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Legumes were an important source of
nitrogen in crop rotations in the United
States before World War II, until agricul-
ture came to rely on nitrogen fertilizers
produced from oil products. A renewed
interest in nitrogen-fixing legumes in re-
cent years, however, has led to a program
to reevaluate berseem clover for use as a
winter forage (green chop and/or silage)
and as a green manure plant.

Berseem, a winter and spring annual,
is thought to have originated in the Middle
East. Today the country of greatest use is
Egypt, where berseem is grown on nearly
4 million acres as a winter forage or
green manure crop, usually preceding
cotton or summer vegetables. Most mod-
ern-day berseem varieties can be traced
to one of the Egyptian landraces:
Miscawi, Saidi, and Fahl. These represent
the three general types of berseem, based
on stem branching. Miscawi is a basal or
crown branching type that can be cut five
or six times during its growing season.
Fahl is a stem branching {ype and can be
cut only once. Saidi is both basal and stem
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branching and can be cut only two to
three times during the growing season.
Berseem was introduced into Califor-
nia as early as 1896, into Texas by 19186,
and into Florida by 1950. Despite early
expectations, however, it performed spo-
radically in all of these areas. Based on
prior work in North Africa by the senior
author, we decided that berseem was wor-
thy of a second chance because of its

At trials in Davis, California, berseem clover
was hand-harvested as many as six times
during the winter-spring growing season.

superior strains that are now available
commercially.

Berseem strain and variety introduc-
tions were made during the fall of 1981,
and since 1982, we have conducted field
trials in northern California at the Uni-
versity of California, Davis, in southern
California at California Polytechnic Insti-
tute, Pomona, and in Mexico at the Uni-
versity of Baja California, Mexicali. Their
purpose has been to assess forage produc-
tion and the nitrogen-fixing potential of
some of the multiple-cut varieties under
supplemental irrigation.

Variety trial, Davis, 1982-83

The first Davis trial was established on
October 1, 1982. The berseem clover en-
tries Multicut (formerly called Burton),
Sacromonte, and Tunisian common were
planted after the seeds were pellet-inocu-
lated with Rhizobia. Annual ryegrass was
also planted as a check on nitrogen fix-
ation. No fertilizer was used in this or sub-
sequent Davis trials, since they were all
conducted on Reiff fine sandy loam, a
deep, well-drained, fertile soil with neu-
tral pH.

Supplemental sprinkler irrigation was
used in the fall for seedling establishment
and again in the spring after the winter
rains stopped. Annual rainfall averaged
24 inches at Davis during these experi-
ments; less than 10 percent of the rain
occurred during the six-month dry season
of April through October.

Plots were harvested when the ber-
seems were 16 to 20 inches high, and dry
matter production and nitrogen concen-
tration in the forage measured. Nitrogen
fixation was estimated by the difference
method; that is, the amount of nitrogen
uptake into the harvested tops of the rye-
grass was subtracted from that in each
berseem entry to give nitrogen fixed.

Five harvests were made, from Janu-
ary 21 to July 13, 1983 (table 1). Multicut
significantly outyielded the other entries
at 11,000 pounds per acre of dry matter,

The high yield, protein content, and nitrogen-fixing
ability of new varieties make berseem an excellent
candidate for forage in some areas of the state.
Foundation seed will be available this fall.

large forage production and nitrogen-fix-
ing ability.

Seed inoculation with the nitrogen-fix-
ing Rhizobium bacterium is necessary.
Exploration for Rhizobium strains in Tu-
nisia by J. C. Burton (former Research
Director, Nitragin Company) in 1981 re-
sulted in the development of significantly

and it had an average crude protein con-
tent of 21 percent (nitrogen percentage
times 6.25). Ryegrass produced 6,900
pounds per acre with average protein con-
tent of 10 percent.

Nitrogen fixation by the top-yielding
variety, Multicut, was estimated at 236
pounds per acre.
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Berseem clover description

Berseem clover, Trifolium alexan-
drinium L., also called Egyptian clo-
ver, is an erect-growing, non-reseeding
annual legume with oblong, slightly
hairy leaflets lacking a watermark. It
has hollow stems and a short taproot.
When it reaches a height of 16 to 20
inches, buds from 1 to 2 inches long
develop, initially from nodes for the
cotyledons and first two leaves, and
the crop is ready for harvest. The mul-
tiple-cut varieties can be harvested
five or six times at four-week intervals
from January or February until June
or July. The first three cuttings are
made in the vegetative stage, the later
harvests during bloom, beginning in
May. -

Flowers are yellowish white, self-
sterile, and clustered in dense ellipti-
cal heads about 1 inch long. Each
floret produces one roughly spherical,
yellow seed. Flowering begins in May
under the above cutting regime, and
seed is ripe by late July. Seed produc-
tion is abundant. Seed weight averages
200,000 seeds per pound.

Production practices

Seed is planted at 15 to 20 pounds
per acre in a prepared seedbed in the
early fall, in the same way as alfalfa is
planted. The irrigation schedule should
also follow that of fall-planted alfalfa.
The seed should be pellet-inoculated
with Rhizobia before plantings; inocu-
lum specific to berseem clover is
available commercially. Fertilizer

needs are similar to those of alfalfa.
Berseem clover tolerates moderate sa-
linity and moderate periods of water-
logging in the soil. It is a fairly strong
competitor with winter weeds during
establishment, and by the third cutting
is often weed-free.

Seed of two varieties is available
commercially in California—Multicut
(formerly called Burton) and Bigbee.
Foundation seed of Multicut is avail-
able for fall planting in 1987. Bigbee, a
winter-hardy type, is readily avail-
able, but it suffered a yield disadvan-
tage of 10 to 50 percent in the trials
described here, during which there has
been no freeze-out. Multicut has with-
stood, without damage, temperatures
as low as 24°F, the lowest tempera-
ture during the five years of testing.
Multicut was taller, bloomed about 10
days later, and produced more winter
forage than Bigbee in our tests.

NOTE: Details of seed inoculation are
given in Range Legume Inoculation
and Nitrogen Fixation by Root Nodule
Bacteria, Bulletin 1842CA. To order,
send check or money order for $1.75,
payable to UC Regents, to:

ANR Publications

University of California
6701 San Pablo Avenue
Oakland, CA 94608-1239

Foreign orders: Add 15 percent for
regular mail or 50 percent for air
mail. Payment in U.S. dollars through
a bank in the United States is required.
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Planting-date trial,
Davis, 1983-84

In the next Davis trial, we studied the
effect of three planting dates: September
12, October 7, and October 28, 1983. Mul-
ticut and annual ryegrass were used again
to assess nitrogen fixation. A mixture of
annual ryegrass and Multicut (half and
half) was also planted on all three dates.
The berseem seeds were pellet-inoculated
with the new Tunisian Rhizobium strains
in this and all subsequent trials described
here.

The first two plantings produced six
cuttings, with the earliest harvest on De-
cember 21 and the last on July 20. The
latest planting produced five harvests, be-
ginning on March 2. Multicut again was a
high yielder, at 7 tons per acre, and the
total yield was not affected significantly
by planting date. The earliest planting
date, however, produced 1 ton per acre by
December 21, whereas this yield was not
attained until March 2 under the latest
planting date.

Ryegrass alone yielded slightly more
than half as much as the clover did, and
nitrogen was a limiting factor from
March on. The mixtures yielded about the
same as berseem clover alone, with rye-
grass dominating in the early cuts, and
berseem in the last three harvests.

Total nitrogen fixed by Multicut
ranged from 303 to 325 pounds per acre.

Ryegrass-mixture trial,
Davis, 1984-85

The third Davis trial was established
to test dry matter production and nitro-
gen fixation by various proportions of
Multicut berseem and annual ryegrass in
mixtures and to continue testing berseem
variety adaptation to the Sacramento
Valley. Multicut berseem and annual rye-
grass were planted in monoculture and
mixtures of 25, 50, and 75 percent ber-
seem clover (based on viable seed num-
bers) on October 9, 1984. The other ber-
seem cultivars included were Fahl (single
cut), Bighee, and Miscawi (Egypt).

Five harvests were made, beginning
February 26 and ending July 2, 1985. In
pure stands, Multicut was the most pro-
ductive with 13,800 pounds per acre dry
matter. Fahl produced only one cutting at
3,500 pounds per acre dry matter. Annual
ryegrass alone yielded about half as much
forage as Multicut alone. The mixtures of
50 and 75 percent Multicut with annual
ryegrass yielded as much forage as Multi-
cut alone.

The amount of nitrogen fixed by Multi-
cut alone totaled 277 pounds per acre and
the 50 and 75 percent Multicut with rye-
grass mixture did not reduce the amount
of nitrogen fixed by very much. Multicut
berseem became dominant in all mix-
tures with ryegrass by the third harvest.



Variety trial, Davis, 1985-86
We tried Multicut with five other ber-

TABLE 1. Dry matter produced and nitrogen fixed by various treatments with berseem clover
varieties compared with annual ryegrass under supplemental irrigation, Davis

seems: Bigbee, Gigande de Lage, Kha- Planting Harvest Nitrogen
draoui, Belem, and Miscawi (Egypt). An- Treatment date 1 2 3 5 6 Total fixed
nual ryegrass and a half-and-half mixture Dry ”;"‘2‘9’ Ib/a . Ib/a
; : 1983 1721 41 5/3 / 71
;’é;&‘g“ﬁ?fe’f ?;f.gie V:Zr:%‘;me‘l‘(”e’;a%so Multicut 10/1/82 1540 2370 2410 2060 2610 11000 236
- bigbee, whic veloped 10r  gacromonte 1590 2840 2100 1440 1360 9300 186
frost tolerance, was included as insurance  Tunisian 0 2240 1960 1920 2430 8600 150
against a freeze-out, although in five  Ryegrass 2080 2240 260 520 860 6900  (169)
years of testing, no frost damage has oc- 19';30 5% 1:/2 35/920 3723 47:2 5722 7120 1700
E“rred on Mmftlfl“t' Planting was on Octo- (Uit 9/12/83 2010 1940 2460 2320 2500 2850 14100 311
er 7, 1985, following a crop of sudan-  50:50 mix 2940 1970 1300 1480 2030 2660 12300 196
grass for hay (three cuttings). Ryegrass 2860 1630 620 480 1050 1150 7800  (163)*
Six harvests were made from Febru- 1/13
ary to July 1986. The two top yielders  Mutticut 10/7/83 1360 1690 2210 2290 2640 3680 13900 303
L s . 50:50 mix 2340 1540 1850 1960 2620 3670 14000 268
&erlf. thte IYIult’C“t. gllg;’eﬁl '?”ft“re and oo rass 2840 1400 1120 1000 1030 1240 8700  (182)°
uilicut ‘alone, witl DOh IIXINg MOTe ;e 10/28/83 0 1860 2600 2400 2680 3800 13300 325
than 300 pounds per acre nitrogen. Be-  50:50 mix 0 3440 2260 2120 2630 4170 14600 326
cause of its shorter stature, Bigbee ap- Ryegrass 0 2160 1110 1200 1210 1250 6900 (120
peared to contribute progressively less to LSD 5% 650 890 420 310 350 690 1900
the mixture after the first harvest. Annu- G0 10/9/84 3100 1040 Dm0 b0 3040 13800 277
. ulticu
alryegrass did poorly throughout and was 7555, 3350 2000 2220 2250 4030 13800 270
clearly stressed for nitrogen because of  50:50 mix 3640 1980 2270 2120 4030 14000 268
the prior crop of sudangrass and the ab-  25:75 mix 3900 1510 1840 1870 3550 12700 206
sence of nitrogen fertilizer. Nitrogen up- gyﬁlgfass gggg 308 93g 628 1058 ;ggg (‘73)'
. . a
take by the top treatment (Multicut-Big-  \yoco g 3150 2080 2050 1760 2500 11500 210
bee mixture) was about 10 times the total  gigbee 3840 480 2780 1360 3430 11900 235
uptake of 45 pounds per acre by the rye- LSD 5% 470 380 290 210 860 1500
grass, showing the tremendous nitrogen- 1986 2/11 3/20 4/18 5/16 6/17 7/15
fixin : Multicut 10/7/85 1420 1690 1820 1860 3710 3390 13900 358
g power of berseem clover M&B mixt 1530 1720 1920 1970 4070 3590 14800 396
: : Bigbee 1500 2060 1150 1400 4440 530 11100 311
Variety trials, Pomona Gigande 830 1480 1860 1840 3630 2170 11800 314
i o4 Pomons, s prodcn s it ke e o im ol o
; : _ Belem 14 131
from fo'urt.to five c";tfmgs Oé gggsteerlri il(;’o Miscawi-E 1320 1110 1700 1360 2410 540 8400 236
ver varieties ranged from o, ¢ 11,3 Ryegrass 1160 730 50 170 590 370 3100  (45)
pounds per acre dry matter (table 2) with LSD 5% 260 200 590 530 870 760 1800

an average of 24 percent crude protein
and 22 percent crude fiber. These trials
were performed on a highly fertile soil in
rotation with vegetable crops heavily fer-
tilized with nitrogen. The nitrogen fix-
ation by the berseem thus was corre-
spondingly lower. Annual ryegrass

* Soil nitrogen uptake by annual ryegrass (not fixed). This value has been subtractad from each clover nitrogen uptake to
estimate the corresponding nitrogen-fixed value.

1 Mixture of Multicut and Bigbee.

TABLE 2. Dry matter produced and nitrogen fixed by various treatments with berseem clover
varieties compared with annual ryegrass and barley under supplemental irrigation, Pomona

; Planting Harvest Nitrogen
yielded 84 percent as much forage as the o\ oy date i 2 3 3 5 Total  fixed
best berseem variety, Khadraoui, and
contained 18 percent crude protein, while oo 2 SE;;J; '"a"e: /”2’; a o2 Io/a
the ryegrass at Davis under low nitrogen .. 10/20/83 1950 2130 1880 2390 1870 10200 131
fertility produced much less and_ aver- Bigbee 1040 — 3680 1780 1480 8000 39
aged about 10 percent crude protein. Khadraoui 1430 1890 2750 2940 2380 11400 157

We measured crude fiber, ash, and fat Sacromonte 1790 1740 1820 1800 1680 8900 96
i £ : Ryegrass 1580 2480 2060 2100 1330 9600  (266)
gumtosetfhc;ec‘}oggr S‘]‘gggéicéas“t differences LSD 5% 430 670 380 1000 720
g " 1986 1/9 2/24 4/3 5/10
In the second year of testing, 1985-86,  Ryegrass 10/15/85 2800 2220 1410 1950 8400  (193)"
we expanded the number of berseem var- MS Exp. 1 1910 2570 2440 3280 10200 170
ieties and included barley as a grass com- mg EXP- g gg?g gggg gggg 3;88 g;gg lgg
R fes xp.
ponent in addition to annual ryegrass, g 2040 2430 2260 2720 9400 157
Mixtures of Multicut with annual rye-  geiem 1810 2730 2870 4240 11600 179
grass and with barley were also included. Multicut 1820 2300 2820 3570 10500 166
Again, the bigh esious sl irogen S o oam o mo o ooz
allowed annual ryegrass to perform well, — <g g5 2430 2850 3350 3710 12300 214
as indicated by the 193 pounds per acre Multicut/
nitrogen uptake. As measured by the dif- Ryegrass 3110 2590 2520 3540 11800 162
ference method, nitrogen fixed by the ber- MUB"iC'ut/ 2480 650 920 1830 6900 24
. . R arley
seem varieties varied from' 158 to 214 Barley 3650 390 0 0 4000 (121)
pounds per acre and was consistently low- LSD 5% 590 410 580 770 1200

er than that measured at Davis.

* Soil nitrogen uptake by annual ryegrass (not fixed). This value has been subtracted from each clover nitrogen uptake to
estimate the corresponding nitrogen-fixed value.
1 No cutting taken at second Bigbee harvest date in 1984 because of this entry’s poor recovery.

Eight of the berseem entries produced
significantly more total dry matter than
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Thought to have originated in the Middle East, berseem clover is now widely grown in Egypt as a
winter forage and, because of its nitrogen-fixing ability, as a green manure crop. Improved

varieties and importation of more efficient strains of seed-inoculation bacteria from Tunisia have
renewed interest in the crop in California.

did annual ryegrass. The barley entry was
the poorest dry-matter producer. Bigbee
berseem was not a significantly better
producer of dry matter than ryegrass, and
it was the second lowest nitrogen-fixer.
The poor showing of the Multicut/barley
mixture resulted from the barley’s fast
early growth, which reduced the berseem
seedling population and thus the potential
for production in the later cuttings.

The top dry-matter producer and ni-
trogen-fixer, GR 850, was collected in Mo-
rocco during our 1983 plant exploration
trip. Its performance is very encouraging
for our plant exploration program, which
will continue to add to the germplasm
pool in berseem clover.

Baja California trials

The Baja California trials took place in
two locations in the Mexicali Valley.
Based on our Davis results, we were most
interested in testing Multicut against the
only commercial variety available, Big-
bee (table 3).

Multicut outproduced Bigbee in dry
matter during the 1985-86 season at the
Ejido Nuevo Leon site. Winter production
(first two cuttings) was about the same,
but the late production of Multicut (last
two cuttings) was superior to that of Big-
bee. This production pattern is similar to
our UC-Davis results. Multicut had an
average of 18 percent crude fiber com-
pared with 21 percent for Bigbee. Aver-

TABLE 3. Dry matter production by berseem clover varieties and berseem/annual ryegrass mixtures
under irrigation, Baja California

age crude protein was higher in Multicut
than in Bigbee (22 versus 19 percent).
Multicut thus outperformed Bigbee in
both quantity and quality.

Total dry matter yields were higher in
the 1985-86 variety trial at Colonia Pro-
greso than at Ejido Nuevo Leon. Multicut
again was the top yielder.

In the trial comparing mixtures of an-
nual ryegrass and berseem at Ejido Nue-
vo Leon, ryegrass dominated during the
first two cuttings, but the superior ber-
seem strains dominated in the later cut-
tings and thus formed a large fraction of
the forage total. The Multicut-ryegrass
and the Tunisian berseem-ryegrass mix-
tures both substantially outproduced the
Bigbee-ryegrass mixture, with the rye-
grass alone being a distant fourth.

Conclusions

These results should offer a lot of en-
couragement to meat and milk producers.
In the Mexicali Valley, feed is usually at a
premium during the winter and spring.
Annual ryegrass is traditionally planted
on 25,000 to 30,000 acres annually to pro-
vide steer-fattening pasture. The replace-
ment of ryegrass with berseem in these
pastures could result in important savings
by eliminating the need for nitrogen fer-
tilizer while increasing the meat produc-
tion potential from the higher quality of
the berseem forage.

In California, field-scale plantings of
Bigbee berseem last year were reported
by dairy operators in San Joaquin and
Riverside counties. A 45-acre planting
was used for bagged silage, and a 37-acre
planting was handled as green chop. Both
trials were considered successful by the
producers, and they expressed plans to
expand the use of berseem clover in their
operations.

Our consistently good results with
Multicut berseem encouraged us to apply
for release of this variety through the
California Foundation Seed program at
UC Davis. Breeders’ seed has been in-
creased, and foundation seed will be
available for fall planting in 1987.

Planting Harvest Walter L. Graves is University of California Cooper-
Treatment date 1 3 4 5 6 Total ‘;‘tlive Extens;’gn Farm Advisor, San Diego County;:
” illiam A. Williams is Professor, Department o.
" . Dry matter Ib/a Agronomy and Range Science, UC Davis; Victor A.
Ejido Nuevo Leon: Wegrzyn is Associate Professor, Department of
1985 2/26 3/19 4/11 5/8 6/4 7/5 Plant and Soil Science, California Polytechnic Insti-
Multicut 11/12/84 1020 1750 1940 2340 — 3880 10900 tute, Pomona; David Calderon M. is Maestro, Investi-
Bigbee 1280 1390 1770 1770 1340 0 7600 gator del Programma de Forrages, Escuela Superior
Colonia Progreso: de Ciencias Agricolas, Universidad Autonomas de
9 ' 2 2 3/ 4/18 5/6 5/29 Baja California; Melvin R. George is Range and Pas-
1985 1 /14 /18 / / / ture Specialist, Cooperative Extension, UC Davis;
Multicut 10/21/85 2340 2900 2820 3180 2000 1590 14800 and James L. Sullins is UC Cooperative Extension
Bigbee 1390 2470 2760 3450 1260 2040 13300 Area Livestock Advisor, San Bernardino County.
Khadraoui 2800 2940 2150 3150 2190 1350 14600 Special acknowledgment is made to UC Farm
Tunisian 1210 2420 2880 3110 1640 920 11100 Advisors Alfonzo Durazo 111, Imperial County, and
iido N L . Faustino Munoz, San Diego County, for their efforts
Ejido Neuvo Leon: in helping to set up the UC-Mexicali linkage; to Juan
1986 1/6 2/24 4/1 4/28 5/27 Guerrero, UC Farm Advisor, Imperial County, for
Multicut/ryegrass 10/22/85 2630 2840 2900 2600 1970 12900 his help in maintaining the communication link with
Bigbee/ryegrass 2570 2390 2420 1920 1460 10800 the Mexican colleagues; and to Lawrence C. Larsen,
Tunisian/ryegrass 2320 2290 3450 2410 2550 13000 Postgraduate Researcher, Department of Agronomy
Ryegrass 3110 1070 1610 1030 790 7600 and Range Science, UC Davis, for his technical aid in

conducting the Davis trials.
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