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Abstract 
Agave mapisaga and A. salmiana, which are widely cul- 

tivated in central Mexico for the fermented beverage pul- 
que, have 7 to 11 leaves unfolding annually per plant. Such 
leaves can be 2 m in length with dry weights exceeding 1 kg, 
leading to estimated aboveground productivities of 25 to 
26 metric tons ha -1 yr -1. To prevent theft of the cuticle 
from folded leaves of A. salmiana, which is used to wrap 
meat for steam cooking (termed "mixiote "), the distal one - 
third of the central spike of folded leaves is often intention- 
ally cut off, which unfortunately depresses leaf unfolding 
for the next two years. However, making small holes in the 
central spike, which also renders the cuticle unusable for 
mixiote, does not significantly reduce the rate of leaf 
unfolding. 
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Introduction 
Approximately 100 species of Agave occur natively or 

are cultivated in Mexico (Gentry, 1982). Fiber is obtained 
from the leaves of Agave lechuguilla in northern Mexico and 
from A. fourcroydes in the Yucatán peninsula and southern 
Tamaulipas. Following fermentation of the stem, distilled 
beverages are produced, such as tequila from A. tequilana 
in Jalisco and mezcal from about ten species in various states. 
The fermented beverage pulque is produced from the exudate 
that collects in hollowed -out stems of mature plants of A. 
mapisaga and A. salmiana in the Valley of Mexico. The 
unfermented exudate (known as aguamiel, or "honey water ") 
is also consumed on a limited scale (Gentry, 1982; Nobel, 
1988). Aguamiel and pulque production probably dates back 
at least 2500 years. Certainly pulque production was well 
established by the twelfth century (Martin del Campo, 1938; 
Goncalves de Lima, 1956). In the past, the cuticle (plus some 
underlying epidermis) has been removed from the leaves of 
pulque agaves for use as paper. Currently such cuticles are 
used to wrap and hence flavor meat in a liquid -tight sack 
containing other ingredients for steam cooking (termed 
"mixiote," a food especially common at Christmas; Po- 
loniato, 1986). Maximum land use of about 70,000 hectares 
for pulque agaves occurred in the 1930s (Sánchez M., 1979). 

The present study considers A. mapisaga and A. salmiana, 
both of which belong to subgenus Agave Section Salmianae 
(Gentry, 1982). As do other agaves, A. salmiana exhibits 
Crassulacean acid metabolism (Nobel and Meyer, 1985) 
and hence is well- suited to regions of low rainfall that are 
not appropriate for most agronomic crops. A nondestructive 
technique easily adapted to field conditions has been de- 
veloped to monitor the growth of agaves. This consists of 
counting the number of new leaves that unfold from the 
central spike of folded leaves over a given period of time 
(Nobel, 1984). The rate of leaf unfolding, which is highly 
correlated with productivity measured by conventional dry 
weight determinations on harvested agaves, was measured 
for the two pulque species in various localities and the an- 
nual aboveground dry matter productivity was estimated. 
The effect of removing the cuticle from the middle of folded 
leaves of A. salmiana on leaf unfolding rate was determined. 
Certain pulque producers intentionally damage the cuticle 
to prevent its theft for mixiote, but such damage injures 
the plants and presumably slows growth. Therefore, another 
objective was to evaluate the influence of such preventative 
measures on the rate of leaf unfolding for A. salmiana. 

Materials and Methods 
Agave mapisaga Trel. var. mapisaga and A. salmiana 

Otto ex Salm. var. salmiana were studied over a 2 -year period 
at five plantations located in the pulque- producing area 
within the Valley of Mexico as well as in Calpulalpan (Fig. 
1). Twenty randomly chosen mature plants, which had been 
placed in the field 7 to 12 years earlier when they were ap- 
proximately 0.8 m tall, were used under each condition. 
The terminal spines of the three or four most recently un- 
folded leaves were initially clipped so that leaves newly 
unfolded from the central spike of folded leaves could be 
readily recognized upon subsequent examination. 

Three cuticle- damaging treatments were imposed. One 
treatment was removal of the cuticle (plus some underlying 
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Table 1. Periodic measurements of leaf unfolding. 

Mean leaf Annual leaf unfolding 
Speciest Locality length ± SD per plant t SD 

(m) First year Second year 

Agave mapisaga Tequexquinahuac 2.00±0.10 6.89±0.93' 8.76 ± 1.25b 
" Tizayuca 1.99s0.11 9.94±1.71b 9.38 ± 1.66b 

Agave salmiana Calpulalpan 1.80 ±0.09 10.37 ± 1.76' 9.50 w 0.57' 
" Singuilucan 2.28 ± 0.25 9.46 ± 1.66' 10.75 ± 2.18' 

Tequexquinahuac 1.66 ± 0.21 7.17 ± 1.74b 8.23 ±3.19ab 
Tizayuca 1.71 ± 0.21 8.47 ± 2.89ab 8.85 ± 2.31' 

tTwenty intact plants of each species were examined at various localities (Fig. 1) on 22 
April to 1 May 1986, 22 -25 April 1987, and 25 -27 April 1988; leaf lengths were measured 
on 22 September 1986. 

These plants were probably var. chalqueño. 
'Annual leaf productions with different letters for a particular species are significantly 

different at P < 0.05. 

,.. Table 2. Leaf unfolding for Agave salmiana treated in various 
ways at three localities. 

90°45'W 98 °30'W 

Figure 1. Localities used for studying Agave mapisaga 
and A. salmiana. Also shown is Mexico City. Elevations in 
meters are indicated beneath locality names, and states 
are indicated by capital letters. 

epidermis) from six leaves still folded about the central 
spike. After pulling such leaves away from the central spike, 
the cuticle was cut using a spine from the tip of an agave 
leaf. This permitted the removal of a piece of cuticle about 
0.15 m wide and 0.4 m long (along the leaf axis) from the 
chlorenchyma on the inner (adaxial) side of the leaves. An- 
other treatment was to cut off the distal one -third of the 
central spike of folded leaves (done every year). On some 
plants, the cuticle was rendered unsuitable as a liquid -tight 
wrap for mixiote by making nine 5 -mm- diameter holes, 
three spaced 10 cm apart horizontally each 120 °, through 
the middle of the central spike of folded leaves (these holes 
can be made with a pitchfork). 

Leaf dry weight was determined by drying recently un- 
folded leaves in an oven at 80 °C until no further weight 
change occurred (generally in 4 days). Dry weights are pre- 
sented as mean ± SD (n = number of measurements). Sig- 
nificance (P < 0.05) of the various growth conditions was 
analyzed using a modified Duncan multiple range test 
(Kramer, 1956) following the analysis of variance. 

Results 
Mean leaf lengths for plants in the different localities 

were 1.99 and 2.00 m for Agave mapisaga and ranged from 
1.66 to 2.28 m for A. salmiana (Table 1). At Tequexquinahuac, 
where both species were initially 7 years old and had a density 
of 1800 plants ha-1, recently unfolded leaves of A. mapisaga 
that were 2.00 ± 0.02 m in length had a dry weight of 1.40 
± 0.13 (n = 6) kg and those of A. salmiana that were 1.66 
± 0.01 m in length had a dry weight of 1.53 ± 0.17 (n = 6) 
kg. The maximum rate of leaf unfolding from the central 

Leaf unfolding (% of control)* 
Treatment' Locality First year Second year 

Cuticle removed from Calpulalpan 55` 95' 
six leaves Singuilucan 64b 98' 

Central spike cut Calpulalpan 67b 66b 
Tizayuca 80b 72b 

Cuticle removed and 
central spike cut 

Tizayuca 46` 46` 

'Twenty plants under each condition were originally examined 22 April to 1 May 
1986, when the treatments were already in existence. 

Leaf unfoldings with the letter a are not significantly different from the control at a 
particular site (control rates are in Table 1); other letters indicate significance at P < 0.05 
from the control as well as among different treatments at a particular locality and year. 

Table 3. Leaf unfolding for Agave salmiana treated in various 
ways at Providencia. 

Treatment' Leaf unfolding (% of control) 
Cuticle removed from three leaves 
Cuticle removed from six leaves 
Incision made on six leaves, but 

cuticle not removed 
Central spike cut 
Nine holes made in central spike 

55b 

32` 
61b 

64b 
89' 

'Treatments were done on 18 December 1986 for twenty plants under each condition, 
and the plants were re- examined on 26 April 1988. 

Leaf unfolding with the letter a are not significantly different from the control (5.88 . 1.81 leaves per plant); other letters indicate significance at P < 0.05 from the control 
and from each other. 

spike of folded leaves during the rainy period, approximately 
June through September, was about 1 per plant per month. 
The mean number of leaves unfolding annually per plant 
ranged from 6.9 to 9.9 for A. mapisaga and from 7.2 to 10.8 
for A. salmiana (Table 1). The leaf unfolding rate varied sig- 
nificantly (P < 0.05) among localities during the first year 
only. The leaf unfolding rate did not vary significantly at a 
particular site from the first year to the second year of the 
study, except for A. mapisaga at Tequexquinahuac (Table 
1). Differences in leaf unfolding rate between species for each 
year at their two common localities were not significant. 

Removal of the cuticle from six folded leaves of A. sal - 
miana significantly reduced the rate of leaf unfolding during 
the first year, but full recovery to the control value occurred 
in the second year (Table 2). Cutting the central spike caused 
nearly as much inhibition of leaf unfolding during the first 
year as did cuticle removal but no significant recovery oc- 
curred during the second year. Removal of the cuticle plus 
cutting the central spike led to even greater inhibition of 
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leaf unfolding than either treatment by itself and again no 
recovery occurred during the second year (Table 2). 

Further experimental manipulations, especially on the 
cuticle, were performed on A. salmiana at Providencia (Table 
3). Removal of the cuticle from only three folded leaves sig- 
nificantly (P < 0.05) reduced the rate of leaf unfolding and a 
further significant reduction occurred by removing the 
cuticle from an additional three such leaves. Making the 
circumscribing incision but leaving the cuticle in place also 
significantly reduced the leaf unfolding rate, as did cutting 
the central spike of folded leaves (Table 3). However, making 
nine holes in the central spike did not significantly reduce 
the rate of leaf unfolding for A. salmiana over the 15 -month 
study period. 

Discussion 
Leaf size and the rate of leaf unfolding for cultivated Agave 

salmiana are both somewhat greater than that found for a 
different variety of the same species (A. salmiana var. cras- 
sispina) under natural conditions (Nobel and Meyer, 1985; 
Martínez M., 1988; Tello B., 1988). Compared with A. mapi- 
saga and A. salmiana, leaves of A. deserti and A. 
lechuguilla are much smaller, although the maximum rate 
of leaf unfolding during favorable conditions is also just 
over 1 leaf per plant per month (Nobel, 1984; Nobel and 
Quero, 1986). Although the monthly rate of leaf unfolding 
often exceeds 2 per plant for A. fourcroydes (Nobel, 1985) 
and can exceed 5 leaves per plant for A. tequilana (Nobel 
and Valenzuela, 1987), individual leaves of these two 
species are also less massive than those of A. mapisaga and 
A. salmiana observed in the present study. 

Based on the number of leaves unfolding annually per 
plant, the dry weight of such leaves, and the number of plants 
per hectare, productivity per unit ground area can be esti- 
mated for A. mapisaga and A. salmiana, assuming a similar 
biomass distribution between unfolded leaves, folded 
leaves, and stem as found for other agaves (Nobel, 1988). 
For 7- year -old plants of A. fourcroydes with an average of 
26 leaves of mean dry weight of 0.132 kg unfolding annually, 
aboveground productivity is 16 metric tons ha -1 yr-1 when 
there are 4000 plants per hectare (Nobel, 1985). For A. te- 
quilana of the same age, 46 leaves of mean dry weight of 
0.134 kg unfolded annually per plant for 3000 plants ha -1' 
leads to a productivity of 21 tons ha-1 yr -1 (Nobel and Va- 
lenzuela, 1987). For A. mapisaga of similar age and 1800 
plants ha -1, 8.8 leaves with 1.40 kg dry weight unfolding 
annually per plant correspond to an aboveground produc- 
tivity of 25 tons ha-1 yr -1. The comparable productivity 
for A. salmiana with 8.2 leaves of 1.53 kg dry weight un- 
folding annually is 26 tons ha -1 yr -1. Such high produc- 
tivities are consistent with the large nocturnal increase in 
acidity for A. salmiana, which can reach 0.93 mmol per m2 
leaf area, higher than reported for any other Crassulacean 
acid metabolism plant (Nobel, 1988). Although annual pro- 
ductivity can be higher for alfalfa (Medicago sativa),sugar 
cane (Saccharum officinarum), certain other agricultural 
crops, and managed forests, the annual productivity of most 
agronomic plants ranges from 10 to 20 tons ha-1 yr -1 
(Evans, 1975; Loomis, 1983; Nobel, 1988). Hence, the 
aboveground annual productivities of 16 to 26 tons ha -1 
yr -1 for A. fourcroydes, A. mapisaga, A. salmiana, and A. 
tequilana exceed those of most agronomic crops. 

Removal of the cuticle during the last quarter of the life 
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cycle of A. salmiana interferes with subsequent leaf unfold- 
ing and presumably with pulque production, so various 
methods are used to prevent cuticle theft (no plants are 
grown exclusively for cuticle harvesting for mixiote). The 
most common treatment is to render the cuticle unusable 
for mixiote by cutting the central spike of folded leaves with 
a machete. This leads to as much inhibition of leaf unfold- 
ing over a two -year period as allowing the cuticle to be re- 
moved once (cuticle theft can occur more than one time 
from the same plant), presumably because of the loss of 
considerable photosynthetic surface area (Nobel, 1988), al- 
though other damage to the cut leaves may have occurred. 
The more recent practice of puncturing the central spike of 
folded leaves deters theft by damaging the cuticle with little 
negative impact on leaf unfolding for A. salmiana. Further 
study is necessary to evaluate the consequences to pulque 
productivity itself of cutting the central spike of folded 
leaves or the more promising technique of making holes in 
the central spike. 
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