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Abstract. Non-winterdormant alfalfa (Medicago sativa L.) from the Middle East regrows rapidly and
produces high forage yield making it attractive for use in warm-desert regions. In the Middle East, alfalfa
is commonly harvested before flowering (bud stage) leaving less than 2 cm stubble. Alfalfa from this reg-
jon has unique adaptations to this management and regrow predominately from meristems originating
near the stem base. Harvest management may influence productivity of Middle-Eastern alfalfas in
mechanized agriculture where late harvest and cutting heights between 8 and 12 cm predominate. We
compared yield, persistence, and crown architecture of six Middle-Eastern alfalfa ecotypes under tradi-
tional (preflowering + 2 cm stubble) and contemporary harvest management (10% bloom + 10 cm stub-
ble), and a combined regime (preflowering + 10 cm stubble) in a 27-month trial in Arizona. Contempo-
rary harvest management resulted in significantly higher forage yield in the Middle-Eastern accessions
than in either of the other regimes and did not disturb the initiation of regrowth stems. Forage yields of
the most productive Middle-Eastern ecotype were 11 to 20% higher than an elite southwestern cultivar
regardless of harvest regime. The combined regime, with its higher forage quality, may be preferred as
Middle-Eastern alfalfas are utilized in mechanized agriculture.

Introduction

A number of non-winter dormant alfalfa ecotypes have evolved in desert areas of the
Middle East [1, 2]. Today most alfalfa cultivars grown in warm desert regions
worldwide descend from relatively few Middle Eastern introductions; primarily
populations introduced to the USA from the Middle East before 1960 [3, pp 25-91].
Current research suggests that recently introduced ecotypes from the Middle East
may be especially productive in the southwestern USA, a region that is climatically
very similar to desert farming regions in the Middle East.

189



190 Abdullah A. Al-Doss and S.E. Smith

Desert-adapted alfalfas from the Middle East are unique in their ability to
regrow rapidly following harvest and to remain productive during late fall, winter and
early spring [4]. These ecotypes evolved under relatively warm winter conditions with
frequent hand harvest very close to the soil surface [5, 6]. In order to persist under this
management, a high proportion of stems are initiated from basal meristems on the
crown close to the soil surface [7]. This management regime may be associated with
the high productivity observed in these ecotypes. In a 12-month trial at Al-Hassa
QOasis in Saudi Arabia, Al-Noaim et al. [5] observed that forage yield and stand
density were significantly higher in the ecotype Hasawi when cut 2 cm above the
ground relative to harvest leaving 8 cm stubble. This suggests that yield advantages
of Middle-Eastern ecotypes may be diminished by harvest 8 to 12 cm above the
ground surface, as is customarily applied in mechanized agriculture [8, pp. 567-594].

Regrowth may also be initiated at an carlier stage of maturity in Middle-Eastern
ecotypes than in improved nondormant cultivars [7]. Harvest of Middle-Eastern
ecotypes at later maturity stages, as is common in mechanized agriculture (typically
when 10% of plants in bloom), may therefore result in removal of a large portion of
young regrowing stems as well as the older first-regrowth stems. Such delayed harvest
could reduce total forage yield since regrowth of basal stems that began precociously
could be eliminated by harvest. Additional stems would need to elongate from differ-
ent basal meristems which could reduce rates of regrowth of the primary stem class.
Persistence and forage quality could also be affected by delayed harvest since extra
nonstructural carbohydrates may be expended for the growth of additional calsses of
basal stems with each harvest and more mature forage would have lower digestibility
[9]. The unique regrowth characteristics of Middle-Eastern alfalfas suggest that
changes in crop management may be necessary in mechanized agriculture to achieve
optimum productivity with these ecotypes or new cultivars descending from them.

The objective of this experiment was to evaluate the effects of three harvest man-
agement regimes on forage yield and persistence of six Middle-Eastern alfalfa
ecotypes and an elite cultivar at Tucson, AZ. Also, the effect of cutting height was
evaluated on crown architecture and regrowth rate to study the relationships between
these variables and forage yield and persistence. Comparisons of forage yield and
persistence werec made between plots harvested either: 1) at ground level (2 cm)
before flowering “traditional Middle-Eastern harvest management”, 2) 10 cm above
the ground at early flowering “contemporary Southwestern harvest management”,
or 3) 10 cm above the ground before flowering “a possible combined regime”.

Materials and Methods
Six Middle-Eastern ecotypes and the non-winter dormant cultivar Lew were

included in this experiment, which was conducted at Tucson, AZ (alt. 790 m). Mid-
dle-Eastern ecotypes were selected based on their productivity in previous trials in
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Arizona or because they exhibited extremely precocious regrowth from basal meris-
tems [7]. The ecotypes and their country of origin were: *Ed-Damer’ (Sudan);
"Hasawi’ and Hejazi’ (Saudi Arabia); ’Egyptian IV’ (Egypt via Saudi Arabia); "Iraqi’
(Iraq via Saudi Arabia), and *Oman-11’ (Oman) [2]. Iraqi is slightly more winter dor-
mant than the other six entries, which show very little reduction in growth during
winter in southern Arizona [2]. Fifty seeds of each entry were sown in September
1988 in 1-m single row plots spaced 0.75 m apart in a split-plot design with 4 repli-
cates. Harvest management regimes were assigned to the main plots and populations
to the sub-plots. Plots were thinned to 12 plants before the first harvest. The trial was

. flood wrrigated every 7 to 14 days as necessary and no attempts were made to control
insects.

Three harvest management regimes were imposed beginning in March 1989; 1)
preflowering (all plants in the bud stage) leaving < 2 cm stubble, 2) early flowering
(10% of plants showing bloom) leaving 10 cm stubble, and 3) preflowering with 10 cm
stubble. Individual plants from the entrie plot were cut by hand and forage fresh
weight and number of plants recorded in each plot. Initial growth of seedlings was
harvested, using the appropriate regime, 150 d. after sowing without weighing. Data
were available for 27-month period that included 19 harvests in Regime 2, and 21 har-
vests in both Regime 1 and 3.

To measure the effects of cutting height on crown architecture and regrowth
rate, the number of stems and their height were recorded for plants included in
Regimes 1 and 3 during citht regrowth cycles in 1989. Seven days after harvest in
early-March, three plants were randomly sampled and marked in each plot har-
vested. Every seven days for four weeks, all stems longer than 10 cm were counted
and the length of the longest three stems recorded for each plant. Similar measure-
ments were made every 7 d for the next seven 21-d regrowth periods (from late April
until late September). Average stem length in the first week of regrowth and at har-
vest were used to calculate stem elongation rate as mm day’. Data were statistically
analyzed using the Statistical Analysis System, version 6.03 [10].

Results and Discussion

Considering the Middle-Eastern accessions together, contemporary southwest-
ern harvest management (10 cm cuting height at 10% bloom) resulted in significantly
higher forage yield than either of the other harvest regimes (Table 1). None of the
individual Middle-Eastern accessions yielded significantly more forage when har-
vested at 2 or 10 cm before flowering (Regime 1 and 3) compared to contemporary
harvest management (Regime 2). Survival of Middle-Eastern accessions was, also,
significantly lower with harvest at 2 cm (60.1%) as compared to both 10-cm (77.1 and
75.1%) harvest regimes (Table 1). The yield disadvantage of the traditional harvest
management (2 cm cutting height at preflowering) may be due to lack of additional
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stems initiated from acillary meristems on stubble. Stubble were not allowed to
develop in the traditional harvest regime, and stems were predominately initiated on
the fleshy part of the primary crown less than 2 cm from the soil surface. In the 10-cm
harvest regimes, stems could be initiated either at the crown, from axillary meristems
on individual branches that had grown from the fleshy crown remaining after harvest
or from both [11].

Table 1. Mean % survival and forage yield per plant and plot (1 s.e.) for six Middle-Eastern Alfalfa ecotypes
and the cultivar Lew over a 27-month period under three harvest management regimes in southern

Arizona.
Harvest regime Population % survival gplant'a Kg plot’'b
Preflowering 2cm AllM-E accessions 60.1B¢ 111.1B 18.9¢
stubble Ed-Damer 74.6+£7.8 132.4+3.7 22.310.9
Egyptian IV 68.51+3.4 112.1+5.3 23.1+15
Hasawi 67.2%5.3 97.1+8.2 17.7%£2.4
Hejazi 61.5+5.7 127.0+15.3 21.3x2.4
Iraqi 23.7+18.9 103.5+21.1 13.2+3.9
Omani 11 68.3+3.2 101.8+5.4 16.8+1.7
Lew 66.3+7.7 116.9+11.8 19.2+1.8
LSD 12.0 22.5 2.3
Preflowering 10cm  AlIM-E accessions 77.1A 122.7B 21.4B
stubble Ed-Damer 85.4+4.3 133.0+9.8 24.8%1.6
EgyptianIV 89.1+9.4 134.7+12.2 23.240.6
Hasawi 60.9+15.7 99.2+5.0 17.6+1.2
Hejazi 73.0+13.7 133.6+12.9 24.5+2.1
Iraqi 81.1+10.6 128.4+25.2 19.3¢1.1
Omani 11 72.6+10.4 107.3+4.5 18.9+0.2
Lew 85.9+8.8 129.71+9.0 22,3427
LSD 14.4 223 2.1
10 % flowering 10cm AlIM-E accessions 751A 186.1 A 247A
stubble Ed-Damer 83.6+2.1 222.6+13.7 20.0£1.5
EgyptianIV 79.6+4.2 197.6£19.6 27.0x2.2
Hasawi 57.9+10.4 168.7£13.9 20.9+2.3
Hejazi 86.7+4.5 226.01£9.0 29.5%1.5
Iraqi 68.2+10.1 179.5+18.0 22.8+2.1
Omani 11 74.216.9 122.1+12.4 18.8%1.9
Lew 77.1+£4.9 240.1+15.7 25.8+0.9
LSD 13.9 29.0 2.6

a Mean fresh weight per harvest; b Total fresh weight over all harvests; ¢ Means for all Middle-Eastern acces-
sions within a column that are follwed by the same letter not significantly different (P < 0.05) by LSD test.
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There was a considerable variation in performance among the Middle-Eastern
accessions under each harvest management regime (Table 1). The relative perfor--
mance of individual accessions was consistent across harvest regimes and there was
no significant difference (P = 0.05) in accession X harvest regime interaction for sur-
vival or forage yield. Rank correlation for total forage yield in the Middle-Eastern
entries between the three harvest regimes ranged from r_ = 0.66 to 0.88 (P< 0.16-
0.01, n=6), with no rank shift greater than two places observed for an accession
between any pair of regimes. Certain accessions appeared especially well adapted to
the Arizona environment regardless of harvest regime. For example, under the con-
temporary harvest regime, Ed-Damer produced a total yicld that was 12.4% higher
than that of Lew. In addition, under the regimes with preflowering harvest, which
would likely result in forage of a higher nutritional quality [9], Ed-Damer produced
an average of 16.2 and 11.2% more forage than Lew with 2 and 10 cm harvest, respec-
tively. Survival of Ed-Damer did not differ significantly from that of Lew under any
harvest regime (Table 1).

For the six Middle-Eastern ecotypes considered individually or as a group, pre-
flowering harvest at 2 and 10 cm did not result in significant differences in two of the
primary components of forage yield: mean stem number and rate of stem elongation
(Table 2). However, plant height was significantly greater in the Middle Eastern
ecotypes with harvest at 10 cm than at 2 cm. These differences in plant height could
be the result of stem initiation on axillary meristems elevated on the remaining stub-
ble, since mean stem elongation rates were not significantly different in these acces-
sions in the two regimes. This also indicates that, at least, a portion of the stems pro-
duced by Middle-Eastern ecotypes were from axillary meristems on stubble and not
only from basal meristems on crown. The ability to generate growth from basal and
axillary meristems may be important in maintaining the high productivity in non
winter-dormant alfalfas with frequent harvest.

Regrowth characteristics of the Middle Eastern ecotypes were generally higher
than those for Lew (Table 2). Stem elongation rates were significantly greater in both
harvest regimes in the Middle-Eastern ecotypes (30.3 and 38.6) than in Lew (20.7 and
30.5) in the first 7 d following harvest. Maximum plant height was also significantly
greater in the Middle-Eastern accessions (Table 2). In addition, significantly fewer
stems (—44.5% ) were also produced by plants from Lew when harvested at 2 cm than
at 10 cm (Table 2). However, harvest at 2 cm has resulted only in 10.9% reduction in
single-plant yield in Lew which indicates that Lew might have higher stem weight
than the Middle Eastern ecotypes (Table 1). This supports the yield data and indi-
cates that a generally higher proportion of stems are initiated on the fleshy part of the
primary crown in the Middle-Eastern alfalfas than in the elite U.S. cultivar Lew.
These findings also show that long-term preflowering harvest at 10 cm does not dis-
turb the initiation of regrowing stems in the Middle-Eastern alfalfas.
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Table2. Mean (= s.e.) sstem number and plant height at harvest, and stem elongation rate for six Middle-
Eastern alfalfa ecotypes and the cultivar Lew over eight harvest -regrowth cycles (April-Sept.)
with harvest at 2 cm or 10 cm at the bud stage

Stem elongation rate®
Harvestregime Population Stemnumber  Plant height 1-7 d post 1-21/28 d post
harvest harvest
---------- mm day! ----eeeue
Preflowering ANl M-E accessions 24.3A 55.2B 30.3B 26.2A
2 cm stubble
Ed-Damer 28.7+4.5 55.6*1.8 32.6+1.4 26.2+0.9
Egyptian [V 30.9+3.9 65.1+0.9 37.7+0.8 30.6+0.4
Hasawi 14.2+41.2 45.1+4.0 23.1£2.5 22.5%15
Hejazi 26.2%2.2 61.6+2.0 32.9+1.2 28.9+0.9
Iraqi 20.4%4.5 42.814.7 20.9+2.3 20.1+2.3
Omani 11 249140 61.1+1.6 34.4%1.2 28.8%=0.8
Lew 18.3£3.6 47.6+4.4 20.7£2.5 22.2+2.0
LSD 6.4 6.1 4.5 2.8
Preflowering AllM-E accessions 26.5A 61.2A 38.6 A 28.8A
10cm stubble ED-Damer 30.0+4.7 62.6+3.8 45.6+3.0 39.5+1.8
Egyptian IV 29.4+3.6 69.4+1.6 41.1+1.5 32.6x0.7
Hasawi 21.74£3.7 54.2+3.3 30.5+£2.6 25.4£1.6
Hejazi 33.3+2.1 66.3+1.9 48.3+1.0 31.2+0.9
Iraqi 24.7+4.0 56.4+3.5 31.3+24 26.5+1.7
Omani 11 19.9+1.9 58.3+1.4 34.7+1.7 27.7+0.7
Lew 32.8+4.0 51.5+5.9 30.5£2.6 25.7+2.6
LSD 1.7 7.5 5.4 34

a  Stem elongation rate = (change in mean plant height in 7 days)/7.
b Means for all Middle-Eastern accessions within a column followed by the same letter are not signific-
antly different (P < 0.05) by LSD test.

Analysis of individual components of total forage yield (Table 1), crown
architecture, and regrowth rate (Table 2) indicate that the overall yield disadvantage
of the traditional harvest regime for the Middle-Eastern accessions was likely due to
the combined effects of reduced persistence (—24.9%) and yield per plant (- 67.5%).
Removal of any precociously regrowing stems, which occurred regularly with harvest
at 10% bloom, was not associated with decreased forage yield or persistence in Mid-
dle-Eastern entries, however. Indeed the production and harvest of multiple classes
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of generally longer stems may represent the basis of higher forage yields for Middle-
Eastern accessions under contemporary harvest management.

Reduced persistence and forage yield with traditional harvest management may
either be the result of insufficient replenishment of nonstructural carbohydrates in
the root and crown due to repeated premature harvest at 2 cm [11], or due to the
absence of significant residual stem tissue (stubble) for the initiation of regrowth [12-
14). Correlation data among yield components support the assertion that the level of
nonstructural carbohydrates, which are ultimately a function of the amount of forage
produced under a single management regime [15], may be associated with the sig-
nificantly lower survival of the Middle-Eastern accessions with harvest at 2 cm under
Arizona conditions. Percent survival was strongly and positively correlated with the
total forage yield (r=0.73, P<0.01), plant height (r=0.59, P<0.05) and mean stem
elongation rate (1-21/28 d post-harvest, (r=0.63, P<0.01) in the Middle-Eastern
accessions with harvest at 2 cm. However, survival was less closely associated with
these variables with harvest at 10cm (total forage yield: r=0.44, P<0.05; plant
height: r=0.29; stem elongation rate: r=0.28). The bulk of the yield advantage of
contemporary harvest management over the combined regime was apparently due to
increased yield per plant (51.6%), as a result of higher stem weights that accumulated
during the prolonged regrowth period, and not due to differences in survival.

While most productive Middle-Eastern alfalfas appeared better adapted to the
traditional harvest regime under Arizona conditions than Lew, the highest productiv-
ity was obtained with the contemporary harvest management. These results may
appear to contradict the most comparable previous study where Al-Noaim et al. [5]
found that forage yield and plant population of the Middle-Eastern ecotype Hasawi
were 21 and 52% higher, respectively, with harvest at 2 and at 8 cm after one year of
harvest in Saudi Arabia. No significant differences in survival or forage yield were
observed among the three harvest regimes for Hasawi in this study (Table 1). How-
ever, the mean stem number was considerably lower for Hasawi under both cutting
regimes (—41.6% at 2 cm; - 18.1% at 10 cm) than for the mean of all other Middle
Eastern ecotypes. Stem elongation rate was similarly lower in Hasawi than the aver-
age for the other Middle-Eastern ecotypes (—11.5% at 2 cm; —25.0% at 10 cm). This
provides some evidence that Hasawi may not generally be well adapted to the south-
ern Arizona conditions which may explain its poor performance under traditional
harvest management. Schaffer et al. [16, pp 411-437], summarizing previous research
with alfalfa, reported that if harvest regimes do not deplete nonstructural carbohyd-
rates, highest herbage yields would be obtained with shorter cutting heights,
although cutting heights less than 5 cm or repeated cutting intervals less than 28 d
were not considered . In this study, the highest forage yields in all accessions were
obtained with conventional harvest at 10% bloom.

Certain well-adapted Middle Eastern ecotypes (Ed-Damer, Hejazi) had a signif-
icant yield advantage over Lew under both conventional and traditional harvest man-
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agement. Regrowth data collected with preflowering harvest suggest that high rates
of stem elongation may explain the yicld advantage of these accessions. Ed-Damer
and Hejazi had stem elongation rates in the first week after harvest that were 57 and
58%, respectively, greater than that of Lew. A similar differential in stem elongation
rate was maintained for the entire growth cycle for these accessions. Yields of these
Middle Eastern accessions also did differ from Lew with preflowering harvest at 10
cm. This suggests that the combined harvest regime, with its expected higher forage
quality, may be preferred as these ecotypes are utilized in mechanized agriculture in
warm-desert regions of the world.
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