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Abstract 

With increasing worldwide use of newsprint and wood products, the demand for nonwood fiber sources such as kenaf 
is expected to grow. Extensive studies were initiated to determine the potential for cultivation of kenaf in Argentina. Kenaf 
was grown at five locations in northwestern Argentina (Alberdi, Metan, Pichanal, Yuto I and Yuto II). Eight cultivars 
evaluated were Cubano, Everglades 41, Everglades 71, N 7, Tainung 1, Tainung 2, SF 45-9 and SF 192. Dry matter, long 
fiber, percent long fiber, stem diameter, number of stems per meter of row, and capsule production were measured. No 
significant differences were found for dry matter, long fiber and capsule yield among varieties at any of the test sites. At 
Pichanal, the percent long fiber was higher for Cubano (42.9%), than Tainung 2 (34.6%). Productivity in terms of dry 
matter and long fiber was greater at Yuto I, which had the highest rainfall and longest growing season than at the other 
locations. More seed capsules were produced at Yuto II than at the other sites. There were no differences in percent long 
fiber associated with location. 
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1. Introduction 

Kenaf (Hibiscus can&Gnus L.) is an annual used 

to manufacture newsprint and other paper products 
(Kugler, 1988). The plant is a rapid growing native 
of tropical Africa which can produce 15 to 25 tons of 
dry fiber per hectare in a single season. The USDA 
and private companies in the USA have invested a 
significant amount of money into research aimed at 
developing this plant as an alternative source of fiber 
for paper products (Coates and Ayerza, 1995). The 
foliage can also be utilized as animal food. 

Kenaf pulps have been shown to be superior to 
commercial hardwood pulps, and with the excep- 
tion of tear resistance, are comparable in quality 

*Corresponding author. Fax: (520) 741-1468. 

to softwood pulps (Nelson et al., 1962). Pulp and 
newsprint prices have risen dramatically in recent 
years (Beaumont, 1995; Simon, 1995). With the 
increasing worldwide use for newsprint and other 

paper products, demand for nonwood fiber sources 
such as kenaf is also expanding. 

Argentina imported approximately $128.9 million 
dollars of newsprint, cardboard and other paper prod- 
ucts annually between 1986 and 1993 (Instituto Na- 
cional de Estadistica y Censos, 1994). Paper use in 
Argentina has increased 30% in recent years, while 
raw material production has grown only 2% (Takacs, 
1992). New, domestic sources of pulp will reduce 
imports and provide a needed economic stimulus to 
the agricultural sector of northwestern Argentina. 

In northwestern Argentina, three pulping facilities 
have a combined potential processing capacity of 
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approximately 215,000 tons of paper per year. Two 
of these use a continuous process to digest sugarcane 
bagasse. Because such bagasse fibers are very short, 
a longer fiber material must be added to produce 
paper with adequate tear strength. Both bagasse pro- 
cessing facilities use long-fiber pine pulp, which is 

either imported from Canada or acquired domesti- 
cally from northeastern Argentina. These processors 
prefer replacing pine with kenaf. To facilitate this, 

kenaf pulp must be cheaper and have superior prop- 

erties than pine pulp (Coates and Ayerza, 1995). 
A research project was initiated in 1991 to evalu- 

ate the potential for kenaf production in northwestern 
Argentina. Results indicated that: (1) kenaf fiber and 
seed can be produced in northwestern Argentina, (2) 
pulp made from kenaf grown in the region was of ex- 
cellent quality, and (3) additional varietal tests were 
needed to determine the best adapted cultivars (Ay- 
erza and Cook, 1992; Ayerza and Cook, 1994). This 
project was further expanded to identify the most 
suitable areas and varieties. This paper presents the 

results of the first year’s trials for kenaf cultivation in 
northwestern Argentina. 

2. Materials and methods 

Experimental plots were established at five loca- 
tions within northwestern Argentina (Table 1). The 
soil types are, according to the soil classification 
system of the Food and Agricultural Organization 
(1976), Phaeozen luvico (Pichanal, Yuto I and Yuto 
II), Fluvisol calcareo (Metan and Alberdi). 

A randomized complete block design with four 
replications was used. Each plot had three rows 10 
m long, spaced 0.8 m apart. The plots were 2 m 
apart. The eight cultivars selected for the trials were 
provided by the United States Department of Agri- 

Table 1 
Geographic description of the five test sites 

culture, Agricultural Research Station, Subtropical 

Research Laboratory, Weslaco, Texas. The cultivars 
were Cubano, Everglades 41, Everglades 71, N 7, 
Tainung 1, Tainung 2, SF 45-9 and SF 192. 

Cultural practices for the test sites are listed in 
Table 2. Agronomic practices were not the same 
for all locations to follow local procedures at each 
location. 

Six irrigations were applied at Pichanal during 

the growing season using the traditional furrow sys- 

tem found in the region. The other sites were not 
irrigated. Ant infestations in the young plants were 
controlled with Heptachloro. Other insects were con- 
trolled with Maktion 40 when needed. No insect 
problems were encountered at Alberdi. Two appli- 
cations of 150 kg/ha of ammonium nitrate were 
applied, one on 25 February and again on 4 March 
at Pichanal. The other sites did not receive any fertil- 
izer. 

A l-m-long section from the center of the middle 
row of each plot was hand-harvested. The leaves 
and capsules were separated from the stalks. The 
stalks and capsules were weighed separately (cap- 
sule weight was not determined for Alberdi). The 
harvested stalks were counted, and stalk diameters 
at a point approximately 50 mm above the soil line 
were determined for 15 plants (stalk diameter was 
not determined for the Alberdi site). 

Ten stalks were randomly selected from each 
replicate and a 250-mm length near the base of each 
was removed and analyzed for dry matter and fiber 
content at the University of Catamarca’s Organic 
Chemistry Laboratory. Stalk, bast and core moisture 
contents were based on 70°C oven drying. Dry- 
weight yields were calculated based on the percent 
moisture content. For long fiber determination, sub- 
samples were taken from each replicate, and the bast 

Location 

Alberdi 

Metan 

Pichanal 

Yuto I 
Yuto II 

Province 

Tucuman 

Salta 

Salta 

Jujuy 
Juiuv 

South latitude 

27”36’ 

25”30’ 
23”17’ 

23”35’ 

23”38’ 

West longitude 

65”31’ 

64“58’ 

64”ll’ 

64”30’ 
64-24’ 

Elevation Mean temperature 

Cm) (“Cl 

369 19.2 

850 20.0 

300 22.0 
349 22.2 

350 22.2 
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Table 2 

Cultural practices and precipitation for the five test sites 

Location 

Alberdi 

Metan 

Pichanal 

Yuto I 

Yuto II 

Seeding Density 

date (seeds/m) 

01/19/95 27 

12/19/94 27 

12124194 27 

1 l/28/94 27 

12130194 27 

Irrigation 

no 

no 

yes 
no 

no 

Pests 

no 

yes 

yes 

yes 

yes 

Fertilizer 

no 

no 

yes 
no 

no 

Harvest Precipitation 
date (mm) 

7120 507 

7107 668 

7/09 490 

7130 638 

7130 509 

Length of growmg 

season (,days) 

181 

199 

196 

249 

211 

and core fibers separated by hand. Each fraction was 
weighed, oven-dried and reweighed. 

Each variable was compared using standard statis- 
tical analysis of variance to assess treatment differ- 
ences. When the F-value was significant (P < O.OS), 
differences in means were analyzed for significance 
using the Ryan-Gabriel-Welsch Multiple Range test 
(SAS Institute, 1988). 

3. Results and discussion 

Capsule production was measured since this in- 
formation was needed to assess the adequacy of seed 
supplies for future cropping. No statistically signifi- 
cant differences in the amount of capsules produced 
were found among varieties at four test sites (Ta- 
ble 3). Capsule weight was not determined for the 
Alberdi site. 

No statistically significant differences in total dry 
matter among varieties was found except at Metan. 
At this site, SF 192 (8.52 t/ha) and Everglades 
41 (8.35 t/ha) produced more dry matter than N 
7 (4.40 t/ha) (Table 3). This finding substantiates 
results from the Uniform Kenaf Variety Test which 

has shown that some cultivars provide consistently 
different yields at some locations, while others do 
not (Cook et al., 1995). The difference, however, 
could not be attributed to differences in plant counts 
as these were found not to be statistically different 

(Table 3). 
Dry matter yields in Alberdi in 1995 were lower 

than those reported in 1994 (Ayerza et al., 1994) for 
the same cultivars. The differences may have been 
a result of differences in rainfall between the two 
growing seasons. In 1994, rainfall totalled 437 mm 
compared to 507 mm in 1995. The same magnitude 
of difference in yield was observed at Metan between 

1994 and 1995. The rainfall at Metan was 578 mm 
in 1994, and 668 mm in 1995. Variation of kenaf 
yields associated with differences in water quantities 

have also been observed in studies at Eagle Lake, 
Texas (Sij, 1987), at Catamarca, Argentina (Ayerza 
and Cook, 1994), and at Bologna, Italy (Mambelli 
and Grandi, 1995). The yields obtained at Pichanal 
in 1995 were similar to those in 1994. In this case, 

the plots were irrigated both years. 
The quantity of long fiber was different between 

two cultivars, SF 192 (3.31 t/ha) and N 7 (1.65 t/ha) 

at Metan (Table 3). At Pichanal, a statistically sig- 
nificant difference in percent long fiber was present 
between the cultivars Cubano (42.88%) and Tainung 
2 (34.57%) (Table 3). Otherwise no differences were 
observed for total dry matter, long fiber percentage, 
and long fiber yield for the other location and variety 
combinations. 

Plant stem diameter differed among cultivars at 
three of the five sites. However, the differences were 
not consistent among varieties (Table 3). Overall, 
Cubano, Everglades 41 and Tainung 1 had the largest 
stalk diameter. These diameters were similar to those 
reported for Catamarca (Ayerza and Cook, 1994). 
The stem diameter differences between the Cubano, 
Everglades 41 and Tainung 1 varieties may reflect 
differences in plant density, although regression anal- 
ysis did not show this. 

Dry matter and long fiber production at the Yuto I 
site were significantly greater than at any of the other 
sites (Table 4). The kenaf at Yuto I was planted 21, 
26, 32, and 52 days earlier than at Metan, Pichanal, 
Yuto II and Alberdi, respectively. Previous studies 
have reported yield reductions from delayed sowing 
dates (Robinson, 1989; Sij, 1987; Sij and Nufiez, 
1990). Kenaf productivity has been shown to be 
positively affected by rainfall and length of growing 
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Table 3 
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Performance of eight kenaf varieties at five sites in northwestern Argentina 

- 

Location Variety 

Alberdi Cubano 

Evrgld 41 

Evrgld 7 1 

N7 

SF 45-9 

SF 192 

Tainung 1 

Taimmg 2 

Metan Cubano 

Evrgld 41 

Evrgld 71 

N7 

SF 45-9 

SF 192 

Tainung 1 

Tainung 2 

Pichanal Cubano 

Evrgld 41 

Evrgld 7 1 

N7 

SF 45-9 

SF 192 

Tainung 1 

Tainung 2 

Yuto I Cubano 

Evrgld 41 

Evrgld 7 1 

N7 

SF 45-9 

SF 192 

Tainung 1 

Tainung 2 

Yuto II Cubano 

Evrgld 41 

Evrgld 7 1 

N7 

SF 45-9 

SF 192 

Taimmg 1 

Tainung 2 

Plant count 

(No./m) 

Total dry matter 

(t/ha) 

Long fiber 

(%l 

Long fiber 

(t/ha) 

Diameter 

(mm) 

Capsules 

(t/ha) 

10.00 a 6.90 a 

12.25 a 7.72 a 

17.50 a 8.70 a 

15.00 a 6.05 a 

9.50 a 6.25 a 

13.75 a 8.44 a 

11.50 a 5.58 a 

15.00 a 7.46 a 

C” = 0.41 a cv = 0.27 

cr= 11.6b cr = 4.60 

9.15 b 

16.75 ab 

21.75 a 

14.50 ab 

20.00 a 

19.75 a 

14.25 ab 

13.25 ab 

cv = 0.31 

cr = 8.88 

6.08 ab 

8.36 a 

7.70 ab 

4.40 b 

6.16 ab 

8.52 a 

6.28 ab 

6.83 ab 

cv = 0.29 

cr = 3.51 

12.50 a 

14.50 a 

22.00 a 

18.00 a 

24.50 a 

19.50 a 

19.00 a 

21.50 a 

cv = 0.36 

cr = 15.50 

5.45 a 

6.16 a 

7.00 a 

6.46 a 
8.96 a 

7.70 a 

5.54 a 

6.28 a 

cv = 0.30 

cr = 4.88 

6.50 b 

7.50 b 

16.75 a 

8.50 b 

8.50 b 

11.25 ab 

9.75 ab 

14.00 ab 

cv = 0.41 

cr = 7.78 

9.61 a 

9.87 a 

11.35 a 

8.99 a 

12.27 a 

11.79 a 

10.28 a 

12.64 a 

cv = 0.35 

cr = 7.68 

7.50 a 
11.75 a 

13.25 a 

12.00 a 

10.25 a 

10.50 a 

9.50 a 

13.50 a 

cv = 0.32 

cr = 8.19 

5.84 a 
9.72 a 

9.49 a 

7.79 a 

8.87 a 

7.39 a 

6.56 a 

10.06 a 

cv = 0.35 

cr = 7.19 

37.81 a 

35.14 a 

36.56 a 

37.23 a 

43.26 a 

36.74 a 

36.82 a 

32.92 a 

cv = 0.13 

cr = 10.68 

39.94 a 

36.77 a 

38.89 a 

37.63 a 

45.56 a 

38.73 a 

37.28 a 

41.36 a 

cv = 0.14 

cr = 13.02 

42.88 a 

36.16 ab 

39.43 ab 

36.84 ab 

39.96 ab 

41.75 ab 

37.12 ab 

34.57 b 

cv = 1% 

cr = 7.64 

41.97 a 

34.56 a 

33.18 a 

33.18 a 

39.39 a 

38.73 a 

35.52 a 

39.24 a 

cv = 0.26 

cr = 24.49 

39.33 a 
34.92 a 

37.86 a 

33.59 a 
42.45 a 

33.84 a 

32.34 a 

34.45 a 

cv = 0.16 

cr = 12.81 

2.60 a 

2.71 a 

3.17 a 

2.32 a 

2.69 a 

3.05 a 

2.05 a 

2.41 a 

cv = 0.25 

cr = 1.54 

2.43 ab 

3.05 ab 

2.99 ab 

1.66 b 

2.78 ab 

3.31 a 

2.33 ab 

2.89 ab 

cv = 0.31 

cr = 1.54 

2.28 a 

2.23 a 

2.76 a 

2.38 a 

3.56 a 

3.20 a 

2.04 a 

2.15 a 

cv = 0.32 

cr = 1.82 

3.83 a 

3.51 a 

3.59 a 

3.01 a 

4.91 a 

4.58 a 

3.63 a 

5.34 a 

cv = 0.47 

cr = 3.86 

2.27 a 

3.35 a 

3.51 a 

2.74 a 

3.72 a 

2.43 a 

2.14 a 

3.46 a 

cv = 0.38 

cr = 2.79 

17.7 a 

17.4 a 

14.9 a 

15.3 a 

16.6 a 

14.9 a 

16.4 a 

15.2 a 

cv = 0.18 

cr = 6.66 

18.1 ab 

18.1 ab 

15.8 b 

17.6 ab 

15.2 b 

17.5 ab 

19.3 a 

15.6 b 

cv = 0.11 

cr = 3.45 

17.4 a 

18.1 a 

12.8 b 

13.5 b 

16.1 ab 

15.3 ab 

13.4 b 

14.6 ab 

cv = 0.17 

cr = 4.08 

26.5 ab 

30.1 a 

19.5 b 

25.2 ab 

23.4 ab 

20.5 b 

26.9 ab 

21.3 b 

cv = 0.20 

cr = 7.98 

23.6 a 

22.4 a 

22.0 a 

21.9 a 

24.1 a 

20.6 a 

26.0 a 

24.4 a 

cv = 0.13 

cr = 7.00 

n/a 

2.68 a 
2.53 a 

3.16 a 
2.02 a 
2.91 a 

3.13 a 
2.54 a 
2.16 a 

cv=O.27 

cr=l.51 

1.80 a 
2.28 a 

1.97 a 

1.52 a 
2.01 a 
1.93 a 

2.03 a 
1.54 a 

cv = 0.32 

cr = 1.62 

2.72 a 

2.91 a 

2.35 a 
3.35 a 
3.60 a 
3.03 a 
3.13 a 
3.13 a 

cv = 0.38 
cr = 2.26 

3.69 a 
4.63 a 
3.44 a 

4.22 a 
4.56 a 

3.93 a 
4.41 a 

4.03 a 

cv = 0.34 
cr = 3.26 

a cv = coefficient of variation. 

b cr = critical range for mean separation in Ryan-Einot-Gabriel-Welsch Multiple Range Test 
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Overall kenaf production at five sites in northwestern Argentina 

Location Total dry matter Long fiber Long fiber Capsules 

(t/ha) (%) (aa) (t/ha) 

Alberdi 7.14 b 37.06 a 2.62 b n/a 

Metan 6.79 b 39.52 a 2.68 b 2.61 b 

Pichanal 6.69 b 38.59 a 2.51 b 1.88 c 

Yuto I 10.85 a 36.97 a 4.01 a 3.03 b 

Yuto II 8.22 b 36.02 a 2.95 b 4.11 a 

cv = 0.39 a cv = 0.17 cv = 0.43 C” = 0.45 

cr = 1.79b cr = 4.21 cr = 0.78 cr = 0.68 

a cv = coefficient of variation. 

b cr = critical range for mean separation in Ryan-Einot-Gabriel-Welsch Multiple Range Test 

season (Mambelli and Grandi, 1995). These factors 
may have contributed to the yield differences found 
among the various test sites. 

Overall, Yuto II had greater capsule production 
than the other three sites. The percent long fiber 
produced by the eight cultivars was similar for all 
sites (Table 4). These results follow the findings 
obtained in Catamarca, Argentina (Ayerza and Cook, 
1994) and Tallahatchie, Mississippi (Sij and Turner, 
1988). 

4. Conclusions 

This preliminary study indicates that kenaf fiber 
can be produced reasonably well at all of the test 
sites compared to other locations in the world. The 
Yuto I site had the highest overall yield for 1995, 
but additional data are needed to establish its pro- 
ductivity. This site had the longest growing season 
and adequate precipitation, both essential factors 
for kenaf production. Additional trials are required 
to assess fully the potential of kenaf cultivation 
over the long term and under the wide range of 
soil and climatic conditions of northwestern Ar- 
gentina. 
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