiophy11a were germinated in 

polyethylene glycol (PEG), approximate molecular weight 

8,000 as an osmoticum to achieve the water potentials of 0, 

-1, -5, -10, -15 and -20 bars. 

The seeds were scarified according to guidelines 

developed by Nascimento (1982) as follows: seeds of C. 

obtusifo1ia were scarified in hot water (80 C) for 1 

min.; seeds of C. f10ribunda and D. 1asiophy11a were 
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scarified by immersion in concentrated sulfuric acid for 5 

and 20 min., respectively. 

According to recommendations of Berkat and Briske 

(1982), the PEG solutions were placed in a vapor sealed 

plastic freezer container and mixed with vermiculite. On the 

top of the vermiculite there was a 5 mm thick polyurethane 

foam sheet and a sheet of blotter paper, on which the seeds 

were placed. Each container, 21 cm x 21 cm x 6.5 cm in 

size, received 1.5 liter of vermiculite and one liter of PEG 

solution. 

Each container had 20 seeds of each one of the three 

species and made up one replication. Three replications were 

made for each water potential. All 18 containers were placed 

randomly in the germinator with temperature controlled to 

28-30 c. 

The actual water potentials of the osmotic 

solutions as measured with Merrill 75-13 psychrometers (J.R. 

D. Merril, Logan, Utah) and a Wescor MJ-55 meter, are 

shown in Table 1. The measurements at the beginning of the 

study were done with paper discs saturated with the 

solution, and at the end of the experiment discs were 

punched from the blotter paper being used as substrate. 

Daily for seven days, the seeds were weighed, and 

number of germinated seeds and radicle elongation 

were recorded. A seed was considered germinated when some 
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Table 1. Desired and observed water potentials (bars) 
of PEG 8,000 solutions at the beginning and 
at the end of the experiment. 

Observed ' 
Desired At the beginning At the end 

- 1 -1.2 -2.3 
- 5 -3.5 -5.9 
-10 -9.5 -14.1 
-15 -14.8 -18.9 
-20 -21. 5 -19.9 

1 Measurements were made in a paper disk imbibed 
with the solution (at the beginning) and in a disk 
punched from the blotter paper used as substrate 
(at the end of the experiment). 
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radicle protusion was evident through the seed coat 

(Schonbeck and Egley 1980, Hegarty and Ross 1980/81, Koller 

and Hadas 1982, Mayer and Poljakoff-Mayber 1982). The seeds 

at -10, -15 and -20 bars were kept under observation for 

another week. After that, the seeds at -15 and -20 bars, 

were rinsed in distilled water, dried with a paper towel and 

placed on moist paper for one more week. 

Germination of C. floribunda on Moist Paper 

The main objective of this experiment was to check 

the potential germination of ~ floribunda on moist paper 

versus the low germination obtained in PEG. Additionally, it 

was designed to determine duration of the moist period 

necessary for maximum germination and the maintenance of 

seed viability after imbibition and dehydration. The 

experiment was conducted in a germinator with temperature 

controlled to 28 C. Five replications per treatment were 

arranged in a completely randomized design. Each replication 

was made up of a Petri dish with two Whatman #3 filter 

papers (9 cm diameter) and 15 seeds. 

The seeds were scarified with concentrated sulfuric 

acid, for five minutes, rinsed in running tap water and 

immersed in a solution of Benomyl (Methy 1-(butilcarbamoyl)-

2-benzimidazdecarbamate) for ten seconds. Seven treatments 

were attained by moving the seeds from the moist to a dry 

paper, according to the following sequences: 
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day on the moist paper + 6 days on the dry paper ( 1W+6D) 

2 days on the moist paper + 5 days on the dry paper (2W+5D) 

3 days on the moist paper + 4 days on the dry paper ( 3W+4D) 

4 days on the moist paper + 3 days on the dry papar (4W+3D) 

5 days on the moist paper + 2 days on the dry paper (5W+2D) 

6 days on the moist paper + 1 day on the dry paper (6W+1D) 

7 days on the moist paper (7W) • 

Dos a ge of 2 ml of distilled water was added 

Petri dish at 0, 24, 48, 96 and 144 hours. 

At 24-hour intervals, the water potential of the 

filter paper was determined using Merrill 75-13 

psychrometers and a Wescor MJ-55 meter. The seeds in the 

1W+6D, 2W+5D, and 3W+4D treatments, at the end of 7 days 

were put back on moist paper for one more week. 

During the first 72 hours, the seeds were weighed 

twice each 24 hours, thereafter at 24-hour intervals. The 

germinated seeds (visible radicle) and radicle length 

were recorded daily. 

Germination in Three Types of Soil 

per 

This study was conducted in a germinator at 28 C for 

seven days. The seeds were scarified in the same way as in 

the PEG study. The soils were put in trays and wetted to 

near field capacity. The trays were covered with plastic 

wrap to decrease moisture loss. Samples of soil were taken 
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at the beginning and at the end of the study for gravimetric 

determination of the moisture content. 

Th~ soils used in this study differed in both 

chemical and physical characteristics. They were: 

Cane10 - soil collected in the Cane10 Hills, 22 

miles south of Sonoita, along Road 83. This soil is a 

clayey-skeletal, mixed, mesic Aquic Hap1usta1f, has pH 4 and 

electric conductivity (EC) 0.08 mmhos/cm, at 25 C. 

Hayhook - soil collected at Santa Rita Experimental 

Range, in the International Biological Program Area. This 

soil is classified as a coarse-loamy, mixed, thermic Ty.pic 

Torriorthent, has a pH 6.5 and EC 0.30 mmhos/cm at 25 C. 

Brazito - soil collected from the University of 

Arizona Campbell Avenue Farm. This soil is a sandy-loam, 

mixed, thermic, Typic Torriorthent, has a pH 7.5 and EC 1.65 

mmhos/cm at 25 C. 

Moisture retension curves for the three soils, as 

determined by psychrometer, model Decagon, are shown in 

Figure 1. Soil chemical data, as analyzed by the Soil Water 

and Engineering Departament Laboratory, University of 

Arizona, are shown in Table 2. 

There were three trays of each type of soil, each 

one containing 25 seeds of each species. The germination of 

seeds was recorded daily, considering a germinated seed in 

the same way as in the PEG study. To observe germination, 
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Table 2. 

Soil 

Hayhook 

Brazito 

Canelo 

Chemical analyses for Hayhook, Brazito and Canelo soils 

Soluble 
pH ECe salts Na K ESP N P 

mmhos/cm ppm meq/L meq/L ppm ppm 

6.5 .30 140 .44 .15 .00 1.6 3.31 

7.5 1. 65 882 1. 40 3.38 .00 22.8 33.83 

4.0 .08 98 .95 .12 2.11 2.6 2.63 

...... 
VI 



1 6 

the seeds were dug up, observed and recovered with soil. At 

the end of seven days the radicle size was measured. 

Results and Discussion 

Germination in PEG 

At the end of 168 hours (7 days ), ~ 

obtusifolia had similar germination (near 100%) at 0 and -1 

bar, whereas D. lasiophylla germinated near 100% at 0, -1, 

and -5 bars ( Figure 2). The highest germination of ~ 

floribunda was 70%, at -5 bars. 

Many authors refer to -6 bars as the point where or 

beyond germination is decreased by low water potentials 

(Young, Evans and Kay 1970, Wright, Blaser and Woodruff 

1978, Somers, Ullrich and Ramsay 1983), and around -15 bars 

only poor germination or none is observed (Hegarty and Ross 

1980/81, Somers, Ullrich and Ramsay 1983). These results 

are in good agreement with those obtained for C. obtusifolia 

and D. lasiophylla. 

By the end of 7 days in PEG, (Figure 2) none of the 

species germinated at -20 bars. Only D. lasiophylla 

germinated at -15 bars. This was, however, after 120 hours 

(Figure 3c) and the germination was only 10%. The seed 

weights of ~ lasiophylla (Figure 4c) at -15 and -20 bars 

were similar for the whole period in PEG, indicating that 

imbibition was alike for both PEG concentrations. So, at 

those PEG concentrations, at least, germination was not a 

response to imbibition alone. 



F i gu r e 2. Fin a 1 gel' min a t ion 0 f C. 0 btu s i f 0 1 i a, C. 
floribunda and 1h lasiophyii-a- in-PEa-a-;-OOo .--

Curves a, band c refer to ~ obtusifolia, ~ 
floribunda and 1h lasiophylla, respectively. 
Seeds were exposed to PEG 8,000 solutions of 
different water potentials. Germination data 
express mean percent at the end of 7 days. 
Vertical bars represent values for standard 
deviation (s), with 3 replications. 
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Figure 2. Final germination of ~. obtusifolia, c. floribunda and 

D. lasiophylla in PEG 8,000. 
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Figure 3. Germination rate of C. obtusifolia, C. 
floribunda and ~ laS10phylla in PEG-S,OOO. 

Curves a, band c refer to ~ obtusifolia, ~ 
floribunda and ~ lasiophylla, respectively. 
Seeds were exposed to PEG solutions of different 
water potentials. Indicated time of collection 
of data is referenced to the initial exposure of 
the seeds to solution, as starting time. 
Standard error of the mean (s-) was 3.0, 6.3 and 
2.7 for ~ obtusifolia, ~ fl~ribunda and ~ 
lasiophylla, respectively. 
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Figure 4. Seed weight of C. obtusifolia, C. floribunda and 
~ lasio2hylla in PEG 8,000. 

Data refer to the mean increase in seed weight 
after inbibition, considering the initial seed 
weight as 1. The mean weights of 100 seeds, 
before inbibition, were 80.2, 26.4 and 13.7 g 
for ~ obtusifolia, ~ floribunda and ~ 
lasiophylla, respectively. More details in 
Figure 3. For C. obtusifolia, C. floribunda and 
~ lasiophylla,--sx was 1.2, O.~and 0.2, 
respectively. 
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Seedlings of ~ obtusifolia had rapid radicle 

elongation (Figure 5), which is not unusual for big seeds 

which are rich in food reserves. For ~ floribunda, no 

significant effect of water potential was observed upon 

radicle length (Figure 5), which was near 1 cm for all the 

trea t'ments in which germination was observed. 

20 

Because water stress slows germination, additional 

germination occurred when seeds of C. obtusifolia and D. 

lasiophylla, at -10 bars, were left in solution from day 7 

to day 14 (Table 3). However, at -15 and -20 bars, even 

after this additional period, no significant increase in 

seed weight was observed. Consequently, germination was also 

not increased. 

When seeds of ~ obtusifolia, after 14 days at -15 

and -20 bars in PEG, were washed and put on moist filter 

paper, their water uptake (measured by weight) was similar 

to that verified at the PEG concentration where germination 

was maximum. Their germination, however, was only around 50% 

(Table 3). This low germination may indicate damage caused 

by a long period in a sub-optimun hydration level or may 

also indicate damage caused by the high PEG concentration. 

Some negative effects of PEG upon plants are cited 

as presence of metallic and organic ions, contamination with 

phosphorus and even with lower molecular weight PEG 



Figure 5. Final radicle length of C. obtusifolia, C. 
floribunda and ~ lasioPhYlla in PEG 8,000. 

Curves a, band c are for ~ obtusifolia, ~ 
lasiophylla and ~ floribunda, respectively. 
Vertical bars represent values for standard 
deviation (s), with 3 replications. Radicle 
length means include germinated seeds, only. 
Measurements were taken at the end of 7 days of 
seed exposure to PEG solutions. More details in 
Figure 2. 
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Table 3. Seed weight, germination, and radicle length of C. flori
bunda and D. lasiophylla in PEG 8,000 and on moist paper. 

SEED WEIGHT ( g) 

bars .!l., Qbtu1.lHQUs
2 

~ la1.lioohI11a 
7 days 14 days 21 days 7 days 14 da ys 21 days 

0 50.2 8. 1 
0 lmn 

-1 42.4 7.8 
n jklm 

-5 34.1 6.9 
f'gh f' gh 

-10 27.9 32.0 5.8 6.5 
abe daf' bed af' 

-15 28.5 30.2 42.7 5.4 5.6 8.3 
be cd n ab abc mn 

-20 25.1 27.0 42.1 5.4 5.6 9.1 
a ab mn ab abc 0 

GERMINATION (~) 

bars C. obtusif'olia .!k las iOI:!!J III a 
7days 14 days 21 days 7 days 14 da ys 21 days 

0 100 92 
q ijk 

-1 95 93 
pq jk 

-5 80 98 
nop k 

-10 13 60 63 87 
abe jkl da . hijk 

-15 0 3 47 10 18 97 
a a hij ab b jk 

-20 0 0 50 0 3 98 
a a hijk a a l( 

RADICLE LENGTH (em) 
bars .Q...Qb!<usiCQUSl .Q.. las i 0 I:! h :£11 a 

7 days 14 da ys 21 days 7 days 14 days 21 days 
0 7.6 2.8 

f' a 
-1 6. 1 2.6 

a a 
-5 5.0 2.2 

d d 
-10 2.4 1.2 1.2 .6 

e b e b 
-15 0 .2 8.5 .3 .2 3.7 

a ab f' a a r 
-20 0 0 12.0 0 0 3.9 

a a g a a f 

ISeeds in PEG for 14 days were rinsed, dried with blotter paper and 
put to germinate in moist paper for one week. 
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2Within a species, means followed by the same letter, are not statis
tically different by the Least Significant Difference Test (LSD, P>.05) 
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molecules possibly of being absorbed (Lagerwerff, Ogata and 

Eagle 1961, Greenway, Hiller and Flowers 1968, Tingley and 

and Stockwell 1977, Reid, Bowen and McLeod 1978, Plaut and 

Federman 1985). Although these studies used plants growing 

in PEG solutions, their findings could also be expected to 

be confirmed for seeds. 

For ~ lasiophylla, seed weight, germination and 

radicle elongation, after being washed from PEG and put on 

moist paper, were equal or even greater than those verified 

at 0 and -1 bar water potential PEG solutions (Table 3). 

Contrary to what happened to ~ obtusifolia, no negative 

effect of a prolonged imbibition or PEG damage was found for 

seeds of D. lasiophylla. In contrast, even a positive effect 

could have occurred. As discussed by Bewley and Black 

(1983a), some concentrations of PEG keep the seeds at 

partial hydration, so that when the seeds takeup additional 

water, they can rapidly show radicle elongation. 

Contrary to what occurred to the seeds of C. 

obtusifolia and ~ lasiophylla, the results obtained for 

seeds of ~ floribunda, were unusual. This species had only 

25% germination at 0 and -1 bar, but 70% and 45% 

germination (Figure 2) were observed at -5 and -10 bars, 

respectively. This may be an expression of ecological 

adaptation, since the species is more characteristic of 

drier areas than the other two. 
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However, we can also think that the rapid water 

uptake by the seeds of ~ floribunda (measured by their 

increase in weight as compared to the others two species, 

Figure 4), especially at 0 and -1 bar, may have been a 

hazard for their germination. A considerable swelling and 

leaking of solute through the seed coat was observed and the 

seeds looked spoiled. According to Bewley and Black (1983a), 

a rapid water uptake can be a hazard by causing membrane 

damage and solute leakage, adversely affecting germination 

and growth. A rapid uptake of water is also reported to 

cause damage to the embryo (Powell and Matthews 1978). 

Rapidly imbibing soybean seeds showed death of cotyledon 

cells, high solute leakage, and decreased germination and 

growth (Powell, Oliveira, and Matthews 1986). 

At the high PEG concentrations, especially at -15 

and -20 bars, rapid imbibition was not observed. But still a 

high solute leakage occurred, and the seeds were all 

spoiled at the end of 7 days. Hahn-Hagerdal et al. (1986) 

found PEG to cause protoplast membrane damage, thus, 

resulting in high leakage of aminoacids, proteins and DNA. 

As suggested by Plaut and Federman (1985), a compatibility 

between species and PEG may be required. There appears to be 

a poor compatibility between ~ floribunda and PEG • 

. Because the non-germinated seeds of ~ floribunda were all 

spoiled by the end of, or even before, the 7-day period in 



PEG, they were not included in the additional observation 

periods of 14 and 21 days. 

Germination of C. floribunda on Moist Paper 

With only 1 or 2 days wet, the seeds did not 

germinate (Figure 6a) even though their weight had been 

considerably increased (Figure 6c). After 64 hrs wet, the 

seed weight was near maximum but seed germination was 

maximum only after 120 hours (5 days) wet (Figure 6a). 

25 

The lag time between seed reaching maximum weight 

and maximum germination indicates that water uptake had 

ceased and internal processes toward seed germination were 

taking place. However, the three phase pattern of water 

uptake could not be identified here using seed weight. This 

may be because individual -seeds were at different phases at 

a given time. Also, as discussed by Bewley and Black 

(1983a), in some seeds, especially in large seeds, the 

three phase pattern is not shown because different parts of 

the seeds will pass through each one of the the phases of 

water uptake at different rates. 

In this experiment, maximum germination after 7 days 

(97%) was considerably greater than that in PEG (70%). 

The water potential in the blotter paper was mostly kept 

from -4 to -7 bars, thus, including the water potential of 

maximun germination in PEG (-5 bars). 



Figure 6. Percentage seed germination, seed weight and 
radicle length of ~ floribunda on moist paper. 

Seeds were exposed to wet/dry sequences and 
the data were taken during 7 days. In the 
treatments designation, the numbers refer to the 
number of days the seeds were on wet (W) and dry 
(D) germination media (filter paper). Seed 
weight refers to the increase in seed weight 
during inbibition, the initial weight (26.5 
g/100 seeds) being considered as t. The radicle 
length means include germinated seeds, only. For 
germination, radicle length and seed weight, Sx 
was 5.38, 0.05 and 0.04, respectively. 
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In the cases of high water uptake, in PEG (Figure 4) 

there was an accumulation of liquid between the seed coat 

and the cotyledons, maybe impairing oxygen flow. Under 

anaerobic conditions there occurs a shift in the respiration 

metabolism toward fermentation, resulting in accumulation of 

acethaldehyde and ethanol. The seeds of C. floribunda were 

found to be particularly sensitive to anaerobic conditions, 

producing a high amount of ethanol when incubated in the 

absence of oxygen (data not shown here). 

A sustained moisture supply was required for 

germination and radicle elongation. After transfer to the 

dry blotter paper, no statistically significant increase in 

germination was observed, and the radicle tips shrunk and 

dried out, resulting in decreased radicle length when the 

germinated seedlings were put on the dry paper (Figure 6b). 

The "priming" of seeds is considered to increase 

seed germination and seedling establishment, since the seeds 

are kept in a stage of hydration from where they can restart 

germination when the conditions are again favorable (Koller 

and Hadas 1982). Sometimes, however, depending on how 

advanced the seeds are in the germination process as well 

as on the duration of the dry period, the seeds may not 

restart germination upon restart of the wet period. Seeds in 

the 1W+6D, 2W+5D, and 3W+4D treatments, after the dry 

period, were put again on moist paper. Then, they were able 

to germinate at near 100% (Table 4), and their radicle size 



Table 4. Germination and radicle length of C. floribunda 
on moist paper. 
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Treatments 1 Germinat~on (%) 
1st. week 2nd. week 3 

Radicle length (cm)4 
1st. week 2nd. week 

1W+6D 0 a 5 88 d o a 1. 37 
2W+5D 0 a 89 d 0 a 1. 28 
3W+4D 27 b 95 de .35 b 1. 58 
4W+3D 71 c .58 c 
5W+2D 97 de .84 de 
6W+1D 89 d .95 ef 
7W 91 d 1. 24 gh 

1 1 , 2, 3 •••• 7 are number of days on moist (W) and dry 
(D) filter paper. 

2 During the first week the seeds were moved from 
moist (W) to dry ( D) blotter paper. 

3 During the second week seeds were put back on moist 
paper. 

4 Radicle length means are based on germinated 
seeds only. 

5 Germination and radicle length means, followed by the 
same letter, are not different (LSD P<.05) 

i 
hi 
j 



was even bigger than any of the other treatments, showing 

beneficial effect of "priming." 
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This experiment also showed that it is possible to 

obtain high percentage germination for ~ f10ribunda, 

contrary to the result of the PEG study. In addition, it was 

also clear that despite requiring low water potential for 

maximum germination, this species also needs a relatively 

long period of water supply (5 days at least) for maximum 

germination. 

Germination in Three Types of Soil 

The moisture content of the three soils, at the 

beginning of the experiment were approximately -2, -1 and 

-2/3 bars for Brazito, Hayhook and Cane10, respectively. 

One week later, at the end of the trial, the soil moisture 

had dropped to -2.8, -1, and -1.7 bars for the same soils. 

In the micro environment around C. obtusifo1ia seeds, the 

soil was visibly drier, and the tensions were -3.5, -1.8, 

and -2 bars for the three soils in the same order as listed 

above. 

The water potential in the vicinity of the seeds 

will determine their imbibition (Mayer and Po1jakoff-Mayber 

1982, Hadas and Russo 1974). In fact, seeds of C. 

obtusifo1ia were slower to germinate than the other two 

species in the three type of soils (Figure 7). The high 

moisture requirement for the germination of this species in 



Figure 7. Percentage germination of the three species in 
three soils. 

Seeds of C. obtusifolia (a) C. floribunda (b) 
and ~ laS10phylla (c) were dug up daily from 
the soils, checked for germination and placed 
back into the soils. This was done daily, from 
24 to 144 hours of test. The soils were in 
trays, covered with plastic wrap, in a 
germinator at 28 C. The water potentials in the 
three soils were -2, -1 and -2/3 bars at the 
beginning and -2.8, -1 and -1.7 bars at the end 
of the test for Brazito, Hayhook and Canelo, 
respectively. Surrounding the seeds of C. 
obtusifolia, the biggest seed among the~hree, 
the water potentials were lower (-3.5, -1.8 and 
-2 bars, at the end of the test, for the soils 
in the same order as above). Canelo is a clayey
skeletal soil, pH 4, Hayhook is a coarse-loamy, 
pH 6.5, and Brazito is a sandy-loam, pH 7.5. 
More details on soil are on Table 2. Standard 
error of the mean was 5.2. 
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combination with restricted movement of soil water to the 

seeds, may have been the cause for this delay in 

germination. 
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The germination of the three species, and especially 

of C. flori bunda. and .Q..:.. lasioph ylla, was int tiall y slow in 

Canelo soil. Since the soil moisture was not limiting, the 

reason for slow germination may be related to soil pH effect 

on imbibition (Mayer and Poljakoff-Mayber 1982). However, by 

the end of the experiment, the three species had near 100% 

germination in all soils (Figure 7). 

Rapid formation of deep roots has long been 

considered as a factor for successful seedling establisment 

(Johnson, Rumbaugh and Asay 1981). Regardless of the type 

of soil, results from introduction gardens in NE Brazil have 

generally shown better establishment for ~ obtusifolia 

than for the other two species, despite the relatively high 

germination observed for all the species. The reason for 

this better establishment may be the rapid radicle 

elongation of ~ obtusifolia. In the three soils, ~ 

obtusifolia had longer radicle length than the other two 

species, and longer radicle growth was observed, for this 

species, in Canelo and Hayhook than in Brazito soil (Figure 

8). This additional growth of roots, by ~ obtusifolia, in 

Canelo and Hayhook soils, may be related to the higher 

available moisture of these two soils in relation to 

Brazito. 
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Radicle growth of C. f10ribunda was favored in the 

Brazito soil. Sandy soils with high pH , such as Brazito,. 

are characteristic of the natural habitat of C. f10ribunda. 

Radicle growth of ~ 1asiophy11a, was not 

significantly different among the. soils. 

Comparison of the Results Obtained in the PEG and in the 

Three Soils 

The final germination of ~ obtusifo1ia and D. 

1asiophy11a in soil was similar to that obtained in PEG at 

aproximate1y the same water tensions. Germination of C. 

f10ribunda, however, was around 100% in all three soils, 

whereas in ~EG its highest germination was 70%, at -5 bars. 

In PEG, both rate of germination and final 

germination were related to the water potentials. If we 

compare the rate of germination in PEG (Figure 3) at those 

water potentials in which germination was maximum with the 

rate of germination in soil, f~ f10ribunda and D. 

1asiopby11a generally had faster germination in soil (Figure 

7). This is not true only for Cane10 soil, at 24 hours of 

test. As already discussed above, germination was initially 

slow in Cane10 soil. Kaufmann and Ross (1970), comparing 

germination in soil versus PEG, found that at the same water 

potential there was faster germination in solution but the 

total germination was not different. In their study, seeds 

growing in soil were not counted as germinated until 
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emergence from the soil. In this study the seeds were dug 

from the soil and examined for germination, so that radicle 

extension through the seed coat in solution and in soil 

could be compared on the same basis. 

For f~ obtusifolia, maximum germination in PEG was 

restricted to 0 and -1 bars. The water potentials in the 

soils were not low enough to decrease final germination, 

but the rate of germination was decreased. After 72 hours of 

test, in PEG, even at -5 bars, the percentage of germination 

was higher than in any soil. Due to a decrease in water 

conductivity at the seed-soil interface, a more pronounced 

effect of decreasing water potential upon seed germination, 

is expected in soil than in osmotic solution. The increased 

soil dryness around C. qbtusifolia seeds may indicate that 

low water conductivity was the cause of this species delay 

in germination in soil, in relation to PEG solutions. 

The largest effect of soil type upon radicle growth 

was noticed for C. floribunda. In PEG this species 

germinated best at -5 bars, but radicle growth was not 

sensitive to water potential. The radicle length in PEG was 

less than 1.5 cm for all treatments (Figure 5). In 

Brazito soil, the radicle elongation (3 cm) was 

significantly larger than in the other soils (Figure 8). 

Among the three soils, Brazito is the one most similar 

to those of natural habitat for C. floribunda. 
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For all three species, radicle growth was longer in 

soil than in PEG. Solutions miss important characteristics 

of soils (physical, chemical and microbiologycal) that would 

be beneficial for root growth. 



CHAPTER 3 

SEEDLING GROWTH STUDIES 

This chapter refers to seedling growth and 

establishment under water stress. The reason for concern 

with effect of stress on seedlings is that plants at this 

stage are often sensitive to stress, and successful 

seedling establishment is necessary for successful 

revegetation. Additionally, advantages gained at the 

seedling stage are often carried through later phases of 

plant growth (Johnson 1986). 

Water stress and defoliation are common stresses 

imposed on range plants. Both factors playa major role in 

the aquisition, distribution and utilization of carbon, 

affecting survival and productivity of range plants (Ludlow 

1986). Therefore, for a given level of defoliation, those 

plants able to withstand water stress and capable of 

continued photosynthesis under considerable dehydration, are 

the o·nes with increased chances of surviving on rangelands. 

The objectives of the studies reported in this 

chapter were: 

1. For C. obtusifolia, ~ floribunda and ~ lasiophylla, 

identify seedling morphological characteristics (shoot 

growth, root growth and root:shoot ratio) associated with 
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survival and growth under water stress conditions. 

2. Determine physiological characteristics of C. 

obtusifolia, ~ floribunda and ~ lasiophylla associated 

with the capacity to withstand water stress, such as, 
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- stomatal conductance and transpj,ration at increased 

levels of water stress, 

- leaf water and osmotic potentials at increased level 

of stress. 

3. Determine, in the three species, recovery after 

decreased leaf water potential. 

4. Determine photosynthetic capacity and other 

characteristics related to gas exchange of control, 

stressed and rewetted plants of C. obtusifolia. 

Literature Review 

Water Stress and Seedling Establishment 

Drought stress is probably the most important 

environmental factor ~ffecting plant productivity 

throughout the world (Kozlowski 1968, Johnson, Richards and 

Turner 1983). In range plants, according to Wright (1971 and 

1975), the effect of drought stress on range plants is 

particularly pronounced during germination, emergence and 

earl y growth. 

Seedlings, besides being more susceptible to drought 

than established plants, have to grow fast to take advantage 

of the short period of available moisture on rangelands. 



Acceptable seedling establishment is the limiting 

characteristic of a grass for range seeding in arid and in 

semi-arid regions (Wright and Jordan 1970). 
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Most of the work related to water stress effects on 

germination and establishment of range plants has been 

with grasses, while the improvement of perennial legumes for 

semi-arid rangelands has received only limited attention 

(Johnson, Rumbaugh and Asay 1981). 

Turner and Begg (1981) cited rapid germination and 

early establishment of deep roots as well as dehydration 

tolerance as important characteristics to look for in a 

drought resistance breeding program. Frasier, Cox and 

Woolhiser (1985) and Frasier, Woolhiser and Cox (1984) 

showed that seedling survival depends on the number of 

vigorous seedlings as well as on the duration of the drought 

period following seeding. 

Shoot and Root Growth 

Some papers relate decreased growth under low 

water potential to a loss of turgor (Hsiao 1973, Hsiao and 

Acevedo 1974, Takami, Turner and Rawson 1981, Cosgrove, Van 

Volkenburgh and Cleland 1984). However, other papers show no 

effect of turgor upon growth (Meyer and Boyer 1981, Matsuda 

and Riazi 1981, Michelena and Boyer 1982, Cavalieri and 

Boyer 1982). Mason and Matsuda (1985) suggested that the 

growth stoppage of osmotically stressed seedlings may be 



immediately regulated by a cell wall loosening factor, and 

in a longer term, by a reduced protein synthesis; no 

effect of turgor loss upon growth was observed. 

Although the immediate effect of water stress upon 

growth is not clear, the secondary effects are well known. 

Decreased water potential affects the distribution of 

assimilate in the plant, altering both the efficiency of 

assimilate conversion into new growth as well as the rate 

of photosynthate use in maintenance of the existing dry 

matter (Jordan 1983). Sobrado and Turner (1986) observed 

reduced growth under water stress as a result of both 

decreased photosynthesis and leaf growth. 

39 

In alfalfa, decreasing the soil water content from 

100% to 49% of the field capacity decreased also the number 

of stems per plant as well as the number of internodes per 

stem (Perry and Larson 1974). Not only the pattern of aerial 

growth is changed, but also the root:shoot ratio is usually 

altered. According to Turner and Burch (1983), root growth 

at the expense of shoot growth is a characteristic of 

drought tolerance. 

Preferential growth of roots under water stress 

and/or a change in the root growth pattern, favoring growth 

at the deeper soil layers, is well documented (Huck et ale 

1983, Molyneux and Davies 1983, Sharp and Davies 1985, 

Sobrado and Turner 1986). Westgate and Boyer (1985) found 

growth of stems, silks and leaves of a corn plant stopped 
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when the water potential at the growing region of each plant 

part was -5, -7.5, and -10 bars, respectively. Root growth, 

however, ceased only when the water potential at its 

growing region was lower than -14 bars. 

The cause of this preferential growth of roots under 

water stress may be osmotic adjustment in the root cells 

(Sharp and Davies 1979), ABA promoting growth of root axis 

and partitioning of carbohydrates to roots (Sharp and Davies 

1985), high sensitivity of the shoot cells to water stress, 

(Westgate and Boyer 1985), and change in the synthesis and 

transport of citokinin and other substances from roots 

(Davies et ale 1986). 

In spite of documented preferential growth of roots 

under water stress, the reduced water supply may restrict 

the total root growth through a reduction of each part of 

the plant (Westgate and Boyer 1985, Sobrado and Turner 

1986). An extended root system mayor may not provide an 

ecological advantage. A reduced root system may save water 

for later growth (Clemens and Jones 1978, King and Bush 

1985, Passiora 1977). However, as pointed out by King and 

Bush (1985), this reduced root growth may be advantageous 

in a short duration stress period, but not in a long one, 

when the roots will be deprived of exploring an extended 

soil volume for water. On the other hand, an extensive root 

system is more expensive to grow and maintain and will not 



have an advantage if no water is available in the deeper 

soil profile (Passiora 1981). 

Photosynthesis 

41 

In the past, emphasis was given to the effect of 

stomata controlling photosynthesis, especially under stress. 

However, Farquhar and Sharkey (1982) affirmed that little 

experimental data support this idea, and in a classical 

diagram, they showed that stomata have less effect in 

reducing photosynthesis of a stressed than of a nons tressed 

leaf. 

In fact, a number of papers relate to the major role 

of the non-stomatal factors in relation to the stomatal 

control of photosynthesis in a water-stressed leaf. In these 

papers, the decreased CO 2 fixation has been attributed to a 

decreased chloroplast activity (Matthews and Boyer 1984, 

Krieg and Hutmacher 1986, Sharp and Boyer 1986), decreased 

activity of Ribulose-1,5-biphosphate carboxylase-oxygenase 

(RuBP 2 ) and/or decreased RuBP 2 regeneration (Farquhar and 

von Caemmerer 1982, von Caemmerer and Farquhar 1984), 

decreased photophosphorylation as well as to a reduced 

effect on electron transport (Ogren and Oquist 1985). Water 

stress has also been found to decrease photosynthesis 

through a photoinhibitory effect (Bjorkman and Powles 1984, 

Ludlow and Bjorkman 1984, Ogren and Oquist 1985) related to 

a damage of the photosynthetic machinery when excitation 



energy exceeds that required for saturation of 

photosynthesis. Photoinhibition of photosynthesis occurs 

under conditions of water stress, high temperature, low 

temperature and even low light. 
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Authors refer to stomatal conductance as being 

limiting to photosynthesis at moderate water stress levels, 

whereas at higher stress, the importance of non-stomatal 

control mechanisms are more effective (Boyer 1970, Melzac, 

Bravdo and Riov 1985, Ogren and Oquist 1985, Swietlik, 

Korcak and Faust 1983). 

The level of stress at which the trade off between 

stomatal and non-stomatal control of photosynthesis occurs 

depends on the species as well as on the conditions of the 

experiment, because CO 2 assimilation is affected by many 

other factors besides water stress such as nutrition, light, 

temperature, leaf position and age. However, mechanisms of 

adaptation are present, allowing plants to do well under 

conditions otherwise unfavorable. In sunflower (Helianthus 

annuus) previously stressed plants had higher net 

photosynthesis than control plants when both were stressed 

(Matthews and Boyer 1984). The existence of paraheliotropic 

movements in siratro (Macroptilium ~purpureum cv. 

Siratro) helped water stressed plants to decrease light and 

heat damage, thus, surviving episodes of heat and water 

stress (Ludlow and Bjorkman 1984). Accumulation of solutes 

associated with osmotic adjustment was also suggested as a 



way to increase thermal stability of the photosynthetic 

apparatus in winter annuals (Seemann, Downtown and Berry 

1986) or to keep the cells more hydrated, thus, protecting 

chloroplasts from dehydration (Matthews and Boyer 1984). 

Transpiration and Water Utilization Efficiency (WUE) 
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Transpiration plays a big role in plants by 

decreasing leaf temperature and also by·helping in the 

distribution of nutrients. All transpiring plants, 

regardless of the available soil water, experience some 

water stress during the day, at that time when transpiration· 

is higher than water uptake (Kozlowski 1968, Turner and Begg 

1981). However, during the night, plants recover their 

turgidity because the water uptake is higher than 

transpiration, even though being lower than during the day. 

Of course, this night recovery is possible only if water is 

available in the soil. 

Singh and Tsunoda (1978) found a high correlation 

(r=.98) between net photosynthetic rate and transpiration 

rate of wheat. Observations like this reinforce the 

thinking of many authors that it seems impossible to breed 

for high yield and drought resistance at the same t"ime 

(Kirkham and Kanemasu 1983). 

However, the indication that photosynthesis is 

restricted, under conditions of water stress, more by non

stomatal than by stomatal factors, suggest that genotypes 
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might be selected for WUE. According to Farquhar and Sharkey 

(1982), the role of the stomata is to minimize water loss, 

while only marginally affecting photosynthesis. 

Since the beginning of this century, studies have 

been conducted to determine the water requirement of plants 

(Briggs and Shantz 1913 and 1914, Shantz and Piemiesel 1927, 

McGinnies and Arnold 1939). All of them agree that water 

requirement is dependent on the environmental conditions 

and, within the optimum range of conditions for each 

species, water requirement is lower than when the plant is 

under suboptimal or stress conditions. 

Sheriff and Ludlow (1984), comparing siratro and 

buffel grass (Cenchrus ciliaris), found that stomata of 

droughted siratro are open only when transpiration rate is 

relatively low, but stomata of droughted buffel grass 

remained open thoughout the day. As a result, water use 

efficiency of siratro was similar in both droughted and well 

watered conditions, whereas for bufffel grass, it was lower 

in droughted than in well- watered conditions. 

Passiora (1982) considers the stomatal control of 

water loss an unsatisfactory mechanism because it causes an 

increase in the leaf temperature and a slow water loss 

continues through the cuticle. He suggests a more 

satisfactory way of decreasing water loss would be a 

decrease in leaf area. 
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Under controlled conditions, increase in WUE. has 

been achieved by increasing the CO 2 concentration. Increased 

CO 2 concentration decreases stomatal aperture, reduces 

transpiration and increases photosynthesis (Kimball and Idso 

1983). Morison and Gifford (1984), studying 18 species of 

plants, including C3 and C4 species, detected increases in 

WUE from 40% to 80% when the CO 2 concentration was doubled, 

under water stress. 

Environmental factors affecting WUE are atmospheric 

humidity; CO 2 concentration in the atmosphere, air 

temperature, irradiance and soil water availability (Turner 

and Burch 1983). Besides, WUE is also related to the type of 

CO 2 fixation. Many authors have described the WUE of C4 

plants as 2 to 3 times greater than for C3 plants (Fisher 

and Turner 1978, Ludlow and Wilson 1972, Morison and Gifford 

1984). 

Tanner and S.inclair (1983) made a distinction 

between "efficient use of water," that is a saving of water, 

resulting in increased total production in relation to total 

available water and "water use efficiency" or biomass 

production per unit of water evaporated and transpired. 

According to the authors the "efficient use of water" is the 

most likely to be improved through adequate management 

practices. 

Barnes (1983) cited three possible ways of 

increasing efficiency of water use: 1) better practices of 



soil and water management 2) improved crop management 

practices, and 3) use of stress tolerant cultivars. 

Stomatal Response 
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The leaf water potential at which stomatal closure 

occurs depend on species, growth conditions, and rate of 

stress. Markhart (1985) observed that stomata of Phaseolus 

vulgaris were still significantly open at -18 bars, whereas 

in Phaseolus acutifolius almost complete closure was 

observed at -10 bars. Even on the same plant the threshold 

value varies with position of the leaf in the canopy and 

leaf age (Turner and Burch 1983). Frank, Power and Willis 

(1973) reported stomatal closure in wheat occurring at -13 

bars on the 5th leaf at tillering and at -17 bars on the 

flag leaf at heading. If stress is slowly imposed, osmotic 

adjustment may occur, thus, slowing stomatal closure. 

Stomatal opening is regulated by a gradient of water 

and CO 2 between the leaf and the surrounding environment as 

well as by the presence of light, but water stress overides 

everything. Raschke (1976) compared the stomatal 

maintenance of water balance to an industrial system 

directed to optimization of resources. According to the 

author, the ways the stomata have to "resolve the dilemma" 

of supplying CO 2 and avoiding water loss is by several 

stages of sensitivity to CO 2 depletion and to water deficit 

and by affecting water vapor loss more than CO 2 uptake, 
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mainly at larger stomatal apertures. The concentration of 

ABA in the guard cell has been related to stomatal closure. 

For the stomata to be kept open, K+ is used as osmotica in 

the guard cells. Guard cells take up K+ from their 

environment (apop1ast) in exchange for H+. Organic anions 

(malate or citrate and C1- are used to maintain the cell pH 

and to balance the electric charge. At. a given level of 

ABA, the migration of H+ is blocked, so that K+ can not get 

inside the guard cell, and the stomata is not able to open. 

The biochemistry of the stomatal function is described by 

many authors, such as Raschke (1976), Outlaw (1983) and 

Robinson and Preiss (1985). 

Materials and Methods 

Water Stress and Seedling Growth, 1985 Study 

This study was conducted using only C. obtusifo1ia 

and D. 1asiophy11a because C. f10ribunda germinated poorly. 

The objective was to test the effect of wet/dry/rewetting 

sequences upon the morphological characteristics of 

seedlings. The experiment was conducted during the summer of 

1985, in a greenhouse with a mean temperature of 27 C and 

daily mean maximun/minimun of 30/20 C. The average RH (rela

tive humidity) was 64% with extremes of 80 and 49%. 

The soil used for the study belongs to the Hayhook 

series, formerly Anthony, a coarse-loamy, mixed, thermic, 

typic Torriorthent, collected at the International 
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Biological Program Area on the Santa Rita Experimental 

Range. The chemical analysis and moisture retention curve of 

the soil are in Table 2 and Figure 1, respectively. 

The soil was passed through a 3 mm sieve, mixed and 

put in one-quart milk cartons. Each carton received 1920 g 

of soil and enough water to bring the soil to field 

capacity. The seeds were scarified according to methods 

described in the PEG study, and seeding was done with soil 

moisture at field capacity. 

After seeding, wet/dry ~reatment sequences were 

applied, according to the following sequences: 

4 wet days + 4 dry days (4W+4D), 4 wet days + 8 dry 

days (4W+8D), 4 wet days + 12 dry days (4W+12D), 4 dry 

days (4D), 8 dry days (8D) and 12 dry days (12D). 

Each treatment had two sets of plants (each set made 

up of 5 pots). One set was harvested at the end of the above 

treatment sequences and the other set was rewetted daily 

over a 12-day recovery period and then harvested. 

At each harvest day, a set of 5 pots of control 

plants (daily wetted) was also harvested. The control pots 

are referred to as 4W, 8W, 12W, 16W, 20W, 24W and 28W. The 

pots to be wetted were weighed and water added to field 

capacity. At each harvest date, soil samples were taken from 

the top, middle and bottom of each pot for gravimetric 

determination of moisture content. 
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The harvested plants were divided into shoot and root 

for determination of dry weight. Root length was measured 

according to Tennant (1975). The statistical design was 

completely randomized, with five replications, each 

replication being a milk carton with two plants. 

Water Stress and Seedling Growth, 1986 Study 

The objective of this study was to determine growth 

and physiological responses of ~ obtusifolia, ~ floribunda 

and ~ lasiophylla to water stress. The soil used was 

Brazito' soil series. The size of the pots (volume of soil) 

was proportional to the root length, determined in the 1985 

experiment. For ~ obtusifolia a root length of 2550 cm was 

used, and ~ floribunda and D. lasiophylla were assumed to 

have similar root length, equal to 250 cm. The amount of 

soil used was 1500g for ~ obtusifolia and 150g for the 

other two species, and the pots were one quart milk cartons 

and 6.4 oz. styrofoam cups, respectively. The styrofoam 

cups, due to their relatively larger evaporative surface in 

relation to the total volume·of soil, received 4 g of 

horticulture perlite on the top. Four seeds were germinated 

in each pot, and selectively thinned to two uniform plants. 

All the pots were daily wetted to field capacity, until 21 

days after emergence, when the stress treatments were 

started. The average temperature in the greenhouse was 25 C 
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with 30 C and 18 C means for the maximum and minimum. The 

average RH was 60%, with extremes of 80 and 45%. 

For C. obtusifolia, eight water stress periods 

( 6, 9 , 1 1, 1 3 , 1 5, 1 8, 2 0 and 22 dry days) we rea p p lie d , 

followed by a 9-day recovery period, when plants were again 

rewetted daily. The other two species had only four 

durations of stress (2, 4, 6, and 8 days) and the rewet 

period was only five days. 

At each harvest day the plants were sampled for 

water and osmotic potential by 8 AM. At 10:30 AM readings of 

transpiration and stomatal conductance were taken from the 

primary and from the newest expanded (enough to fit the 

porometer) trifoliate leaf, terminal leaflet, using a 

steady state null balance porometer LI-COR model LI-1600. 

Plants were then harvested, and roots washed in running 

water. Plants were separated into shoots and roots and dried 

at 65 C for 48 hours for dry matter determination. 

For fL obtusifolia gas exchange was determined in an 

open flow through system control under 1000 pmol -1 -2 s m 

photosynthetic photon flux density (PPFD), vapor pressure 

deficit (.5-2.5 KPa), and CO 2 (0-1000 pmol.mol- 1). Light was 

supplied with high intensity (1000 watt Hi-Tek Lighting), 

high pressure sodium lamps. Air was supplied from standard 

tanks of compressed air (20-21% 02 and 79% N) plus 1000 

pmol.mol- 1 CO 2 • The CO 2 concentration was controlled by 

scrubbing portions of the ambient CO 2 using a soda lime 
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column and a critical orifice diluter (ADC model GD-600-GC). 

Water vapor pressure was set by saturating air at a 

predetermined dew point temperature in a refrigerated water 

bath. Dew point was subsequently measured with a dew point 

hygrometer (EG&G model 880). Measurements of leaf 

temperature, relative humidity, ambient CO 2 , and 

differential CO 2 were measured with an ADC infrared carbon 

dioxide analyzer (Model LCA-2) and a Parkinson leaf chamber 

(ADC Model A126). Calculations of gas exchange and related 

parameters were made using standard equations (Moon and 

Flore 1986). 

For the measurement of water status, one or more 

plants in each pot, depending on psychrometer availability, 

were punched (with a paper punch) in the primary and in the 

newest trifoliolate leaf, lateral leaflet. Each leaf disk 

was put in a Merrill 75-13 psychrometer, and the readings of 

water potential taken with a Wescor MJ-55 microvoltimeter, 

after about 3-hours equilibration time at 25 C in an 

insulated water bath. Subsequently, the psychrometers were 

immersed in liquid nitrogen for 20 sec., allowed to thaw 

for 30 min. and put again into the water bath for an 

equilibrium time of 2 hours before the readings of osmotic 

potential. 

Data were analyzed as completely randomized design, 

with each pot being a replication (n=4), with exception of 
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the gas exchange studies, where each plant was treated as a 

replication (n=B). 

Results and Discussion 

Water Stress and Seedling growth, 19B5 study 

For seedlings of ~ ~btusifolia (Table 5) no 

differences in shoot growth were observed between control 

(BW and 12W) and stress treatments (4W+4D, BD, and 12D) when 

compared for same age. Root growth, however, was higher in 

the stressed plants (BD and 12D). At the end of B dry days 

(BD), soil moisture at all sampled depths (Table 6), in pots 

of C. qbtusif6lia was slightly less than in the control 

pots. When the stress period advanced from B to 12 dry days 

(12D), seedlings were subjected to high water tensions, 

since at the end of 12 dry days the soil moisture potential 

was lower than -15 bars (Table 6). The plants responded to 

this decreased soil moisture by increasing their root weight 

in relation to the control plants (12W). Such increase in 

root under stress is commonly observed (Sharma and Ghildyal 

1977, Osonubi and Davies 197B, Sharp and Davies 1979). 

In pots wetted for four days after seeding 

and then followed by 4 (4W+4D) or B dry days (4W+BD), the 

longer dry period reduced root and tended to reduce shoot 

growth in relation to the control (12W), (Table 5). The four 

dry days were not enough to significantly decrease the soil 

moisture in relation to that in the control pots (Table 6). 



Table 5. Shoot and root dry weight, root:shoot ratio 
and root length of C. obtusifolia under wet/dry 
sequences. 

Wet IDry Shoot Root Root:shoot Root length 
sequences ( g/pot ) (g/pot) ratio (cm) 

8w 1 .58 ab 2 .11 ab .19 a 267 a 
4W+4D .50 a • 11 ab .22 ab 225 a 

8D .74 bc .17 cd .23 ab 426 b 

12W 1. 07 c .23 e .22 ab 503 bc 
4W+8D .61 bc • 17 . cd .28 c 576 c 

12D .94 c .27 f .29 c 791 d 

1 4, 8, and 12 are number of days under wet (W) and 
dry (D) treatments, counting from seeding date. Plants 
were harvested and measurements taken at the end of 
the indicated sequences. 

2 In the same column, means followed by the same 
letter are not statistically different (LSD P< .05) 
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Table 6. Water potential (bars) of the Hayhook soil, at 
three depths, in pots where ~ ob¥usifolia 

and .Q.:.. lasiophylla were grown. 

Wet IDry 
sequencies 2 

BW 
4W+4D 

BD 

12W 
4W+BD 

12D 

20W 
4W+4 D+ 12W 

B D+12W 

24W 
4W+BD+12W 

12D+12W 

2BW 
4W+12D+12W 

Soil moisture at indicated depth (em) 
c. obtusifolia D. lasioEhYlla 

0-7 7-14 14-21 0-7- 7-1 14-21 

-O.B -O.B -O.B -0.8 -0.8 -O.B 
-0.9 -0.9 -O.B -0.9 -0.9 -O.B 
-1.2 -1.0 -1.0 -0.9 -0.9 -0.9 

-0.9 -0.9 -0.9 -0.8 -0.8 -0.8 
-2.6 -1.5 -1.3 -1.2 -1.0 -0.9 
< -15 <-15 < -15 -3.4 -1.3 -1.4 

-1.1 -1. 1 -1.1 -0.8 -0.8 -0.8 
-1.0 -1.0 -1.0 -O.B -0.8 -O.B 
-0.9 -0.9 -0.9 -O.B -0.8 -0.8 

-0.9 -0.9 -O.B -0.8 -0.8 -0.8 
-0.9 -0.9 -O.B -0.8 -0.8 -0.8 
-O.B -0.9 -0.9 -O.B -0.8 -O.B 

-O.B -O.B -0.8 -O.B -O.B -0.8 
-0.9 -0.8 -O.B -0.8 -0.8 -0.8 

1 Soil moisture content was determined gravimetrically 
and water potential read from the moisture retension 
curve. Sampling dates were at the end of the indicated 
sequences. 

2 4, 8, 12 •••• 2B are number of days under wet (W) and 
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Therefore, no effect upon the growth of the plants should be 

expected. 

There was not a noticeable treatment effect upon the 

root:shoot ratio over 8 days of treatment (Table 5). 

However, the root:shoot ratio was significantly greater for 

4W+8D and 12D in relation to the control (12W). It is 

frequently seen that under water stress there occurs 

a preferential allocation of the limited carbon to the 

roots, rather than to the shoots (Hsiao and Acevedo 1974, 

Malik, Dhankar and Turner 1979, Sharp and Davies 1985), 

resulting in increased root:shoot ratio under stress. 

However, comparison between 8D and 4W+8D, shows that 

increased root:shoot for the last treatment was mainly due 

to a decrease in shoot rather than to an increase in root 

growth. 

Many papers refer to an increase in root length 

or to a preferential growth of roots to the deeper layers 

of the soil under water stress (Osonubi and Davies 1978, 

Molyneux and Davies 1983, Sharp and Davies 1985, Sobrado 

and Turner 1986). In fact, increased root length in 

relation to control was observed for the 8D and 12D 

treatments (Table 5). 

After stressed plants of ~ obtusifolia had been 

rewetted for 12 days (Table 7), they had similar shoot, 

root, root:shoot ratio and root length, as their respective 

control plants. Differences observed can be more the effect 



Table 7. 

Wet IDry 
sequeneies 

20W 1 

4w+4D+12W 
8D+12W 

24W 
4w+8 D+ 12W 

12 D+12W 

28w 
4W+12 D+12W 

56 

Shoot and root dry weight, root:shoot ratio 
and root length of C. obtusifolia after 
rewetting. 

Shoot Root Root:Shoot Root length 
(g/pot) (g/pot) ratio (em) 

2.67 a 2 .58 a .22 a 2099 a 
2.66 a .59 a .22 a 1963 a 
2.04 a .54 a .27 a 1903 a 

2.33 a .64 a .27 a 2410 be 
2.26 a .57 a .25 a 2182 ab 
2.30 a .55 a .24 a 2506 e 

3. 12 b .73 a .23 a 2532 e 
2.41 b .62 a .26 a 2578 e 

1 4, 8 and 12 are number of days under wet (W) and 
dry (D) treatments, counting from seeding date. 
Plants were harvested and measurements taken at the 
end of the indicated sequences. 

2 In the same column, means followed by the same 
letter are not statistically different (LSD P<.05). 
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of the plant age than effect of stress-recovery, since for a 

group of the same age seedlings, there was no effect of 

treatment. A rapid "compensatory" growth has been observed 

by other researchers (Bunce 1977, Wenkertt, Lemon and 

Sinclair 197B) when previously stressed plants have been 

rewetted. 

In contrast to C. obtusifolia, no effect of stress 

treatments upon shoot and root growth of ~ lasiophylla was 

found on plants grown for B days (4W+4D and BW). The 12-day 

old plants (12W, 4W+BD, and 12D) showed the effect of age 

with greater shoot and root weight and root length in 

relation to the B-day old plants (BW, 4W+4D, and BD). 

However, among the 12-day old plants, the greatest effect of 

treatment was an increased root growth of the 12-day 

stressed (12D) plants (Table B). Considering the soil 

moisture for that treatment (Table 6), this increased root 

growth is probably the result of a better soil aeration 

under this dry treatment as compared to more frequent 

wetting. After being rewetted for 12 days, there was no 

difference among the root and shoot measured parameters for 

D. lasiophylla (Table 9). 

Differences between C. obtusifolia and D. 

lasi02hylla reflect effects of plant size in relation to the 

same pot size used for both species. The smaller sized 

plants of ~ lasiophylla were not subjected to stress with 



Tab 1 e 8. S h 0 0 tan d 1" 0 0 t dry wei gh t, 1" 0 0 t : s h 0 0 t 1" a t i 0 and 
root length of ~ lasiophylla under wet/dry 
sequences. 

Wet /Dry Shoot Root Root:shoot Root length 
sequences (g/pot) (g/pot) ratio (cm) 

8W 1 .012 a 2 .0044 a .37 be 8.7 be 
4W+4D .011 a .0040 a .36 be 6.6 a 

8D .013 a .0080 a .62 d 10.7 be 

12W .035 b .0083 b .24 ab 33.8 d 
4W+8D .029 b .0081 b .28 ab 22.0 c 

12D .037 b .0120 c .32 abc 33.5 d 

1 4, 8, and 12 are number of days under wet on and 
dry (D) treatments, starting from seeding date. Plants 
were harvested and measurements taken at the end of 
indicated sequences. 

2 In the same column, means followed by the same 
letter are not statistically different (LSD P<.05). 
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Table 9. Shoot and root dry weight, root:shoot ratio and 
root lenght of ~ lasiophylla after rewetting. 

Wet IDr y Shoot Root Shoot:Root Root len gth 
sequencies (g/pot) (g/pot) ratio (cm) 

2 OW ( 1 ) .11 a(2) .037 a .33 a 134.9 a 
4W+4D+12W .09 a .033 a .35 a 121.5 a 

8D+12W .12 a .044 a .37 a 142.2 a 

24W .21 a .066 a .31 a 281.0 a 
4w+8 D+ 12W • 13 a .041 a .32 a 175.6 a 

12 D+12W .22 a .071 a .32 a 305.6 a 

28W .17 a .068 a .41 a 209.6 a 
4W+12D+12W .17 a .062 a .37 a 215.4 a 

4,8, and 12 are number of days under wet (W) and 
dry (D) treatments, starting from seeding date. 20W, 
24W and 28W are control (daily wetted treatments). 
Plants were harvested and measurements taken, at the 
end of the indicated sequences. 

2 in the same column, means followed by the same 
letter are not statistically different (LSD P<.05). 
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any treatment, whereas plants of C. obtusifolia experienced 

water stress, at least under the 12D treatment. 

Under field conditions, plants of ~ lasiophylla, 

due to their small root system, would be susceptible to 

water stress due to surface soil dryness. Seedlings of C. 

obtusifolia, with an extended root system, would be able to 

explore deeper soil layers, and would have an increased 

advantage to survive drought, in relation to seedlings of D. 

lasioEhylla. 

Water Stress and Seedling Growth, 1986 Study 

Root and Shoot Growth 

This experiment differed from the previous one 

basically in four aspects: the soil volume was proportional 

to the root length so as to stress the small sized plants of 

D. lasioEhylla. Second, stress was applied when the 

seedlings were '21 days old, whereas in 1985, stress was 

applied from seeding date. Third, contrary to 1985, in 1986 

study, ~ floribunda was included. In 1986, physiological 

characteristics were measured, in addition to morphological. 

Control (watered daily) plants of ~ obtusifolia had 

higher weights of shoots than the stressed ones, for all 

sampled dates (Table 10). No shoot growth occurred on plants 

subjected to six or more days of drought treatment. Until 11 

dry days, when the soil water potential reached -15 bars 

(Table 11), stressed and control plants had similar root 



Tab 1 e 1 0 • S h 0 0 tan d 1" 0 0 t dry wei gh t (g / pot) 0 f C. 
obtusifolia when stressed and after rewetting. 

Stressed plants Control plants 
Days Shoot Root Shoot Root 

Stress 

6D 1 4.07 ab 2 .74 bc 5.38 a .86 cd 
9D 4.13 ab .73 bc 5.31 cd .77 bc 
11 D 4. 14 ab .80 cd 6. 18 cd .92 cd 
13D 4.0~ ab .56 a NH NH 
15D NH NH NH NH 
18D 3.65 a .55 a 7.53 f .96 cd 
20D NH NH NH NH 
22D NH NH 7.35 f 1.06 de 

Recovery 

6D+9W 5.37 cd .90 cd NH NH 
9D+9W 5.40 cd .84 cd 7.53 f .96 cd 
11 D+9W 5.19 bc .86 cd NH NH 
13D+9W 5.25 cd .70 ab 7.35 f 1.06 de 
15D+9W 4.06 b .66 ab 7.94 fg 1.00 d 
18D+9W 3.73 a .59 a 8.25 g 1.20 e 
20D+9W 3.74 a .59 a NH NH 
22D+9W NR NR NH NH 

1 6D, 9D, 11 D, •••• and 22D are the dry (water stressed) 
days. After stress, there followed a rewetting period 
of 9 days (9W). 

2 Within shoot and root the means followed by the same 
letter do not differ (LSD P<.05). 
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3 No harvest was done. In the case of the stressed 
plants, they were rewetted, passing to the recovery 
treatments. 

4 The plants did not recover after rewetting. 



Table 11. Water potential (bars) of Brazito soil in pots 
where C. obtusifolia, C. floribunda and D. - ..,-
lasiophylla were grown • 

Species 

c. floribunda 
control 
stress 

D. lasioEh~lla 
control 
stress 

c. obtusifolia 
control 
stress 

2 

-3.5 
-4.5 

-4.0 
-4.5 

Days 
4 6 

-4.5 -4.0 
<-15 <-15 

-4.0 -4.5 
< -15 <-15 

-3.5 
-10.5 

of stress 
8 9 1 1 

,3.7 
<-15 

-4.0 
<-15 

-4.0 -4.3 
-10.5 -15.0 
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Soil water potentials were determined at the harvest time. 
For control plants, this means after 24 hours of being 
wetted to field capacity. 
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weight. After that, root weight of the stressed plants was 

less than for control plants. Unfortunately, due to lack of 

enough uniform plants to fill all the treatments, some 

harvests were skipped in both control and stressed 

treatments. 

Shoot growth during recovery was observed only for 

those plants that had been stressed 13 days or less (Table 

10). There was a slightly greater weight of roots after the 

9-day recovery period, in relation to the respective stress, 

but this increase was not statisticaly significant. 

For ~ lasiophylla and ~ floribunda, no significant 

shoot or root growth occurred under the stress periods 

(Tables 12 and 13). These species had a slow growth, so 

that even in the control plants, only a slight growth was 

measured. Besides, the small pot size may have restricted 

growth, through a rapid decrease in the soil moisture 

content. 

For D. lasiophylla, the significant recovery of root 

growth for the 4D+5W treatment (Table 13), apparently was 

by rand on chance, since no root recovery was observed for 

the other treatments. Similarly, no root recovery was 

observed for ~ floribunda (Table 12). This lack of a 

significant recovery of root growth after rewetting, may 

have been due to the slow growih rate or due to sampling 

variability. 



Table 12. Shoot and root dry weight of ~ floribunda 
when stressed and after rewetting. 

Stressed plants Control plants 
Days Shoot Root Shoot Root 

(g/pot) ( g/pot) (g/pot) (g/pot) 

Stre~s 
.23 2 .06 2D a a .26 a .08 ab 

4D .32 bc .07 ab .33 ab .07 ab 
6D .28 ab .06 a .34 ab .05 a 
8D .25 ab .05 a .35 b .09 b 

Recovery 
2D+5W .30 ab .06 a .35 b .09 b 
4D+5W .36 c .07 ab .38 c .06 a 
6D+5W .37

3
c .06 a 

8D+5W NR NR 
.47 d .09 b 
.50 d .09 b 
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1 In the stress series, which started when the plants were 
21 days old, harvests were done at the end of each 
stress period, and the weight of shoots and roots of 
stressed plants were compared with those of control plants 
of the same age. In the recovery series, plants were daily 
wetted for 5 days and then harvested and compared with 
control plants of the same age. 

2 Within shoots and within roots, columns the means followed 
by the same letter do not differ (LSD P<.05) 

3 The plants did not recover after rewetting. 



Table 13. Shoot and root dry weight of ~ lasiophylla 
when stressed and after rewetting. 

St-ressed plants Control plants 
Days Shoot Root Shoot Root 

( g/pot) ( g/pot) ( g/pot) - ( g/pot ) 

Stre~s 
2D • 18 ab 2 .06 ab .17 ab .07 
4D .18 ab .05 a .17 ab .06 
6D .15 a .05 a .20 be .07 
8D .15 a .05 a .20 be .07 

Recovery 
2D+5W .17 a b .05 a .20 be .07 
4D+5W • 19 a b .07 b .21 be .07 
6D+5W .20

3
bC .06 ab .25 cd .09 

8D+5W NR NR .27 d .07 

1 2 and 3 are the same as in Table 12. , 
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be 
ab 
be 
b 

b 
b 
c 
b 



Control plants of both C. f10ribunda and D. 

1asiophy11a showed a high rate of shoot growth by the 
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end of the experiment. Stressed plants of the same age also 

showed the same trend, so that the 6D+5W plants had higher 

shoot weight growth, during the recovery period,than the 

plants stressed for shorter periods. However, after eight 

days of water stress (8D) the plants had lost some leaf, due 

to high desiccation, and they did not recover after 

rewetting. 

Leaf Water Status 

The leaf water and osmotic potential of C. 

obtusifo1ia were not significantly decreased until 13 days 

of stress (Figure 9). Meanwhile, the water content in the 

soil decreased from -10 bars (at 6 days of stress) to -15 

bars (at 11 days of stress) (Table 11). From 15 to 20 days 

of stress there occurred a gradual decrease in both leaf 

water and osmotic potentials, and the low values of osmotic 

potential indicate a high degree of osmotic adjustment. 

Osmotic adjustment allows turgor to be maintained positive 

as leaf water potential decreases. For ~ obtusifo1ia, 

however, despite adecrease in osmotic potential, negative 

values were obtained for turgor. In control plants, turgor 

was kept positive, around 5 to 6 bars. 

After rewetting, the plants of C. obtusifo1ia had 

water potentials statistically similar or even a little 



Figure 9. Leaf water and osmotic potentials of C. 
obtusifolia 

Lines 1 and 2 represent values for osmotic 
and water potentials, respectively, for daily 
wetted plants, and 

~ water potential of stressed plants 

~ osmotic potential of stressed plants 

~ water potential of rewetted plants 

~osmotic potential of rewetted plants. 

Plants were grown in pots in a green house. 
Control pots were wetted daily and stress 
treatments started when plants were 21 days old. 
During rewet period, (9 days) plants were daily 
wetted to field capacity. Measurements of water 
and osmotic potentials were made with 
psychrometer, at the end of indicated stress and 
rewet periods. For both water and osmotic 
potentials, Sx was 1.4. 
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Figure 9. Leaf water and osmotic potentials of f. obtusifolia. 
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higher than those observed in the control plants. This 

recovery of water potential occurred even after 20 days of 

stress, which was the last date plants recovered from 

stress. 
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For ~ floribunda and ~ lasiophylla, leaf water and 

osmotic potentials decreased sharply (Figures 10 and 11) as 

the water content in the soil was depleted (Table 11). After 

five days of recovery (rewet), the leaf water and osmotic 

potentials of both species increased to values statistically 

similar to those on the control plants, except for C. 

floribunda after six dry days, which kept leaf water 

potentials lower than the control plants. Maintenance of 

low values of leaf water and osmotic potentials after 

rewetting, indicates that part of the solutes accumulated 

during stress was still in the leaf. 

Osmotic adjustment usually develops in slowly 

stressed plants, which was not the case of C. floribunda and 

~ lasiophylla. The contribution of solute accumulation to 

the osmotic adjustment was not determined. However, the 

values of osmotic potential are too low to be simply due to 

desiccation, and indicate a larg~ amount of solute 

accumulation. For C. flor1bunda and D. lasiophylla, a 

negative value for turgor was obtained only for the former 

species, at 6 days of stress. 

The determination of negative turgor in water 

stressed plants is questionable. It has been attributed to 



Figure 10. Leaf water and osmotic potentials of C. 
floribunda. 

Rewet period was 5 days. For water and osmotic 
potential, Sx was 1.5 and 1.2, respectively. 
More details in Figure 9. 
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Figure 11. Leaf water and osmotic potentials of D. 
lasioEhylla. 

Rewet period was 5 days. For water and osmotic 
potential, Sx was 1.7 nd 1.9, respectively. More 
details in F1gure 9. 
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the cell walls being pulled inward, placing the water under 

tension, rather than under pressure (Kramer 1983). However, 

negative turgor pressure has also been considered an 

artifact due to a dilution of the vacuolar sap by the 

apoplastic water during the measurement of osmotic potential 

(Tyree 1976). 

Errors in the determination of leaf water and 

osmotic potentials can also result in negative values for 

turgor. Because the values for leaf water and osmotic 

potentials were very low, their precision, due to the 

microvoltimeter scale, was also low, and may have resulted 

in the negative values of turgor. 

Ludlow et ale (1983) reported accessions of 

Centrosema brasilianum and Centrosema pascuorum, both from 

northeastern Brazil to have stress tolerance (leaf water 

potential value just before the last leaf died) of -83 and 

-211 bars, whereas siratro (species considered to avoid 

dehydration) stress tolerance was only -24 bars. I did not 

measure here the leaf water potentials at which the plants 

died, but rather, those at which they still survived. The 

values obtained where -64.5, -76.1 and -66.4 bars for C. 

obtusifolia, ~ floribunda and D. lasiophylla, respectively. 

I believe these plants would have water stress tolerance, 

according to the concept of Ludlow et ale (1983), similar 

or even higher than the Centrosema species they tested. 
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Transpiration and Stomatal Conductance 

The values of transpiration and stomatal conductance 

obtained for all three species (Tales 14 and 15) did not 

change significantly between the expanded primary leaf and 

the growing trifoliate leaf. The data from the former is 

related here, mainly because in the growing trifoliate 

leaves, the leaflets of C. floribunda and ~ lasiophylla 

were too small to provide an adequate surface for the 

porometer chamber, especially in the stress treatments. 

After 6 days of stress, leaf transpiration and 

stomatal conductance (Tables 14 and 15) in stressed plants 

of ~ obtusifolia, were from 30 to 60% of those in the 

control plants, but there was not a clear relationship 

between decrease in leaf water potential and reduction in 

stomatal conductance and transpiration. 

According to Ludlow (1980) and to Ludlow et ale 

(1983), the partial closure of the stomata under stress, 

despite the disadvantage of continuing water loss, has also 

the advantage of permiting continued photosynthesis. This 

continuity of photosynthesis under water stress "may allow 

plants to continue growing slowly and, thus, secure a 

competitive advantage during dry periods of varying severity 

which occur characteristically within the the growing season 

in regions such as north-eastern Brazil •••• " (Ludlow et ale 

1983, p.129) 



Table 14. 

Days of 
stress 

0 
2 
4 
6 
7 
9 

1 1 
13 
15 
19 
21 

-? -1 
Leaf transpiration (mmol m - s ) of C. 
obtusifolia, ~ floribunda and ~ la~IOphYlla 
determined by steady state porometer • 

C. obtusifolia C. floribunda ~ lasiophylla 
control stress control stress control stress 

1. 47 a 2 1. 92 ab 2.09 b 
1. 81 b 1. 65 a 1. 99 b 1. 96 b 1.52 a 1.47 
1. 36 b 1 .22 b 1. 34 b 1. 19 b 1. 48 b .72 
1.05 b .88 a 1. 59 c 1. 7~ c .88 a 1.03 
1. 51 b .92 a DL DL 
2.32 b .81 a 
1. 42 b .93 a 
1. 52 b .83 a 
2.05 b 1.05 a 
2.31 b .74 a 
1. 73 b .83 a 
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a 
a 
ab 

1 Comparisons between control and stressed plants can be 
made only in a given day, because variations in the 
environmental conditions can overide results obtained from 
day to day. 

2 For a given day of stress, the means followed by the same 
letter are not statistically different (LSD P<.05) 

3 Leaves too dry and breaking; not possible to be fitted 
into the porometer chamber. 
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Table 15. Stomatal conductance (mmol m- 2 s-1) of C. 
obtusifolia, C. floribunda and ~ la~iOphYlla 
determined by-Steady state porometer • 

Days of C. obtusifolia C. floribunda D. lasioph;y:lla 
stress control stress control stress control stress 

0 118 a 2 136 a 141 a 
2 155 abcd 135 ab 159 b 154 ab 114 a 121 a 
4 124 b 108 ab 129 b 103 ab 121 ab 68 a 
6 97 ab 78 a 133 c 1233bC 67 a 87 a 
7 82 b 50 a DL DL 
9 99 b 34 a 

1 1 82 b 34 a 
13 73 .b 43 a 
15 104 b 44 a 
19 150 b 41 a 
21 89 b 44 a 

2 and 3 are the same as in Table 14. 
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Contrary to what happened to ~ obtusifolia, ~ 

floribunda and D. lasiophylla did not reduced their stomatal 

conductance under stress. Closure of stomata on water 

stressed plants has been related to an increase in ABA 

level. A tomato mutant unable to synthesize ABA was reported 

to have high transpiration, high susceptibility to wilting, 

low leaf water potential, low turgor pressure and reduced 

growth (Tal and Imber 1970, Bradford 1983, Bradford, Sharkey 

and Farquhar 1983). The capacity to accumulate ABA, thus, 

being able to close stomata, is regarded as a characteristic 

of drought tolerance (Quarrie 1981, Kirkham 1983). 

On the other hand, according to Sheriff and Ludlow 

(1984), species adapted to dry regions may be tolerant to 

desiccation and do not close their stomata until their water 

potentials are less than -40 to -100 bars. For C. floribunda 

and ~ lasiophylla no stomatal closure was observed until 

the last day of measurement, when the leaf water potential 

in both species was -76.1 and -66.4 bars, respectively. In 

the natural habitat of these species, water stress is a b~g 

concern and closure of stomata would help the species in 

concerving water. However, stomata have a dual function: to 

provide food, while preventing thirst (Raschke 1976). If a 

species is dehydration tolerant, as appears to be the case 

of f. obtusifolia, ~ floribunda and ~ lasiophylla, their 

priority could be to get the food, rath~r than to avoid 

thirst. 
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Paraheliotropic movements, observed in C. 

obtusifolia, and acceleration of senescence and droppage of 

leaves in C. floribunda and ~ lasiophylla would result in 

decrease of water loss on a whole plant basis, without 

necessarily being related to the rate of transpiration and 

stomatal conductance at the time of measurement, or in the 

leaf measured. 

Photosynthesis 

Response of CO 2 assimilation and stomatal 

conductance to intercellular CO 2 concentration [ CO 2] i, 

(Figure 12) for control plants of ~ obtusifolia is typical 

of responses reported for other species (Hutmacher and Krieg 

1983, Matthews and Boyer 1984 and Moon, Flore and Hancock 

1987). Increasing [C0 2]i resulted in a logarithmic increase 

in CO 2 assimilation. The initial linear portion of the 

curve, where CO 2 supply is limited, has been called the 

"RuBP 2 saturated region." Conversely, in the flat part of 

the curve, where an increased CO 2 did not proportionally 

increase photosynthesis, RuBP 2 regeneration has been 

considered the limiting factor (Farquhar and Sharkey 1982). 

The lack of an increase in CO 2 fixation at intercellular CO 2 

concentration greater than environmental CO 2 indicates that 

stomatal control is not the major limitation for 

photosynthesis. Factors affecting RuBP 2 regeneration, such 

as light harvesting structures, electron transport and 



Figure 12. CO 2 assimilation (. ) and stomatal conductance 
(0) of daily wetted plants of .£.:.. obtusifolia. 

Measurements_yer=2taken in an open system, at 
1,000 umol s m PPFD and 28±2 C. 
Intercellular CO 2 was calculated as: 

( g' s - E 12) x C s - A 

(g's + E 12) 

where 
g's = stomatal conductance; 
concentration in the sample 
assimilation rate; and E = 

Cs = absolute CO 2 
chamber; A = 

transpiration rate. 

CO 2 assimilation was calculated as: 

fo x (ci - co) x (1 - wi)/(1 - wo) 

A =-----------------------------------------
LA 

where 
fo = flow out of the sample chamber; ci - co = 
delta CO 2 in the sample chamber; wi and wo = 
mole fractions of water vapor on the incoming 
and outcoming air streams. LA = leaf area. 

Stomatal conductance was calculated as: 

E (1 - Wavg) 1 
g' s = ---------------- x 

w1 - wo 1.6 

where 
E = transpiration; Wavg = average pressure 
gradient from leaf to the air; w1 = vapor 
pressure of the leaf; and wo = vapor pressure of 
the outgoing air stream. 
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photophosphorylation are also identified as limiting factors 

to photosynthesis under high CO 2 concentration (Bradford, 

Sharkey and Farquhar 1983, Pearcy et ale 1987). Besides 

biochemical limitations, resistances to CO 2 diffusion in the 

mesophyll also contribute to the non-stomatal limitation of 

photosynthesis (Moore 1977, Krieg 1983). 

A high curvilinear relationship (r 2 :.98) was found 

(Figure 12) between stomatal conductance of the control 

plants and intercellular CO 2 concentration [C0 2]i. This is 

consistent with data reported in the literature (Farquhar 

and Sharkey 1982, Hutmacher and Krieg 1983, Krieg and 

Hutmacher 1986). Contrary to the idea of stomatal control of 

photosynthesis, Farquhar and Sharkey (1982) concluded that 

stomatal conductance is changed in response to 

photosynthesis, so that a constant ratio between [C0 2]i and 

ambient CO 2 is maintained. Evidences for this were found by 

DeJong, Drake and Pearcy (1982), Hutmacher and Krieg (1983), 

Krieg and Hutmacher (1986) and Yoshie (1986). 

The maximum assimilation at elevated CO 2 obtained in 

the control plants of ~ obtusifolia, around 16 umol -2 -1 m s , 

is within the range of rates reported for C
3 

species 

(Ramos and Hall 1982, von Caemmerer and Farquhar 1984, and 

Yoshie 1986). At ambient CO 2 (Table 16), CO 2 , assimilation 

was 13 pmol m- 2 s-1. The increase in C02 fixation, at 

elevated CO 2 was lower than the expected increase of 33% 

refered to by Kimball and Idso (1983). 
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Table 16. Water use efficiency (WUE), stomata conductance 
(g's), leaf water potential (~L)' and CO 2 
assimilation (A) of ~ obtusifolia 1 

Control Rewetted Stress 

WUE (pmol mmol- 1 ) 7.4 2.4 1. 07 

g's (pmol m -2 s-1 ) 140 137 44 

'tiL (bars) -6.9 -5.9 -46 

A (pmol m- 2 s-1 ) 13 5.8 2. 1 

1 Measurements taken at 28 C±2, 323 to 340 pmol mol- 1 

ambient CO 2 , and VDP 1.32 KPa. Measurements of the 
stressed plants were taken at 15 days of stress (on plants 
referred to as 15D on Table 10). After a rewetted period 
of 9 days, the same plants were used in the measurement 
of the "rewetted" values. 



80 

When stressed plants were rewetted and allowed to 

recover for 6 days, leaf water potential was increased to 

-5.9 bars (Table 16), but photosynthetic capacity was not 

recovered, compared to the control plants. Stomatal 

conductance, however, was similar to that of control plants. 

Thus, the reduced photosynthesis of the rewetted plants 

indicates that damage had occurred to their photosynthetic 

apparatus. Many kinds of possible damage by water stress 

have been pointed out, such as, decreased activity of RuBP 

carboxilase (Jones and Fanjul 1983); photoinhibition (Ogren 

and Oquist 1985); decreased chloroplast activity (Matthews 

and Boyer 1984); loss in the chloroplast capacity to fix CO 2 

(Sharp and Boyer 1986 and Swietlik, Korkac and Faust 1983); 

decreased photophosphorylation (Sharkey and Badger 1982); 

and decreased RuBP regeneration (von Caemmerer and Farquhar 

1984). 

On the other hand, the photosynthesis rate found 

for C. obtusifolia, when stressed at a leaf water potential 

of -46.1 bars (Table 16), indicates that this species has 

a photosynthetic apparatus which is able to keep a positive 

carbon balance even under high dessication. Positive 

photosynthesis at such a low water potential is not usual 

even for C4 species. Ludlow, Fisher and Wilson (1985) found 

gross photosynthesis of siratro (C 3 ) and buffel grass (C4) 

to approach zero when the plant leaf water potentials were 

-14.4 and -33 bars, respectively. Sorghum, another C4 plant 



known for its water stress tolerance, was reported to have 

an assimilation rate less than 8 fmol.m-2.s-1 at a leaf 

water potential of -26 bars, and a [C0 2 ]i of 300 pl.I-1 

(Krieg and Hutmacher 1986). 
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The WUE (7.4 fmol mmol- 1 ) of control plants of ~ 

obtusifolia (Table 16) may be considered high in relation to 

those reported by Morison and Gifford (1984), Valley et al. 

(1985) and Yoshie (1986) for C3 species. ~ obtusifolia, 

thus, has a high capacity to fix CO 2 per each unit of water 

used, if water is not a limiting factor. Under a condition 

of water stress, however, this capacity was decreased to a 

1.07 pmol mol- 1 (Table 16). 

Even though stomatal closure under stress decreases 

transpiration, the effect on WUE is variable. Such response 

may depend on non-stomatal limitations to photosynthesis. In 

the case of ~ obtusifolia, water stress did not 

substantially decrease stomatal conductance (Table 16) or 

transpiration (Table 14). Therefore, the low WUE under 

stress was due to both high transpiration and low 

photosynthesis. 

However, WUE and drought resistance are not 

necessarely related (Hsiao and Acevedo 1974, Kriedemann and 

Barrs 1983, Turner and Burch 1983). Factors contributing to 

drought resistance are not encompa~sed by the WUE 

calculations. Besides, WUE is very sensitive to 

environmental conditions at the time of measurement. 
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The small positive net photosynthetic rate found in 

stressed plants of C. obtusifolia (Table 16), even though it 

did not contributed to growth (Table 10), should have been 

beneficial to keep the plant alive and able to resume growth 

after rewetting. This capacity to survive drought and resume 

growth should be a stronger indication of drought resistance 

than a low WUE indicates to the contrary. On the other hand, 

the high WUE of non-stressed plants could be related to 

drought resistance if a deep root system and lor storage of 

reserves had been achieved from the high photosynthetic rate 

that resulted in high WUE. 



CHAPTER 4 

CONCLUSIONS 

1. For C. obtusifolia 

In PEG, maximum germination was limited to the high 

water potential treatments (0 and -1 bar). Slower 

germination occurred in soil than in PEG with equivalent 

water potential levels. Observed soil dryness at the seed-

soil interface supports the conclusion that rate of water 

conductivity limited water availability to meet the demands 

of this large-seeded species for germination. 

Differences in soil moisture and pH did not affect 
. ~ 

the total germination. However, radicle growth was favored 

in those soils with highest moisture content. 

Some of the characteristics observed in this species 

which should help its establishment and drought survival are 

rapid elongation of roots, osmotic adjustment, and decrease 

in both stomatal conductance and transpiration under stress. 

Above all, this species has a high tolerance to dehydration 

and high capacity to photosynthesize under stress. Net CO 2 

assimilation was recorded at a leaf water potential of -46 

bars, and turgidity was recorded even when plants were 

rewetted after being stressed to near -70 bars leaf water 

potential. 

83 



84 

The major factor limiting seedling establishment of 

c. obtusifolia would be soil moisture during germination. 

Seedlings have morphological and physiological 

characteristics which furnish drought tolerance, allowing 

establishmept and growth under water stress. 

2. For C. floribunda 

The highest germination of this species in PEG was 

recorded at -5 bars (70%) and -10 bars (45%). On moist paper 

and in the three soils, germination was near 100%. There was 

a lower germination rate and poorer radicle elongation of 

this species in both PEG and on moist paper as compared to 

the three soils. Thus, results obtained in both PEG and 

moist paper did predict germination and establishment of C. 

floribunda in soil. Indications of low compatibility between 

this species and PEG were high solute leakage through the 

seed coat and spoilage of the seeds. Under high water 

potential, rapid water uptake resulted in considerable 

damage of seeds. 

Total germination of ~ floribunda was equally high 

(near 100%) in the three types of soil. Reduced root growth, 

however, occurred in the fine textured, high pH soil. In 

the natural habitat of this species" the soils are sandy and 

have high pH. 

Among the three species, ~ floribunda was the one 

with the highest desiccation tolerance. It recovered from 

stress even when its leaf water potential had been decreased 
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to -76 bars. The ability of this species to survive stress, 

together with its high germination at low water potentials, 

indicate its high degree of adaptability to arid 

environments. 

3. For·~ lasiophylla 

Seeds of ~ lasioEhylla, had maximum germination 

(near 100%) over a large range of water potential (from 0 to 

-5 bars). Radicle growth was maximum for the water 

potentials of 0 and -1 bar. Germination and radicle growth 

were not affected by the soil characteristics. Thus, ~ 

lasioEhylla may be a species recommended to a broad range of 

environments. Its slow growth rate, however, could reduce 

its establishment. 

Young plants of ~ lasioEhylla did not decrease 

stomatal conductance or transpiration at an increased level 

of stress. Consequently, their leaf water potentials 

decreased sharply. However, they were able to withstand high 

dehydration of their tissue, recovering from stress even 

after their leaf water potential had been decreased to -66 

bars. Survival of this species in arid environments will 

depend on the relative advantage of its dehydration 

tolerance in relation to its slow growth rate. 
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