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Abetnet 

The effects of temporary drought periods of semiarid regions 
were simulated by dehydration of germinating seeds of crested 
wheatgrass (Agrop~~on desertonm), Russian wildrye (E&WIIIS 
/unceus), alfalfa (iWd&ago suth), and cicer milkvetch (Astrugu- 
lus c&m) in 8 constant humidity environments, ranging from -10 to 
-220 MPa for 4 days. Combined tfftcts of root excision and 
temporary dehydration al -22 to -160 MPa wtn also studkd. 
Subsquent growth of seedlings was evaluated in growth perfor- 
mance tests under favorable soil moisture conditions. When the 
initial roots were killed by dehydration, survival of gratea 
depended on the development of seminal Iatcrrl root(s) from the 
scutelkr nodes, and survival of legumes depended on development 
of a new meristtm at the distal end or along the side of hypocotyl- 
root axis. The tfltct of dehydration was more drastic on the 
legumes than on the gmsts, putkukrly at more severe condi- 
tions. Whik temporary dehydration of -59 MPa had little effect on 
grasses, it reduced the percent emergence of the ltgumta by about 
7%. In the -220 MPa treatment, emergence percentages of crested 
wheatgrass, Russian wildrye, alfalfa, and cictr milkvttch were 59, 
35,6, and 1, respectively, and percentages of rooted seedlings were 
58,12,3, and 1, respectively. Under combined effects of excision 
and dehydration at -160 MPa, emergence percentages of the 4 
speciea were 50,34,14, and 0, respectively, and their root lengths 
decreased by 37, 42, 44, and 100% respectively. Within specks 
variation in tolerance of dehydration suggested opportunities to 
sekct and breed for this characteristic. 
Key Words: crested whea@rass, Russian wildrye, alfalfa, cicer 
milkvetch, drought tolerance, pknt sekction 

In arid and semiarid zones with low and unreliable rainfall, 
germinating seeds are often exposed to periods of drought, the 
severity and duration of which may vary. Germinating seeds of 
various plant species may respond differently to dry conditions. 
Levitt (1972) and Brown (1977) used the term “drought tolerance” 
as equivalent to “dehydration tolerance.” The latter was defined by 
Kramer (1978) as the ability of plant protoplasm to survive 
drought without irreversible injury. 

Crested wheatgrass (Agropyron aksertorum) is a perennial 
bunchgrass which is widely used for rangeland rehabilitation on 
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light-textured soils of both shrublands and grasslands where the 
rainfall is between 230 to 380 mm(Hafenrichter et al. 1949). Wilson 
(1971) indicated that seeds of this species were able to resume their 
physiological processes after being exposed to wet and dry periods. 
On the other hand, Russian wildrye (Elymus junceus) is a peren- 
nial bunchgrass which grows slowly in the seedling stage and is 
somewhat more susceptible to moisture stress during emergence 
and establishment (Bleak and Keller 1974). 

Townsend et al. (1975) found that alfalfa (Medicugo sutivu) was 
the most promising legume species under dryland conditions and 
also the legume which could compete favorably with crested 
wheatgrass by the fourth year after establishment. In contrast, 
ciccr milkvetch (Astragufus her) has poor seedling vigor and 
relatively slow germination and establishment, although it may 
tolerate moderate drought conditions (Townsend and McGinnies 
1972). 

Because these grasses and legumes are often seeded in mixtures 
on semiarid lands, it is important to understand their comparative 
drought tolerance during germination and establishment. 

The objective of this study was to evaluate and quantify the 
effects of various degrees of temporary dehydration during the 
germination stage on the emergence and development of 4 promis- 
ing species of grasses and legumes for seeding in dry regions. The 
combined effects of temporary dehydration and root excision on 
the subsequent growth of seminal lateral roots in grasses and of 
replacement tap roots in legumes were also examined. 

Materials and Me&hods 

Experimental materials included ‘Nordan’ crested wheatgrass, 
‘Vinall Russian wildrye, ‘Ladak’alfalfa, and ‘Lutana’cicer milkvetch. 

Dehydration Experiment 
Light weight seeds and inert material were removed in a seed 

blower. They were then treated with bis (dimethylthiocarbamoyl) 
disulfide. Legume seeds were scarified. This experiment included 3 
sequential steps: 

(1) Seed germination: Seeds were germinated at 200 C under 
favorable moisture conditions until the seminal root had extended 
to a length of 3 to 5 mm. 

(2) Dehydration treatment: Germinating seeds were exposed to 
a dehydration treatment by placing them in constant humidity 
trays for 4 days. Saturated salt solutions of sodium sulfate, potas- 
sium chloride, sodium chloride, magnesium acetate, calcium 
nitrate, potassium carbonate, calcium chloride, and potassium 
acetate had maintained constant humidities equivalent to water 
potentials of -10, -22, -37, -59, -92, -120, -160, and -220 mega- 
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pascals (MPa), respectively, at 2S” C prior to insertion of germinat- 
ing seeds. Seeds did not touch the salt solutions, but lost water 
vapor to the constant humidity air. Hassanyar and Wilson (1978) 
found that the water content of germinating seeds of crested 
wheatgrass and Russian wildrye reached equilibrium within 2 days 
under humidity. 

(3) Growth performance test: To evaluate the effects of tempor- 
ary dehydration treatments, 25 control or treated seeds were 
planted at a depth of 1 cm in plastic pots (15 cm diameter by 15 cm 
depth) filled with autoclaved sandy loam soil. Soil was maintained 
at approximately -0.03 MPa by surface irrigation with distilled 
water. Emergence and growth performance during the IO-day test 
were evaluated under both growth chamber and greenhouse condi- 
tions. Growth chambers were maintained at 20° C, 70% relative 
humidity, a 12-hour daylength, and photosynthetically active radi- 
ation of 400 PE m-2sec-1. Greenhouse conditions were maintained 
at 20° C to 25” C, a variable relative humidity, 12-hour daylength 
(supplemented with sodium vapor lamps), and maximum midday 
photosynthetically active radiation of 300 PE ms2sec”. 

At the end of the IO-day growth test, number of emerged seed- 
lings per pot was recorded. It was found that not all seedlings that 
emerged had developed roots, nor did all seedlings with roots 
emerge. Therefore, the percentage of seedlings that developed at 
least one root during the growth test was determined. Roots were 
washed with a fine spray of water over a l-mm screen. The length of 
the shoot and depth of the longest root were measured from the 
planting level. Shoots and roots from each pot were separated, 
oven-dried (700 C for 24 hours) and weighed. Shoot and root data 
were averaged over the number of seedlings emerged and number 
of rooted seedlings, respectively. Biomass change was calculated as 
root plus shoot weight minus seed weight at the end of the IO-day 
test. 

for percent emergence in response to dehydration treatments, 
although under higher stress conditions root development was 
somewhat more adversely affected than was percent emergence 
(Table 1). In both the growth chamber and the greenhouse tests, 
species were significantly different (m.01) in their ability to 
develop roots after they had been exposed to dehydration treat- 
ments. In grasses, presence of seminal lateral root primordia, and 
in legumes, ability of root tissues to produce meristematic tissue in 
the hypocotyl-root axis are important factors in drought tolerance 
and survival of the seedlings (Hassanyar and Wilson 1978). Tem- 
porary dehydration of -37 MPa had no effect on subsequent root 
development in the grass species in growth chamber test, whereas it 
reduced percent rooted seedlings by about 75% in both legume 
species. In a similar study (Fulbright et al. 1984), when the seminal 
primary root of germinating seeds of needlegrass (Stipa viridula 
Trin) was excised or injured by dehydration (-10 MPa), seedlings 
developed up to 3 (average of 1.3) seminal lateral roots per seed- 
ling. They observed that no additional seminal roots developed 
when seminal primary root was undamaged. In the present study, 
root development was consistently more affected in cicer milkvetch 
than in alfalfa under similar stress conditions. The response of both 
grass species to dehydration treatments, in terms of percentage of 
seedlings with a root, was found to be linear, in contrast to a 
quadratic response in both legume species. 

Excision-Dehydration Experiment 
The distal 2-mm portion of the root of legumes and the entire 

seminal primary root of grasses were excised before the germinat- 
ing seeds were exposed to the 4day dehydration treatments at -22, 
-92, and -160 MPa. Two additional treatments were included in 
which germinating seeds were not exposed to temporary dehydra- 
tion: (1) roots were excised, and (2) roots were left intact. 

The water potentials during temporary dehydration which 
resulted in subsequent development of at least 1 root in 50% of the 
seedlings were calculated from the regression equations for the 
growth chamber test. The water potentials for crested wheatgrass, 
Russian wildrye, alfalfa, and cicer milkvetch were -247, -129, -32, 
and -22 MPa, respectively. For crested wheatgrass, the value was 
obtained by extrapolation of the regression equation because the 
lowest value for percent of seedlings with at least 1 root was 58%. 
Bleak and Keller (1974) also observed that germinating seeds of 
crested wheatgrass were more tolerant to dehydration than those 
of Russian wildrye. 

Pots (20 cm diameter by 20 cm depth) were filled with autoclaved 
sandy loam soil and water was added to increase soil moisture 
content to 15% (approximately field capacity). Fifty germinated 
seeds were planted in each pot and covered first with about 2 mm of 
moist soil, then with a layer of 2 cm of air-dried soil to reduce soil 
surface evaporation rate. At the end of the 20day growth test, 
percentage emergence, shoot and root length, and shoot and root 
weight were determined in the same manner as indicated earlier. 

Randomized complete block designs were employed in both 
experiments and significant differences among means were deter- 
mined by Tukey’s test (Steel and Torrie 1980). A polynomial 
regression was used to determine the effect of water potential on 
root development. 

Germinating seeds of legumes exposed to dehydration treat- 
ments below -59 MPa did not develop roots in most replications 
during the IO-day test. An analysis of variance for both grasses and 
legumes was, therefore, performed only on the root depth and root 
weight data of the first 5 treatments (control, -10, -22, -37, and -59 
MPa). Differences in root depth as well as in root weight per 
seedling caused by species, treatments, and the species X treatment 
interaction were significant (fiO.01) in both growth chamber and 
greenhouse tests. Root depth of the 4 species were nearly the same 
in the control treatment (Table 1). The dehydration treatments, 
however, inhibited the extension of roots in legumes more than in 
grasses. While a water potential of -37 MPa reduced the root depth 
of grasses by 32%, the reduction for the legumes was 74% under 
similar conditions. The results clearly indicated that root extension 
of cicer milkvetch was more adversely affected than that of alfalfa. 

Results and Discussion 

Dehydration Experiment 
Temporary dehydration treatments significantly (P=O.Ol) reduced 

the emergence of seedlings of the 4 species during the N-day test 
under favorable soil moisture conditions (Table 1). The effect of 
dehydration was more drastic on the legumes than on the grasses, 
particularly at more severe conditions. While temporary dehydra- 
tion of -59 MPa had little effect on grasses, it reduced the percent 
emergence of the legumes by about 7%. Very similar trends were 
obtained for the emergence percentages in the growth chamber and 
greenhouse tests. In a similar study with green needlegrass (Stipa 
viridula Trip.), Fulbright et al. (1984) demonstrated that percent 
emergence was zero at -22 MPa. 

Since the grasses did develop roots in almost all treatments and 
replications, 2 additional analyses of variance, including all treat- 
ments, were conducted on the root depth and root weight per 
seedling of the 2 grass species. Differences in root depth and in root 
weight caused by species, treatments, and the species X treatment 
interaction were significant (B.01) in both analyses. It appeared 
that dehydration treatments inhibited root extension in Russian 
wildrye more than it did in crested wheatgrass. 

Root weights per seedling of crested wheatgrass, Russian wild- 
rye, alfalfa, and cicer milkvetch in the -59 MPadehydration treat- 
ment, expressed as the percentage of control treatment, were: 41.9, 
36.6, 28.5, and 42.1, for the growth chamber test, respectively. 
Corresponding data for shoot weights per seedling were 46.1,45.8, 
36.2, and 66.1, respectively. Both average root weight and shoot 
weight per seedling of cicer milkvetch were elevated by the high 
weights of very few superior seedlings that survived the dehydra- 
tion treatment. 

Trends in root development for all species were similar to those In water potentials below -59 MPa, seedling survival of the 
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Table 1. Effects of temporary dehydration treatments (MPa) during seed germhution on subsequent emergence, and root end shoot development of 4 
specks in growth chamber sod greenhouse tests under favorable soil moisture conditions. 

Water 
potential 

Growth chamber test Greenhouse test 
Agropyron Elymus Medicago Astragalus Agropyron Elymus Medicago Astragalus 
desertorum junceus sativa cicer desertorum junceus sativa cicer 

0 90 abl 91 a 
-10 99a 99a 
-22 92 a 95 a 
-31 90ab 93 a 
-59 86 abc 93 a 
-92 74 bed 62 b 
-120 74 bed 62 b 
-160 69d 46 bc 
-220 59d 35 c 

0 92a 
-10 99a 
-22 93 a 
-37 91 a 
-59 86 ab 
-92 73 bc 
-120 71 cd 
-160 66cd 
-220 58 d 

0 
-10 
-22 
-37 
-59 
-92 
-120 
-160 
-220 

0 0.80 a 
-10 0.58 b 
-22 0.49 bc 
-37 0.41 cd 
-59 0.33 de 
-92 0.24 efg 
-120 0.31 def 
-160 0.22 fg 
-220 0.19g 

0 2.55 a 
-10 2.02 b 
-22 1.62 c 
-37 1.33 d 
-59 1.17 de 
-92 0.90 ef 
-120 0.98 ef 
-160 0.82 f 
-220 0.76 f 

9.4 a 9.Oa 
7.6 b 8.2 a 
7.7 b 6.5 b 
6.8 bc 5.1 bc 
6.1 cd 5.2 cd 
4.9 ef 3.9 e 
5.5 de 3.4 e 
4.2 f 2.9 f 
3.8 f 4.2 de 

94a 
99a 
97 a 
94a 
90a 
54 b 
55 b 
36c 
12d 

0.66 a 
0.57 a 
0.34 b 
0.29 bc 
0.24 bed 
0.19 cde 
0.16 de 
0.13 e 
0.16 de 

2.18 a 
1.88 b 
1.30 c 
1.17 cd 
1.00 de 
0.83 e 
0.82 e 
0.75 ef 
0.52 f 

9; a 
82 a 
84a 
36 b 
16 c 
14c 
isc 
6c 
6c 

94a 
86 a 
84a 
28 b 
17bc 
ioc 
12c 
5c 
3c 

10.2 a 
6.9 b 
5.7 b 
3.4 c 
3.7 c 

A 
- 
- 
- 

1.24 a 
0.66 b 
0.52 bc 
0.34 d 
0.35 cd 
- 
- 
- 
- 

3.34 a 
1.86 b 
1.50 bc 
1.08 c 
1.21 c 
- 
- 
- 
- 

Emergence (9%) 
84 93 a 
79a 91 a 
61 b 91 a 
16c 94a 
16c 91 a 
5c 65 b 
6c 71 b 
3c 57 bc 
1C 43 c 

99a 89 a 
96a 83 a 
92a 85 a 
85 a 25 b 
93 a 37 b 
55 b 28 b 
57 b 22 bc 
46bc 8c 
3oc IC 

Seedlings with a root (%) 
83a _ 96a 99a 
79 a 95 ab 91 a 
55 b 94 ab 96a 
15c 94 ab 83 a 
16c 92 ab 94a 
2 de 86 c 46 bc 
4 cde 75 bc 52 b 
3cde 56 cd 32 c 
le 40d 12d 

Root depth (cm) 
9.1 a 7.0 a 6.3 a 
5.1 b 4.8 b 4.1 b 
3.0 c 4.2 b 3.6 bc 
1.7c 3.8 bc 2.9 cd 
1.9 c 3.7 bc 3.0 cd 
- 2.4 de 1.4e 
- 2.9 cd 2.0 de 
- 2.0 de l.Oe 
- 1.6 e 1.4e 

Root weight per seedling (mg) 
1.02 a 0.40 a 0.45 a 
0.62 b 0.26 b 0.33 b 
0.41 bc 0.21 bc 0.19c 
0.50 bc 0.18 bal 0.15 cd 
0.43 c 0.19 bed 0.15 cde 

0.12 de 0.06 f 
- 0.14 cde 0.09 def 
- 0.12 de 0.04 f 
- 0.09 e 0.07 ef 

Shoot weight per seedling (mg) 
2.22 a 1.35 a 1.32 a 
1.67 b 1.12 b 1.18 a 
1.19 b 0.90 c 0.85 b 
1.24 b 0.73 d 0.70 c 
1.47 b 0.75 d 0.70 c 
- 0.57 ef 0.52 d 
- 0.65 de 0.57 c 
- 0.51 ef 0.41 d 
- 0.47 f 0.41 d 

91 a 
82 a 
84 a 
33 bc 
50 b 
36 bc 
25 c 
19c 
17c 

1.3 a 
5.0 b 
2.8 c 
2.2 c 
1.8 c 
- 

- 
- 

0.52 a 
0.42 ab 
0.35 bc 
0.26 c 
0.22 c 
- 
- 
- 
- 

1.23 a 
0.86 ab 
0.79 b 
0.71 b 
1.07 ab 
- 
- 
- 
- 

84a 
10 a 
Mb 
33 bc 
22 cd 
7 de 
3e 
3e 
le 

86a 
76 ab 
63 b 
39 c 
36 c 
12 d 
6d 
6d 
2d 

6.7 a 
3.2 b 
1.1 c 
l.Oc 
1.2c 
- 
- 
- 
- 

0.62 a 
0.40 b 
0.28 b 
0.29 b 
0.35 b 
- 
- 
- 

1.30 a 
1.01 a 
1.28 a 
1.01 a 
1.4Oa 
- 
- 
- 
- 

‘Each value is the mean of eight nplications. Differences caused by species, treatments, and species X treatment interactions wcrc significant in all cases in both the growth 
chamber and the grecnhousc tests. Means within each column followed by a similar letter arc not significantly diRerent (PO.03 
%ccausc of the very low percentage survival of legumes in the last 4 treatments, root depth, and root and shoot weights per seedling were not calculated in these treatments. 

legumes was too low to consider their root and shoot weights as Grass species developed 1 or 2 seminal lateral roots per seedling 
representative of the species. Faster emergence and more vigorous when the roots were excised or the dehydration treatments dam- 
growth resulted in more gain in biomass in alfalfa and crested aged or killed their seminal primary roots. Legume species deve- 
wheatgrass during the IMay growth performance test than in the loped replacement tap roots whenever their root apices were dam- 
other 2 species examined. Dehydration treatments caused a delay aged, killed, or excised. Replacement tap roots in legume species 
in emergence, and probably reduced the growth rate. This may be were either formed as branches or as a continuation of the original 
the explanation for lower gain or more loss of biomass in seedlings tap root, with a distinct reduction in diameter. Alfalfa and cicer 
that were temporarily dehydrated during early germination stages milkvetch had similar patterns of root development, althoughcicer 
than in the control seedlings. 
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Table 2. Effects of root cxcidon and temporary dehydration trutments 
(MPa) during seed germination on subsequent emergence, and root end 
shot growth of 4 species in pots 8t tbe end of e 20&y growtk perfor- 
m8nce test in the greeabouse with aeediings iimited to the initial soii 
water supply. 

Treatment 
Dehyd- 

Excisioni ration 

Species 
Agropyron Elytnus Medicago Astragalus 
desertorum junceus sativa cicer 

0 
+ 0 
+ -22 
+ -92 
+ -160 

0 
+ 0 
+ -22 
+ -92 
+ -160 

+ 8 
+ -22 
+ -92 
+ -160 

0 
+ 0 
+ -22 
+ -92 
+ -160 

0 
+ 0 
+ -22 
+ -92 
+ -160 

Percent emergence (%) 
84 ar 90a 
85 a 88 a 
84a 82a 
64ab 69 ab 
50 b 34b 

Root weight (mg) 
3.6 ar 3.0 a 
2.6 ab 2.0 b 
2.3 bc 1.5 bc 
1.5 cd 1.1 bc 
i.Od 0.1 c 

Shoot weight (mg) 
10.7 a 7.6 a 
8.9 ab 6.2 ab 
7.7 b 4.9 bc 
5.4 c 3.8 c 
4.0 c 3.3 c 

Root length (mm) 
18a 17a 
17ab i6a 
16ab i4a 
13bc 13a 
11 c 9b 

Shoot length (mm) 
22 a 18a 
21 a 18a 
20 ab i6ab 
i8bc 15b 
i6c 13b 

93 a 86a 
90a 70 a 
53 b 18b 
2oc 8b 
14c Ob 

3.3 a 
2.0 b 
1.2 bc 
1.1 bc 
0.9 c 

2.3 a 
1.4 ab 
0.6 bc 
0.8 bc 
0.0 c 

11.2a 
7.6 b 
4.8 c 
4.6 c 
3.2 c 

6.7 a 
4.1 b 
2.1 bc 
2.3 bc 
0.0 c 

16a 
14 ab 
12abc 
10 bc 
9c 

14a 
12ab 
7c 
9 bc 
Od 

ila 7a 
9ab 6ab 
7bc 4b 
7bc 4b 
6c oc 

‘In the excision treatments (+), the entire seminal primary root in grasses and 2.mm of 
the root tip of legumes were removed from germinating seeds before transferring to the 
pots. 
2Each vaue is the mean of 4 replications. Means within each column followed by a 
similar letter are not significantly diffennt (PrO.05). 

milkvetch roots generally formed more branches than did alfalfa 
roots. 

Excision-Dehydration Experiment 
Differences in various characteristics of seedling growth caused 

by species, treatments, and species X treatment interactions were 
all significant (P=O.Ol) except that the species did not respond 
differently to treatments in relation to shoot length. Emergence 
percentages of crested wheatgrass, Russian wildrye, alfalfa, and 
cicer milkvetch, after an excision and temporary dehydration 
treatment at -16 MPa were 50,34,14, and 0, respectively (Table 2). 
Emergence of crested wheatgrass and Russian wildrye decreased 
linearly with a decrease in water potential in dehydration treat- 
ments. In alfalfa and cicer milkvetch, the decrease in emergence 
seemed to be curvilinear, indicating high tolerance to dehydration 
in a few seedlings. 

The survival advantages of seminal lateral roots in crested 
wheatgrass and Russian wildrye, as well as replacement tap roots 
in alfalfa and cicer milkvetch, were contirmed in the dehydration- 
excision experiment, where seedlings were limited to the initial soil 
water supply (about -0.03 MPa) in the pots. The roots which 
developed after excision and dehydration treatment at -160 MPa 

were shorter and probably less effective than the seminal primary 
roots of grasses and original tap roots of legumes. The results of 
excision-dehydration experiment indicate that the effects of dehy- 
dration were more important than the effects of excision in 
impairment of root growth and development. Root lengths and 
root weights of all 4 species were affected more by the combination 
of excision and dehydration treatments than by only the excision 
treatment. 

Shoot and root length of all 4 species as well as shoot and root 
dry weight of the grasses decreased linearly with decreasing water 
potentials in temporary dehydration treatments (Table 2). Shoot 
and root dry weight of the legume species, however, appeared to 
have decreased in a curvilinear manner with decreasing water 
potentials in temporary dehydration treatments. 

The excision treatment simulated the theoretical situation in 
which the only effect of dehydration might be the killing of the 
entire seminal primary root in grasses and the root apex in 
legumes, The excision treatment alone did not cause significant 
reductions in shoot or root lengths of either grasses or legumes, nor 
did it reduce root or shoot weights of grasses, but caused moderate 
reduction in root and shoot weights of legumes. The combination 
of excision and dehydration treatment, however, caused moderate 
to severe reductions in growth parameters of grasses and legumes. 
This combination at -160 MPa, decreased root lengths of crested 
wheatgrass, Russian wildrye, alfalfa, and cicer milkvetch by 39,42, 
44, lOO%, respectively (Table 2). One could rank the 4 species 
investigated for most to least drought tolerant during germination 
stages as follows: crested wheatgrass, Russian wildrye, alfalfa, and 
cicer milkvetch. 

Frequency distribution for rooting depths of the 4 species indi- 
cated great within-species variation among seedlings as affected by 
each dehydration treatment. Even in the more severe dehydration 
treatments, there were a number of seedlings in each species that 
had adequate rates of root elongation. In semiarid zones, such 
plants should be able to extend their roots into moist layers of the 
soil profile ahead of the drying soil front. Frequency distributions 
can be used to determine which dehydration treatments are suit- 
able for screening in a selection program for a given species under 
given environmental conditions. 
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