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We i ~  the leaf shape, venalion pattern, Ifichomes, stomata, and branching of the inflorescence axes in 15 variet- 
ies of guayule (Parthenium argentaturo Gray) growing in India. Working from our study objective, we were unable to 
identify any specific correlation between these macro- and micro-morphological characteristics and rubber content. 
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Parthenium argentatum Gray, commonly Galled guayule, 
is a rubber-producing member of the Asteraceae. 
Although its variations in leaf form, branching of the 
inflorescence axis, and other morphological charac- 
teristics have been studied extensively (Mehta et al., 
1979; Wain et al, 1983; Healey et al., 1986), only. 
Mehta et al. (1979) has attempted to compare a 
group of such morphological characters (e.g., leaf 
shape, trichomes) in guayule, with those found in 
rubber-bearing plants growing in the Mexican desert. 
Morphological studies enable researchers to determine 
rubber content without sacrificing the entire plant. 
Our objective here was to identify any correlation 
between specific rubber content and the macro- and 
micro-morphological characteristics of guayule variet- 
ies recently introduced in India by the National 
Botanical Research Institute (NBRI), Lucknow. 

MATERIALS A N D  M E T H O D S  

Plant Material 

Fifteen varieties of guayule (P. argentatum Gray) 
were collected from the Botanical garden at NBRI, 
Lucknow. Their morphological characteristics are 
listed in Table 1. 

Stomatal Patterns 

Leaf-sample material was placed, with the adaxial 
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surface facing downward, on a glass plate, then flooded 
with parazone (domestic bleach). It was then scraped 
with a blade until the epidermal layer was reached 
(Ogundpie and Olatunji, 1991; Lee et al., 2000). The 
tissue was then washed in clean water and tempo- 
rarily mounted in glycerin. The same process was 
repeated for samples from the abaxial surface. We 
examined 10 to 20 peelings from each variety. In 
addition, inflorescence lengths were measured with a 
standard mm scale. 

Leaf Clearing 

To study venation patterns, an entire leaf was collected 
from each of the 15 guayule varieties. Trichomes on both 
sides of the leaf were scraped because their density 
would have hindered viewing of the venation. Leaves 
were cleared with a mixture of trichloroacetic acid 
and phenol, then stained with kores pad ink (Ravin- 
dranath and Inamdar, 1982, 1985; Kim et al., 1998). 

Description of Leaf Shapes 

We collected 100 to 200 leaves from each guayule 
variety to determine their most common leaf shapes. 

Trichome Study 

Leaf samples were stained with Delafield's haema- 
toxylin or Kores pad ink, then washed gently and 
thoroughly in tap water. Trichomes present on the 
adaxial and abaxial regions were scraped with a fine- 
edged razor blade and mounted on separate slides 
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with 50% glycerin jelly. Their dimensions were then 
measured by projecting their images on a vesopan 
attached to a Zeiss microscope. An average value for 
each parameter was calculated from 100 measure- 
ments. Likewise, mean lengths, diameters, and leaf areas 
were recorded (using sheets of graph paper) for 100 
leaves from each variety. The dried material was directly 
mounted on metallic stubs and a 400- & coating of a 
gold/palladium alloy was applied. The coated samples 
were observed under an SEM (Philips 505) for our tri- 
chome study. 

Estimating Rubber Content 

We dried leaf samples from each variety and deter- 

mined their rubber content using the extraction 
method of Buchanan et al. (1978). 

RESULTS AND DISCUSSION 

Each variety of guayule had a mixture of leaf types. 
Their shapes included elliptic, oblanceolate, and ovate, 
with entire margins or with two, six, or more toothed 
margins (Table 1). The pinnately dissected leaves had 
small or large teeth. For all varieties, the highest % fre- 
quency of leaf-type occurrence was with oblanceolate 
to elliptic leaves (Table 1 ). 

All parameters of leaf size were directly propor- 
tional to rubber content (Table 2). Therefore, we sug- 

r~hle 1. Micro-morphological studies on leaves of 15 varieties of P. argentatum. 

Frequency of leaf shape (%) Frequency of leaf margin (%) 
Variety Oblanceolate- 6-many 

elliptic Oblanceolate Ovate Entire 2 - 4 teeth 4 - 6 teeth teeth 

DP 54 21 25 7 45 22 26 
10576 33 33 34 12 37 23 28 
10576 44 28 22 14 36 23 27 
A48118 42 27 33 12 40 22 26 
G-39 38 36 26 13 37 23 27 
G-39 39 34 27 9 38 24 29 
11591 45 33 22 14 37 24 27 
11653 47 42 11 13 39 19 29 
11600 46 29 25 16 35 23 27 
G-97 40 24 26 11 36 23 30 
N-593 42 31 27 9 34 26 31 
11604 48 39 13 12 38 22 28 
N-396 46 33 21 18 36 22 32 
11604 41 36 23 14 34 23 29 
11488 43 31 26 16 39 20 28 

Table 2. Leaf characteristics for 15 varieties of P. argentatum. 

Rubber Length (cm) Width (cm) 
Variety content 

(%) Min Max Average Min Max Average 

Length Average 
leaf area 

width (ram2) 

DP 0.37 1.3 3.8 2.8 0.4 1.6 1.2 1:2.3 216 
10576 0.43 2.3 4.4 3.4 0.6 1.2 1.0 1:3.4 224 
10576 0.53 2.7 5.3 4.1 0.5 1.2 1.1 1:3.7 259 
A48118 0.62 2.1 4.9 3.9 0.7 1.8 1.1 1:3.5 244 
G-39 0.64 1.6 3.5 2.6 0.3 0.9 0.7 1:3.7 266 
G-39 0.71 2.2 5.6 3.8 0.2 1.1 1.0 1:3.8 267 
11591 0.73 1.2 1.8 3.8 0.3 1.8 1.1 1:3.8 273 
11653 0.99 1.6 5.9 4.3 0.4 1.2 1.1 1:3.9 284 
11600 1.04 1.4 4.9 3.6 0.3 1.4 0.8 1:4.0 286 
G-97 1.13 1.1 5.6 4.8 0.4 1.8 1.2 1:4.0 291 
N-593 1.23 1.8 4.4 3.6 0.6 1.3 0.9 1:4.0 286 
11604 1.36 1.4 6.4 5.3 3.7 1.6 1.2 1:4.4 294 
N-396 1.53 1.2 4.8 4.1 0.6 1.0 0.9 1:4.5 297 
11604 1.71 1.2 5.3 4.3 0.4 1.6 0.9 1:4.8 306 
11488 1.98 1.7 5.8 3.9 0.2 0.9 0.8 1:4.9 314 
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gest that leaf dimensions (e.g., leaf area, width/length 
ratio) can be somewhat reliable predictors of the 
capacity for rubber production in a particular guayule 
plant. 

The venation pattern of P. argentatum noted in the 
present study is similar to that described by Gilliland 
et al. (1984) and Ravindranath and Inamdar (1982, 

1985). Among the 15 varieties studied here, few differ- 
ences were seen in the number of secondaries on 
one side of the primary veins, the size and shape of 
the areoles, and the number of vein terminations in 
the areoles. Therefore, venation pattern cannot ade- 
quately predict rubber content. 

Acentric trichomes occurred more frequently in all 

Table 3. Macro-dimensional studies of trichomes from 15 varieties of P. argentatum. 

Cap cell frequency (%) Frequency of acentric cap cells (%) and their length gradients (~m) 

Variety Centric Acentric 110 - 150 151 - 200 201 - 250 251 - 300 301 - 350 351 - 400 

DP 10 90 6 14 30 26 10 4 
10576 12 88 8 4 24 10 34 8 
10576 14 86 5 18 36 10 12 5 
A48118 10 90 18 8 56 2 6 0 
G-39 16 84 6 20 34 18 2 4 
G-39 12 88 12 18 36 12 8 2 
11591 11 89 8 24 33 14 6 4 
11653 15 85 16 14 42 8 3 2 
11600 14 18 10 16 36 14 3 3 
G-97 8 92 8 24 38 12 2 8 
N-593 14 86 4 22 33 8 12 7 
11604 17 83 10 21 38 4 8 2 
N-396 13 87 18 19 31 11 4 4 
11604 14 18 12 18 37 8 3 8 
11488 17 83 10 10 38 8 6 3 

1"able 4. Dimensional studies of trichome from 15 varieties of P. argentatum. 

Rubber Trichome Trichome 
Sample Class value Variety content length diameter Arm ratio 

no. of rubber B:P 
(%) (IJ, m) (llm) 

1 0.30 DP 0.37 221.62 18.60 1:2.36 
2 A 10576 0.43 248.48 18.10 1:3.10 
3 11644 0.53 184.42 23.62 1:2.10 

0.60 

4 0.61 A48118 0.62 236.16 24.78 1:1.57 
5 B G-39 0.64 227.63 26.83 1:1.65 
6 G-4 0.71 180.50 22.54 1:1.46 
7 0.90 11591 0.73 194.83 26.67 1:1.49 

8 0.91 11653 0.99 227.67 25.07 1:1.78 
9 C 11600 1.04 200.56 17.66 1:2.66 

10 G-97 1.13 223.50 19.62 1:2.46 
1.20 

11 1.21 N-593 1.23 218.14 23.66 1:2.01 
D 

12 1.36 181.62 21.12 1:1.56 

1.50 11604 
13 1.51 N-396 1.53 200.00 21.14 1:1.67 

14 1.71 205.00 24.98 1:1.57 
1.80 11609 

15 F 1.81 11488 1.98 177.79 22.09 1:1.56 
2.10 

(2) Varieties collected from NBRI, Lucknow. (3) Estimated at liP, Dehradun 
(6) B:P = Blunt arm of trichome : Pointed arm of trichome. 
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varieties. The maximum number of cap cells in a T-tri- 
chome ranged from 110 to 400 tzm, with the model 
class of 201 to 250 ~m (Table 3). Again, this micro- 
character was not significantly correlated with rubber 
content among our guayule varieties. 

The overall ratio of length to diameter for cap cells 
in T trichomes (average of both adaxiat and abaxial 
leaf surfaces) for all 15 varieties was >150 lzm/18 Izm. 
However, among these varieties, no consistent decrease 
or increase was found in cap cell dimensions (Table 
1 ). Based on these results of varieties growing in India, 
therefore, we cannot substantiate the conclusions of 
Mehta et al. (1979), who suggested that cap-cell 
length decreased with an increase in rubber content. 

Regardless of guayule variety, cap cells on both leaf 
surfaces comprised a mix of arm shapes, both ends of 
the arms being blunt, or else one being short and 
blunt with the other having a long, pointed arm with 
either straight or wavy cell walls all along the pointed 
arm or curved at the tip. For all varieties, blunt arms 
occurred less frequently than did pointed arms in the 
cap cell. Nonetheless, the ratio of blunt arms to 
pointed arms was never significantly correlated with 
rubber content (Table 4). This is in contrast to the con- 
clusions of Mehta et aL (1979), who found a positive 
correlation between arm ratio and rubber content in 
the native guayule population, with arm ratio decreas- 
ing as rubber content increased. 

Because anomocytic stomata were observed in all 
guayule varieties, this character could not be consid- 
ered in our comparative study. 

Inflorescence axes branched one to four times near 
the tips, and these branches were longer than the 
main axis. Length of inflorescence-axis branches was 
not correlated with rubber production in our Indian- 
grown plants. 

Overall, none of the micro- and macro-morpholog- 
ical characteristics evaluated here are useful predic- 
tors of the rubber-bearing capacity of guayule plants 
growing in Indian agroclimatic conditions. Our results 
contradict those of Mehta et al. (1979), who reported 
that these characteristics could serve as indicators of 
the level of rubber production in guayule. Mehta et aL 
(1979) had reported that these characteristics could 
be modified by changes in climate, soil properties, or 

genetic makeup of the plant (Mehta et at., 1979). In 
the current study, only a limited number of plants (10 
to 15 per variety) were available for study. These one- 
year-old plants had been recently introduced to India 
through the NBRI, Lucknow. We can only presume 
that the plants sampled here, possessed the mix of 
morphological characteristics described by Mehta et 
al. (1979) for three groups of plants. 
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