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Highlight 

Three annual forage legumes, apparently differing in 
their drought resistance in the field, were grown in con- 
trolled environments to better understand mechanisms of 
their drought resistance and to determine relationships 
between phosphorus nutrition and drought. Phosphorus 
fertilization stimulated growth of the annual legumes and 
decreased water use (ml/g dry weight of top growth). 
Relative top growth and phosphorus uptake of Spanish 
clover tended to confirm observations of its drought resis- 
tance in the field. Water use was higher in Spanish clover 
than in subterranean clover and therefore does not appear 
to contribute to its drought resistance. This study provides 
information that will be helpful in future research on the 
morphological and physiological traits that contribute to 
drought resistance in these and other range plants. 

Annual legumes apparently differ in their adap- 
tation to arid conditions. Mt. Barker subterranean 
clover (Trifolium subterraneum L.) is well adapted 
to the moist coastal range of California. Rose 
clover (Trifolium hirtum All.) is better adapted 
and often more productive than subterranean 
clover in the semi-arid central valley of California. 
Subterranean and rose clover usually complete 
their life cycle before summer drought and high 
temperatures, but Spanish clover (Lotus pursh- 
ianus [Benth.] Clements & Clements) often con- 
tinues vegetative and reproductive growth during 
the dry summer months. 

A study was established under controlled condi- 
tions to better understand drought resistance in 
these annual legumes and to determine the role 
that phosphorus might play in their response to 
soil moisture stress. 

Drought resistance in plants includes 2 compo- 
nents-avoidance and tolerance (Levitt, 1964). 
Drought avoiding plants escape drought by means 
of deep root systems, water storage, or low tran- 

l Cooperative study of Crops Research Division, Agricul- 
tural Research Service, U. S. Department of Agriculture, 
and the University of California, Davis. 

2 Formerly Plant Physiologist, Crops Research Division, 
Agricultural Research Service, U. S. Department of Agri- 
culture. 

spiration. Drought tolerant plants lose water from 
their tissues in dry environments and yet are able 
to (1) survive, or (2) continue growth, develop- 
ment, and metabolism. 

Since in this study moisture stress in plant tissues 
was not measured, the more general term drought 
resistance is used. Nevertheless, it is realized that 
annual legumes, growing in pots in small volumes 
of soil, have little opportunity for drought avoid- 
ance. 

This study concerns the ability of annual 
legumes to continue growth in dry environments 
rather than their ability to survive in dry environ- 
ments. 

Materials and Methods 

A dilute solution of H3P04, in amounts equiva- 
lent to 0, 44, or 175 lb P/acre, was thoroughly 
mixed with 550 g of Auburn silty clay loam, a 
phosphorus deficient soil (McKell et al., 1962). 
Six germinated seeds were planted in the soil and 
were allowed to grow through small holes in the 
container lid. Cotton was placed in the hole 
around each plant to minimize evaporation from 
the soil. During a 25-day period for seedling 
establishment, plants were grown in a greenhouse 
at a soil moisture stress below 1 atmosphere. Plants 
were then transferred to a controlled environment 
with a light intensity of 1000 ft-c, day length of 
16 hr, temperature of 2 1 C, and relative humidity 
of 60 to 80% during the day and 80 to 95% during 
the night. At the same time, soil moisture regimes 
of 1, 3, and 15 atmospheres were established. A 
calibration curve relating soil moisture percentage 
to soil moisture stress was prepared by the pressure 
membrane method (Richards, 1947). The con- 
tainers in which plants were growing were weighed 
twice daily and the soil moisture percentage was 
calculated by using the total weight and the known 
weights of the soil and container. When soil mois- 
ture decreased to the percentage corresponding to 
1, 3, or 15 atm, water was added to increase soil 
moisture to the percentage corresponding to 0.3 
atm (approximately field capacity). The amount 
of water added at each irrigation was recorded. 
After 6 weeks of growth under the 3 moisture 
regimes, top growth was harvested and roots were 
washed from the soil. 

The experiment was conducted with 4 replica- 
tions. Statistical comparisons were made by using 
the Duncan multiple range test. Plant material 
from the 4 replications was pooled for the deter- 
mination of total phosphorus in tops and roots. 

Results and Discussion 

Soil Moisture Regimes.-The maximum mois- 
ture stress reached before irrigation and the dura- 
tion of moisture stress levels which restrict growth 
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FIG. 1. Drying cycles of plants fertilized with 44 lb P/acre and 
held in the 1, 3, and 15 atmosphere soil moisture regimes, 
including all 3 annual legumes. Points on lower side of curves 
represent average dates of irrigation and average soil moisture 
percentages prior to irrigation. Assumption of a linear loss of 
soil moisture with time was made in plotting the data. Hori- 
zontal broken lines indicate soil moisture percentages corre- 
sponding to a soil moisture stress of 0.3, 1, 3, and 15 atmo- 
spheres. 

need to be considered in the interpretation of 
plant growth in response to a series of drying 
cycles. Fig. 1 gives the drying cycles of plants 
fertilized with 44 lb P/acre and held in the 1, 3, 
or 15 atm regimes. The maximum soil moisture 
stress to which plants were subjected was approxi- 
mately constant within each moisture regime. 
However, because of increased top growth and 
transpiration, the duration of a single drying cycle 
decreased as the experiment progressed. When 
compared with plants in the 44 lb P/acre treat- 
ment, small plants in the 0 lb P/acre treatment 
required less frequent irrigation and large plants 
in the 175 lb P/ acre treatment required more 
frequent irrigation (Table 1). 

The performance of species growing in moisture 
regimes can be validly compared if the regimes 
and frequencies of irrigation are similar. In this 
study the similarity of moisture regimes of the 3 
annual legumes, particularly in treatments receiv- 
ing 44 and 175 lb P/ acre (Table l), permits mean- 
ingful comparisons of their responses to drought. 

The detailed illustration of top and root growth, 

Table 1. Number of times annual legumes were irrigated 
during a 6-week exposure to 3 moisture regimes. 

Moisture 
regime 

Spanish 
clover 

p175 *44 PO 

Rose 
clover 

PI75 p44 PO 

Subterranean 
clover 

*175 p44 PO 

1 atm 54 48 18 54 49 16 56 48 24 
3 atm 18 16 5 17 15 6 15 16 8 

15 atm 542 662 542 

Spanish 

Clover 

Sublerraneon 

aover 

m 

/ 

Ferl~l~zer Phosphorus (lb/acre) 

FIG. 2. Top and root growth, phosphorus uptake, and water use 
of annual legumes in response to soil moisture regimes and 
phosphorus fertilization. 

phosphorus uptake, and water use is given in Fig. 
2. Statistical evaluations of relationships between 
species, moisture regimes, and phosphorus fertiliza- 
tion are presented in the tables. 

Plant Growth.-Spanish clover was lowest and 
subterranean clover was highest in top growth 
production in the 1 atm regime (Table 2). In the 
3 and 15 atm regimes, top growth of the 3 annual 
legumes did not differ significantly. 

Comparisons of relative top growth of plants in 
the 1 and 3 atm regimes suggest that the growth 
of Spanish clover was inhibited less by moderate 

Table 2. Top growth (g/pot dry weight) of 3 annual 
legumes in response to 3 moisture regimes.l 

Moisture 
regime 

Spanish 
clover 

Rose 
clover 

Subterranean 
clover 

1 atm 
3 atm 

15 atm 

2.32’ 2.65” 3.11” 
1.75” 1 .83d 2.04’d 
0.89” 0.89” 1.11” 

1 These data include all 3 phosphorus fertilization treatments. 
Numbers having the same letter in the superscript do not differ 
significantly at the 5% level. 
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Table 3. Relative top growth (percentl) for 3 annual Table 5. Phosphorus uptake on an absolute basis and on 
legumes as influenced by moisture regime. a relative basis by species. 

Spanish Rose Subterranean 
clover clover clover 

Moisture 
regime p175 p44 PO p175 p44 PO p175 p44 PO 

1 atm 100 91 25 100 71 17 100 72 33 
3 atm 78 69 16 64 52 17 57 57 22 

15 atm 38 38 9 38 36 5 28 22 9 

l Values given are in relation to yields of plants fertilized with 
175 lb P/acre and held in the 1 atm regime. 

Moisture 
regime 

Spanish 
clover 

PI75 “44 PO 

Rose 
clover 

p175 p44 PO 

Subterranean 
clover 

Pl75 ‘44 I’0 

Total P uptake, mg/potl 
1 atm 8.4 7.1 1.9 14.5 8.3 1.9 18.2 7.3 2.9 
3 atm 7.7 8.4 1.7 7.4 6.0 1.5 5.9 6.2 2.1 

Relative P uptake ((ro) 
I atm 100 85 23 100 57 13 100 40 16 
3 atm 92 100 20 51 41 10 32 34 12 

stress than the growth of rose and subterranean 
clover (Table 3). 

1 Total P in roots and tops. 

In the 1 atm regime, the average top growth of 
the 3 annual legumes increased with each increase 
in phosphorus (Table 4). In the 3 and 15 atm 
regimes, the application of 175 lb P/acre did not 
produce greater top growth than 44 lb P/acre. 

The pattern of root growth response to moisture 
stress for the 3 annual legumes was essentially 
similar. The application of 44 lb P/acre increased 
root growth in all 3 moisture regimes (Table 4). 
But the application of additional phosphorus did 
not result in a further increase in root growth. 

Phosphorus Uptake.-Subterranean and rose 
clover apparently have a greater ability than 
Spanish clover to absorb phosphorus in the 1 atm 
regime, but do not maintain this superiority in 
the 3 atm regime (Table 5). Comparisons of rela- 
tive phosphorus uptake by plants fertilized with 
175 lb P/acre and held in the 1 or 3 atm regimes 
showed that moisture stress reduced phosphorus 
in Spanish, rose, and subterranean clover by 8, 49, 
and 68%, respectively. 

More efficient water use in the 3 and 15 atm 
regimes than in the 1 atm regime suggests that 
during moderate stress, transpiration is reduced 
more than photosynthesis. This more efficient use 
in dry regimes might not occur in field conditions 
because evaporation from the soil contributes to 
total evapotranspiration. 

The ability of Spanish clover to continue growth 
during dry summer months is not explained by 
more efficient water use (Table 6). Spanish clover 
apparently possesses some other means of avoiding 
drought. 

Water Use.-Efficient water use by fertilized 
annual legumes (Table 6) suggests that phosphorus 
increased photosynthesis per unit leaf area more 
than transpiration per unit leaf area. In experi- 
ments where moisture was not a limiting factor, 
Watson (1947) showed that phosphorus deficiency 
reduced net assimilation rate in barley and man- 
golds during the period when leaf area was increas- 
ing. 

Drought Resistance .-The stimulation of growth 
by phosphorus fertilization in the drier regimes 
does not necessarily mean that phosphorus en- 
hances the drought resistance of annual legumes. 
Supplying phosphorus certainly results in more 
rapid root and top growth during the portion of 
the drying cycle when moisture is favorable. Also, 
rapid recovery of plants from the effects of mois- 
ture stress may be assisted by phosphorus fertiliza- 
tion. But it is uncertain whether plants having 
adequate phosphorus would continue growth 
under drier conditions than phosphorus deficient 
plants. 

Moisture stress has been shown to seriously 
disturb the metabolism of phosphorus-containing 
nucleic acids in tomato (Gates and Bonner, 1959), 
corn (West, 1962), and sugar beet (Shah and 
Loomis, 1965). Concentrations of phosphate esters 

Table 4. Effects of phosphorus fertilization and moisture 
regime on top and root growth (g/pot dry weight) of 
annual legumes. 

Table 6. Effects of main treatments on water use (ml/g 
dry weight of top growth).l 

Moisture 
Top growth1 Root growth1 

regime p175 p44 PO p175 p44 PO 

1 atm 3.97” 3.0gb 1.01” 1.19” 1.10” 0.43cd 
3 atm 2.61’ 2.35’ 0.71” 0.8gb 0.82b 0.32d 

15 atm 1.37d 1 .20de 0.32’ 0.49” 0.49” o.17e 

l Data include all 3 annual legumes. Values having the same 
letter in the superscript do not differ significantly at the 5% 
level. Separate statistical comparisons are made for top and 
root growth. 

Phosphorus 
treatment2 

Pl75 p44 PO 

Moisture 
regime3 Species4 

1 3 15 Spanish Rose Sub. 
atm atm atm clover clover clover 

396” 416” 573b 531” 455b 398” 501” 473” 411h 

l Statistical comparisons are made within each main treatment. 
Values having the same letter in the superscript do not differ 
significantly at the 5% level. 

2 Includes all species and moisture regimes. 
3 Includes all species and phosphorus treatments. 
4 Includes all moisture regimes and phosphorus treatments. 
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drop to low levels in wilted subterranean clover 
plants (Wilson and Huffaker, 1964). Research is 
needed to learn whether phosphorus deficiency 
intensifies these injurious effects of drought. 

In studies of drought resistance, comparisons of 
performance on a relative basis may be more 
meaningful than on an absolute basis. In this way 
the performance of a species under drought is 
compared with its own performance under favor- 
able moisture. Top growth (Table 3) and phos- 
phorus uptake (Table 5), on a relative basis, suggest 
that Spanish clover possesses greater drought resis- 
tance than rose and subterranean clover. However, 
this evidence of drought resistance in Spanish 
clover must be considered as being preliminary. 
Additional work is needed to clearly establish its 
resistance and to discover the morphological and 
physiological traits that contribute to its resistance. 
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Highlight 

Yearling cattle gained weight satisfactorily on cheatgrass 
range under rotational (moderate) and continuous (mod- 
erate and heavy) grazing systems during a S-year study. 
This study was designed to determine effects of these sys- 
tems on the rangeland-not on individual plant species. 
Assignment of these systems to different pastures each year 
precluded evaluation of long-term vegetal response to the 
treatments. Weight gain was greatest in late spring. Graz- 
ing capacity of the range and cattle gain per acre increased 
through the summer, then declined. Yearly variation in 
production of forage and beef was apparently due to 
weather. Grazing capacity and beef production increased 
under continuous heavy grazing, but possible vegetation 
changes not evaluated in this study make heavy grazing 
undesirable. 

The maintenance or improvement of cheatgrass 
range, and efficient use of the vegetation, is an 
important goal of range management in the Inter- 

l Dr. Klemmedson is now Professor of Range Management, 
Department of Watershed Management, University of Ari- 
zona, Tucson. 

mountain and Columbia basins. In 1960 the 
Bureau of Land Management, U. S. Department of 
the Interior, and the Intermountain Forest and 
Range Experiment Station, Forest Service, U. S. 
Department of Agriculture, began a cooperative 
research project to explore ways to improve man- 
agement of cheatgrass ranges. One of many objec- 
tives of this research is to measure livestock gains 
and grazing capacities on cheatgrass range. This 
information is essential for management planning. 
In this paper we report the results of studies relat- 
ing cattle gain and grazing capacity to season of 
use under rotation and continuous grazing. At 
the outset, it should be emphasized that the range- 
land dominated by cheatgrass (Bromus tectorum 
L.)2, and not the plant itself, was the subject of this 
study. 

Cheatgrass range occurs widely in the Inter- 
mountain and Columbia basins and supports large 
numbers of livestock. In this region, cheatgrass 
range provides the bulk of spring grazing for all 
classes of stock and is especially important as spring 
lambing range. Hull and Pechanec (1947) con- 
sidered cheatgrass the most important forage plant 
in southern Idaho, mainly because it dominates 
such a large area, but many associated species are 
seasonally or periodically valuable forage, depend- 
ing on weather cycles and other factors. 

Despite the acknowledged importance of cheat- 
grass range, little is known of its forage value. In 
Nevada, Fleming et al. (1942) found that cattle 

2 Plant names follow those published by R. J. Davis, Flora 
of Idaho, 828 p. Dubuque, Ia.: Wm. C. Brown Co. 1952. 


