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Effect of Water Stress on Competition
Between Medicago truncatula and Wheat
in >N Labeled Soil
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Crop mixtures that include legumes increase vield and restore soil fertilirv. These
mixtures are limited by drought, which is frequent in Morocco due to lack of and poor
distribution of rain. However, annual Medicago species are verv important to Sforage
production, and they have a tolerance to water stress. The effect of water stress on N,
Sixation and N transfer by Medicago truncatula cv. Jemalong (medic), when mixed with
wheat (Triticum durum cv. Karim), was investigated in three greenhouse experiments.
Annual medic and wheat were seeded in 20-1 pots in pure and mixed stands. Three
watering treatments were used: 0.9, -1.5, and -2.5 MPu in the first experiment: and
=0.9. =25, and =3.5 MPu in the second and third experiments. Competition betWeen
medic and wheat was affected by hvdric treatments: the medic was more competitive
for soil water than the wheat, especially under severe water stress. Shoor dry weight
of wheat grown with medic was higher than that of wheat grown in pure stands. Medic
alone took up more soil N than wheat alone, while in the mixture, medic took up less
SOl N than wheat. indicating that the mived medic was nor competing for soil mineral
N. Using the "°N dilution technique, it was found thar medic N concentration way
lower than that of the wheat in all treatments, suggesting active N, fixation. Appar-
ently, the medic obtained from 20% to 73% of its N from the atmosphere. depending
on the water regime. The atoms-percent excess '°N in medic decreased significantly in
the mixture, showing higher N, fixation ("N dilution method) than in pure medic.
Mixed medic derived 82% of its N from fixation at severe water stress ( T,) und 92%
ar the control (T,). showing that N, fixation by medic was less affected by water stress
in the mixed stand than in the pure stand. In the first experiment, N transfer was
detected onlv in the control treatment, but in the second and third experiments, transfer
of N was significant (p = 0.05).

Keywords competition. isotope dilution. Medicago truncarula, nitrogen fixation.
water stress

Mixtures of legumes and grasses often give greater dry matter and protein yields without
requiring as high fertilizer N input as grass culture alone (Haynes. 1980). This was
explained by a better competition for the soil N by the nonlegume than the legume plants
(Vallis et al.. 1967). Many other workers attributed the benefit of the mixture to N transfer
from the fixing to the nonfixing plant (Ismajli & Weaver. 1987 Danso et al.. 1993)
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In arid and semiarid areas. water is the greatest limiting factor in crop production.
Therefore, Medicago species bred for drought tolerance must be introduced (Rumbaugh
& Johnson. 1986). Water stress reduces biological nitrogen fixation (Sprent. 1972a), as
nodules have a direct requirement for adequate moisture to maintain nitrogen fixing
activity that is optimum at field capacity (Sprent, 1972b). Extensive research has been
conducted on N management and N, fixation in cropping systems using '>N fertilizers and
the difference method (Henson & Heichel, 1984). Nitrogen balance in a grass-legume
mixture versus pure stands was investigated using the dilution method, and direct transfer
of N from legume to grass was demonstrated (Ismaili & Weaver, 1987).

The isotope dilution method and its limitations and problems are discussed in review
articles (Witty, 1983; Vose & Victoria, 1986). The only requirement of this method is that
the control and the legume take '*N and "*N from the soil in proportion to the N available
(Fried & Broeshart, 1975). The N balance in the mixed systems should be investigated to
improve management techniques. Our objectives in this study were to assess the effect of
different levels of water stress on yield and N accumulation by medic and wheat grown
alone or in a mixture, and to quantify N, fixation and the beneficial effect of annual
medics on wheat.

Materials and Methods

A greenhouse experiment, repeated three times, was conducted in 20-L pots filled with
well-mixed silty clay soil with 29% water holding capacity. Soil chemical characteristics
are pH (H,0) 7.60. organic matter 1.55%, total C 0.25%. total N 0.15%. and availablé P
17.5 ug . ) '

Nitrogen 15 was made available to the plants as ammonium sulfate, ( NH,)-S0,,
enriched with 4.89 atoms-percent excess '*N in solution of distilled water. The N
solution was injected into the pots in very small increments every 3—4 days, | month after
seeding. The injections were made into a tube placed in the center of each pot. The tubes
were filled with sand and cotton and contained many holes to permit diffusion of the '°N
through the entire volume of soil.

Three moisture treatments were maintained by the gravimetric method, and determi-
nation of leaf water potential of the plants was made every 2-3 days with a Wescor HR-33T
microvoltmeter and C-32 sample chamber. Leaf water potential was determined on leaf
discs 5 mm in diameter that were collected from a leaf with a paper punch. Approximately
five discs were placed in a sample holder. The discs were compressed in the holder so that
most of the volume was occupied with leaf material. Equilibration required 5-20 min,
depending on severity of water stress. The junction was cooled for 5 s in the read mode,
which was consistently associated with a plateau in microvolt output. All microvolt
readings were corrected for temperature if they had not been obtained at 25°C. The
psychrometer unit had previously been equilibrated with standard NaCl solutions. All
measurements of leaf water potential were made early in the morning. Two leaf samples
of five discs each were collected from each plant. On sampling dates when watering was
to be resumed. plants were sampled prior to subirrigation, to keep leaf water potential at
the defined level.

The three watering treatments were as follows. Water treatment T, entailed keeping
the moisture potential optimal for plant growth (leaf water potential -0.9 MPa) by regular
irrigation. Water treatment T, allowed plant leat water potential to reach —1.5 MPa in the
first experiment and -2.5 MPa in the second and third experiments. after which the soil
was irrigated to keep the leaf water potential at this level by oscillating around —1.5 MPa
in the first experiment and —2.5 MPa in the second and third experiments. Water treatment
T, allowed plant leat water potential to reach —2.5 MPa in the first experiment and -3.5
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MPa in the second and third experiments, after which the soil was irrigated to keep leaf
water potential at this level. oscillating around —2.5 MPa for the first experiment and -3.5
MPa in the second and third experiments. The stress treatments were mild. as large pots
were used and the soil had a high water holding capacity (29%). The stress treatments
started 60 days after planting (DAP) in the first experiment and 45 DAP in the second and
third experiments.

Three cropping systems were compared: two monocultures and one mixture. Mono-
cultures were continuous wheat (Triticum durum cv. Karim) and continuous medic (Med-
icago truncatula Gaertn. cv. Jemalong). The mixture was a 50:50 mix of wheat and medic.
Wheat and Rhizobium-inoculated medic seeds were planted 28 per pot for all cropping
systems (pure or mixture). This operation was repeated for each new experiment. There
were two experiments per year: one lasting from September to January and the other from
January to May. From May to September the pots were left uncropped in the greenhouse
without disturbing the soil. Before seeding the subsequent crop in experiment 2, the top
I5 cm of soil were carefully mixed, avoiding displacement of the root litter of the previous
wheat and medic of the first experiment. This procedure was repeated for the third
experiment.

Aboveground biomass of all the plants in each pot was harvested for both wheat and
medic at physiological maturity. The samples were oven dried at 70°C for 48 h. weighed
for dry matter yield determinations, and then ground for total N and '*N percent excess
determinations. Total N was measured by Kjeldahl analysis (Nelson & Sommers, 1973).
and "°N was measured with an [sotope Micromass 602 D mass spectrometer (VG [sotopes
Limited) (Porter & O’Deen, 1977). Wheat was used as a reference plant to detéémine
isotopic dilution of the legume plants. Previous experiments indicated that wheat was a
good reference plant for annual medics. To determine legume and wheat N derived from
soil and N, fixation, the isotope dilution method and difference method were used (Talbott
et al., 1982; Henson & Heichel, 1984).

The experiment was repeated three times on the same soils and pots. Data were
analyzed using analysis of variance for a completely randomized design with four repli-
cations. Differences between the means, tested by Duncan’s multiple range test, were
reported significant for p = 0.05.

Biological nitrogen fixation by the legume (%Ngp,) was calculated:

medic atoms-percent excess °N

%Ndfa= b= X 100

wheat atoms-percent excess "N

Nitrogen transfer was expressed as the percentage of wheat shoot N derived from
legumes (%NT) according to the following calculations:

atoms-percent excess "N of wheat in mixture
%NT=|1 - T x 100
atoms-percent excess "N of wheat alone

Results and Discussion

Water treatments affected leaf water potentials of medic and wheat. Treatment T, kept leaf
water potential at -0.9 MPa. After withholding irrigation from the pots, leaf water po-
tential decreased slowly because the soil had a high water holding capacity. Treatment T,
kept leaf water potential at —1.5 MPa and -2.5 MPa. and treatment T, kept leaf water
potential at -2.4 MPa and -3.5 MPa (Figure 1). Using large pots delayed the effect of
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Figure 1. Leaf water potential (—MPa) in the first, second. and third experiments.
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Third experiment
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Figure 1. Leaf water potential (—MPa) in the first, second, and third experiments. (Continued).

stress on the plants. Therefore, in the second and third experiments. we started water stress
treatment 45 DAP. Ismaili et al. (1983) used vermiculite and small pots and obtained
highly stressed plants after withholding water from the pots for a few days.

[n all watering treatments, dry matter production was improved from one experiment
to the next (Table 1). This increase was more apparent for the third experiment, where dry
matter production was 2-3 times higher than that of the first experiment. No fertilizer was
applied during this experiment: thus the N nutrition of the plants became dependent on the
cycle of the soil organic matter mineralization. Only | week separated the end of the first
experiment and the beginning of the second, while a 3-month period came between the
second and third experiments. This rest period allowed time for soil organic matter
mineralization. resulting in a high increase in the dry matter and total N yields in the third
experiment (Table 1).

Water stress treatment did not affect medic and wheat yields in the mixture as it did
in the pure stands (Table 1). The water regime induced greater decrease in dry matter
production of mixed wheat and pure medic than on pure wheat and mixed medic. respec-
tively. Also, in all experiments, the medic water content was affected by the water
treatments in both pure and mixed stands, unlike wheat, which was affected in the mixture
but not in the pure stand. At T, the water content of mixed wheat was less than that of pure
wheat, while water content of mixed medi¢ was similar to that of pure medic. This
indicates that the medic was more competitive for soil moisture than the wheat.

[n the first experiment. mixed wheat yielded more dry weight per plant than pure
wheat, showing that wheat benefited from intercropping (Table 1). Mixed wheat accu-
mulated 2 times more N than pure wheat at T, and T,, indicating that wheat was more
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efficient in competing for soil mineral N than medic and/or that it was benefiting from N
transfer. At T,, wheat yielded only 1.68 times more N than pure wheat. showing that the
beneficial effect of the mixture on wheat was reduced by the severe water deficit. Shoot
dry weight and total N at T,, were lower for mixed medic than for pure medic. But at T,
and T-. dry matter and total N production were similar for mixed medic and pure medic
plants. showing that the medic was less water limited in the mixture than in the pure stand.

In the second and third experiments the dry weight and total N productions of both
medic and wheat in the mixture were higher than their respective pure stands. indicating
that the mixture favored the two species. This can be explained by better soil conditions
in the second and third experiments than in the first one. consequently reducing the
competition between the medic and wheat.

Percent '’N enrichment was lower in medic than in wheat in all water treatments
(Table 2), indicating N, fixation by medic. In our study, nitrogen fixation was measured
by the difference method and the isotope dilution method (Table 3). The difference
method gave higher estimates than the isotope dilution method. Nevertheless, results of N
derived from soil (Table 4) indicated that the medic was more efficient than wheat in soil
N uptake. The N difference method requires that both crops absorb equal quantities of N
from the soil (Weaver, 1986). In our work this is not the case. and the difference method
overestimated N, fixation. The '’N method provided more accurate estimates of N, fixed.
as was reported by Rennie et al. (1978). The main assumption in this method is that the
reference plant and the legume plant utilize the same isotope ratio of '>N and "*N from the
soil. Tt is not necessary that they take up the same quantity of N from the soil. In pot
experiments, as in our study, the root systems of nonfixing and fixing plants samgle the
same soil volume. We ensured a uniform distribution of '*N in the soil by adding the '*N
solution in small increments to keep the concentration of N in the soil constant through-
out the experiment. Ismaili and Weaver (1986) utilized labeled plant material as a fertilizer
source to accomplish this objective. Depending on the water regime, pure medic obtained
from 73% (at T,) to 20% (at T,) of its N from the atmosphere (Table 3), showing that
water stress reduced N, fixation by medic. Water stress reduced photosynthesis. and this

Table 2
Shoot atoms-percent excess '°N of the medic and wheat grown either in pure or mixed
stands during three experiments

Experiment | Experiment 2 Experiment 3

Treatment Pure Mixed Pure Mixed Pure Mixed
Medic .

Ty 0.0431 0.0135 0.0509 0.0475 0.1240 0.1232

T 0.0912 0.0167 0.0582 0.0575 0.1297 0.1210

T, 0.1153 0.0254 0.0834 0.0663 0.1382 0.1290
LSDy os 0.0120 0.0040 0.0234 0.0092 0.0086 NS
Wheat )

To 0.1597 0.1478 0.1307 0.1156 0.1363 0.1105

T, 0.1503 0.1736 0.1508 0.1337 0.1288 0.1104

T, 0.1434 0.1703 0.1554 0.1357 0.1293 0.1092
LSDy s NS 0.0101 0.0203 NS NS NS

LSD. least significant difference: NS. not significant.
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Table 3
Comparison of the isotope dilution and difference methods for measuring N, fixed
Pure medic ) )
Mixed medic
[sotope dilution Difference method [sotope dilution
Ndl’u Ndﬁl Nd('u
Treatment (mg/plant) TN yra (mg/plant) GeN yra (mg/plant) %N 41
Ty 36.9 73.0 394 78.3 352 91.3
T, 15.6 393 29.7 752 34.1 88.9
Al 07.3 19.6 28.8 76.9 28.3 82.2
LSDy s 5.l 8.4 32 2.0 32 3.0

N,y amount of N, fixed: %N_,,, proportion of Ny fixed: LSD, least significant difference.

resulted in inadequate carbohydrate supply to the nodule and decreased nitrogen fixation
(Chu & Robertson, 1974: Ruegg & Alston, 1978).

The atoms-percent excess 15N was lower in the mixed medic than in the pure medic
(Table 2). indicating higher N, fixation (Table 3). At T, pure medic and mixed medic
fixed similar quantities of N, but at T, and T, this amount was much smaller in the pure
stand than in the mixed crop. indicating again that the medic was less water limited in the
mixed than in the pure stand.

In all water treatments. wheat took up more soil N when mixed than in pure form.
Medic took up more soil N than wheat when grown separately (Table 4). However, soil
N uptake was reduced in medic and increased in wheat when both species were grown
together. Nitrogen uptake was higher in mixed wheat than in mixed medic, showing a
reverse situation to the pure crops. Higher competitiveness of grasses than legumes for soil

Table 4
Proportion and amount per plant of N derived from soil and fertilizer in experiment |
by medic and wheat under watering treatments Ty, T). and T,
Ndf.\ Ndl'l'
(mg/plant) PN g (mg/plant) DeN yir

Treatment Pure Mixed Pure Mixed Pure Mixed Pure Mixed

Medic
To 13.1 3.2 26.1 8.2 0.44 0.11 0.88 0.28
T, 23.2 4.1 58.8 10.8 0.73 0.13 1.86 0.34
T, 29.2 5.9 78.0 162 0.88 0.17 2.35 0.52
LSDy s 03.1 0.8 8.2 2.9 0.09 0.02 0.26 0.09
Wheat
To 10.6 18.3 96.7 89.6 0.36 0.62 35 3.0
14 9.5 18.5 496.9 96.4 0.30 0.68 3.1 3.6
T, 8.3 13.9 97.1 96.5 0.25 0.50 2.9 35
LSDy s 1.0 L7 NS 0.3 0.06 0.06 NS 0.2

N, amount per plant of N derived from soil; %N,,.. proportion of N derived from soil: N
amount per plant of N derived from fertilizer; %N, proportion of N derived from fertilizer: LSD.
Jeast significant difference: NS. not significant.
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Table 5
Percent of wheat N transferred from the*medic during the three experiments
Treatment Experiment | Experiment 2 Experiment 3
Ty 7.2 1.5 18.9
T, 0 [ii-3 14.3
T, 0 127 155
LSDy 5 2.5 NS NS

LSD. least significant ditference: NS. not significant.

N uptake in mixed stands was found by other workers (Davidson et al.. 1986: Morris &
Weaver, 1987). The amount of N derived from soil increased in mixed and pure medic.
and decre%ed in mixed and pure wheat with water deticiency (Table 4).

The "*N enrichment in mixed and pure medic (Table 2) increased from one experi-
ment to the next. probably due to a high soil N availability. which resulted in a decrease
in nitrogen fixation. However, atoms-percent excess '°N in mixed wheat decreased from

experiment | to 3 due to the uptake of "*N from decomposing legume root material.

[n the first experiment. the wheat grown with medic had lower atoms-percent excess

"N than wheat grown alone (Table 2). The dilution of 'SN in mixed wheat showed that
about 7% of mixed wheat total N came from transter of legume fixed N (Table 3).
However. there was no evidence of N transfer in T, and T-. In the second and third
experiments. however. N transfer was detected at all water treatments and was higher than
that obtained in the first experiment (Table 5). This supports the view that the relelise of
N from breakdown and decomposition of dead legume tissues is the main process in-
volved in nitrogen transfer from legume to associated grass (Henzell & Vallis. 1977:
Goodman, 1988: Mallarino et al.. 1990).

Conclusion

Mixtures of legumes and grasses show a higher tolerance to drought. The legume com-
petes better for water, continues to fix N, from the air. and contributes to N nutrition of
the grass. Legume-grass mixtures are good for alternative cropping systems in tropical
agriculture and arid environments. The data allowed us to quantify the competition for
water and soil N between the legume and the grass and showed N transfer and mutual
beneficial effects of the two species in mixture. Those findings also apply to field con-
ditions.

References

Chu. A. C. P.. and A. G. Robertson. 1974. The effect of shading and defoliation on nodulation and
nitrogen fixation by white clover. Plant und Soil 41:509-519.

Danso. S. K. A.. F. Palmason. and G. Hardarson. 1993. Nitrogen fixation in fababeans as affected
by plant population density in sole or intercropped systems with barley. Soil Biology and
Biochemistry 25:1135-1137. L)

Davidson. [. A.. M. J. Robson. and D. S. H. Drennan. 1986. Effect of temperature and N supply on
the growth of perennial ryegrass and white clover. 1: Carbon and N economies of mixed swards
at low temperature. Annals of Botany 37:697-708.

Fried. M.. and H. Broeshart. 1975. An independent measurement of the amount of nitrogen tixed by
a legume crop. Plant and Soil 43:707-711.



408 J. Ibijbijen and M. Ismaili

Goodman. P. J. 1988. Nitrogen fixation. transter and turnover in upland and lowland grass-clover
swards, using '*N isotope dilution. Plant-and Soil 112:247-254.

Haynes, R. J. 1980. Competitive aspects of the grass-legume association. Advances in Agronomy
33:227-261.

Henson, R. A.. and G. H. Heichel. 1984. Dinitrogen fixation of soybean and altalfa: Comparison of
the isotope dilution and ditterence method. Field Crops Reseurch 9:333-346.

Henzell, E. F.. and 1. Vallis. 1977. Transfer of nitrogen between legumes and other crops. pp. 73-88.
in A. Ayanaba and P. J. Dart, eds.. Biological nitrogen fixation in farming svstems of the
tropics. John Wiley. New York.

[smaili. M., D. D. Briske, and R. W. Weaver. 1983. Nitrogen fixing activity of water stressed siratro.
Agronomy Journal 75:649-653.

Ismaili, M.. and R. W. Weaver. 1986. Competition between siratro and kleingrass tor '*N labelled
mineralized nitrogen. Plant and Soil 96:327-335.

Ismaili. M., and R. W. Weaver. 1987. Nitrogen transter from siratro to kleingrass: Competition for
mineral nitrogen and isotopic fractionation. Agronomy Journal 79:188-192.

Mallarino, A. P., W. F. Wedin, C. H. Perdomo. R. S. Goyenola, and C. P. West. 1990. Nitrogen
transter from white clover, red clover. and birdsfoot trefoil to associated grass. Agronomy
Journal 82:790-795.

Morris, D. R.. and R. W. Weaver. [987. Competition for nitrogen-15 depleted ammonium nitrate
and nitrogen fixation in arrowleaf clover-Gult ryegrass mixtures. Soil Science Sociery of
America Journal 51:115-119.

Nelson. D. A.. and L. E. Sommers. 1973. Determination of total nitrogen in plant material. Agron-
omy Journal 65:109-112.

Porter. L. K.. and W. A. O'Deen. 1977. Apparatus for preparing nitrogen from ammonium chloride
for nitrogen-15 determination. Annals of Chemistry 49:514-516. :

Rennie. R. J.. D. A. Rennie. and M. Fried. 1978. Concepts of '°N usage in dinitragen-ﬁxation
studies. pp. 107-113. in Isoropes in biological dinitrogen fixarion. International Atomic Energy
Agency. Vienna.

Ruegg. J. J.. and A. M. Alston. 1978. Seasonal and diurnal variation of nitrogenase activity (acet-
ylene reduction) in barrel medic (Medicago truncatula Gaertn.) grown in pots. Australian
Journal of Agricultural Research 29:951-962.

Rumbaugh. M. D.. and D. A. Johnson. 1986. Annual medics and related species as reseeding
legumes for northern Utah pastures. Journal of Range Management 39:52-58.

Sprent. J. [. 1972a. The etfects ot water stress on nitrogen fixing root nodules. [I: Effects on the fine
structure of detached soybean nodules. New Phvtologist 71:443—50.

Sprent, J. 1. 1972b. The eftects of water stress on nitrogen fixing root nodules, [V: Effects on whole
plants of Vicia fuba and Glvcine max. New Phytologist 71:603-611.

Talbott. H. J., W. J. Kenworthy. and J. O. Legg. 1982. Field comparison of the nitrogen-13 and
difference methods of measuring nitrogen fixation. Agronomy Journal 74:799-804.

Vallis, I.. K. P. Haydock. P. J. Ross. and E. F. Henzel. 1967. Isotopic studies on the uptake of
nitrogen by pasture plants. Australian Journal of Agricultural Research 18:865-877.

Vose. P. B.. and R. L. Victoria. 1986. Re-examination of the limitations of nitrogen-15 isotope
dilution technique for the field measurement of dinitrogen fixation, pp. 23-39. in R. D. Hauck
and R. W. Weaver, eds.. Field measurement of dinitrogen fixation and denitrification. ASA
special publicarion 18. ASA. CSSA. and SSSA. Madison. Wisconsin.

Weaver, R. W. 1986. Measurement ot biological dinitrogen fixation in the field. pp. [-10. inR. D.
Hauck and R. W. Weaver. eds.. Field measurement of dinitrogen fixation and denitrification.
ASA special publication 18. ASA, GSSA. and SSSA. Madison, Wisconsin.

Witty. J. F. 1983. Estimating N,-fixation in the field using '*N-labelled fertilizer: Some problems
and solutions. Soil Biology and Biochemistry 15:631-639.




Arid Soil Research and Rehabilitation, Volume 9. pp. 409422 0890-3069/95 S10.00 + .00
Printed in the UKL Al rights reserved. Copyright © 1995 Taylor & Francis

Cattle Dungpat Microenvironmental Effects
on Germination and Establishment
of Crested Wheatgrass
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A greenhouse study was conducted to determine the effects of ambient environmental
conditions on cattle dungpat temperature, moisture, and crust formation dvaamics,
which in turn, influence ingested/passed-seed germination and plant establishment at
different locations in dungpats. **Hvcrest'" crested wheatgrass [ Agropyron desertorum
(Fisch. ex Link) Schult. x A. cristatum (L.) Gaert.] was used uas a representative
revegetation species for the Great Buasin region of the western United States. After
collecting feces from Holstein steers that had each been fed 60.000 seeds of crested
wheatgrass. uniform dungpats were prepared and placed on loam and coarse sand soil
rypes. in containers, under three initial watering treatments (field capaciry. one-half
field capacity, and no water). Dungpat and under{ving soil microenvironmental factors
were monitored over a 14-week period. Dungpat moisture and temperature conditions
were favorable for germination during the first 4 weeks. but rapid crust development
prevented most of the developing seedlings from emerging from the dungpats. Seedling
emergence and development were greater at the periphery than at the interior of the
dungpats, and greater on the underlying loum soil at one-half field capaciry or higher
than on the underlving sandv soil at similar moisture contents. Seedlings developing
in dungpats on drier soils did not survive; however. some remaining ungerminated seeds
in dungpars could germinate at a later date if ambient environmental conditions became
more favorable.

Keywords Agropyron desertorum x A. cristatum, crusting, moisture dynamics.
revegetation, seed dispersal. seedling recruitment. temperature dynamics
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