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Abstract 
A Louisiana sugarcane field is typically replanted every four years due to declining yields, and, although, it is a 
costly process, it is both necessary and an opportunity to maximize the financial return during the next four year 
cropping cycle. Fallow planting systems (FPS) during the fallow period prior to replanting sugarcane have the 
potential to influence not only the following sugarcane crop, but the economics of the production system as a 
whole. A 2 year experiment was conducted at the USDA, ARS, Sugarcane Research Unit at Houma, LA to 
determine the impact of unique FPS on sugarcane production. The experiment included seven treatments; two 
cover crops, kenaf (Hibiscus cannabinus L.) and cowpeas (Vigna unguiculata L. Walp.), three FPS harvest 
treatments for each FPS crop, and a control. The experiment had four replications. Kenaf was selected as a 
potential cover crop due to interest in its commercial by-products and cowpea was selected due to its potential to 
facilitate climate friendly soils. The kenaf and cowpeas were planted on 8 May 2013. The three FPS harvest 
treatments included the removal of the FPS crop at 50 days after planting (DAP), the removal of the harvested 
FPS crop at 100 DAP, and lastly, cutting the FPS crop at 100 DAP and incorporating the plant material into the 
soil prior to sugarcane planting. The control treatment did not have a cover crop. Unlike kenaf, the cowpea leaf, 
fresh and dry weight yields (50 DAP), 19.4 and 2.5 mt/ha, respectively, decreased to 17.0 and 2.4 mt/ha (100 
DAP). Although the sugarcane total recoverable sucrose (TRS) (kg/mt) was greater with the kenaf cover-crop 
treatment 50 DAP (120 kg/mt) compared to the cowpea treatment 50 DAP (111 kg/mt) and the cowpea 100 DAP 
with the residue incorporated (112 kg/ha), none of the FPS crop treatments were significantly better or worse 
than the control (no cover crop). The average values for the sugarcane production factors across all treatments 
were 95,700 stalks/ha (millable stalks), 112 mt/ha (sugarcane yield), 114 kg/mt (sugar yield per metric ton of 
sugarcane), and 12,841 kg/ha (sugar yield per hectare). The results demonstrate the potential use of these 
alternative cover crops during the fallow period prior to planting sugarcane without adversely affecting the plant 
cane yields.  

Keywords: cover crops, cowpea, kenaf, plant partitioning, rotational crops, sugar, sugarcane, total recoverable 
sucrose, yield 

1. Introduction 
Louisiana sugarcane fields are typically replanted every four years due to declining yields, and, although, it is a 
costly process, it is both necessary and an opportunity to maximize the financial return during the next four year 
cropping cycle. Planting a cover crop during the fallow period prior to planting sugarcane has the potential to 
influence not only the following sugarcane crop, but the economics of the production system as a whole.  

1.1 Kenaf 

Kenaf (Hibiscus cannabinus L.) is a warm season, annual fiber crop in the same family as cotton (Gossypium 
hirsutum L., Malvaceae) and okra (Abelmoschus esculentus L., Malvaceae) that can be successfully produced in a 
various areas of the United States, particularly in the southern states (Webber & Bledsoe, 1993). Once it was 



jas.ccsenet.org Journal of Agricultural Science Vol. 8, No. 8; 2016 

14 

determined that kenaf was well suited for production in the US, research was initiated to maximize US kenaf yields. 
As a result, scientists successfully developed high-yielding anthracnose-resistant cultivars, cultural practices, and 
harvesting machinery that increased fiber yields (Nieschlag et al., 1960; White et al., 1970; Wilson et al., 1965). In 
the 1950s and early 1960s, in a quest to identify alternative crops for paper production, the USDA determined that 
kenaf would be a suitable crop for this purpose. It was determined that kenaf was an excellent cellulose fiber 
source for a large range of paper products (newsprint, bond paper, and corrugated liner board). It was also 
determined that pulping kenaf required less energy and chemical inputs for processing than standard wood sources 
(Nelson et al., 1962). Research in 1990s demonstrated the plant’s suitability for use in building materials (particle 
boards of various densities, thicknesses, with fire and insect resistance), adsorbents, textiles, livestock feed, and 
fibers in new and recycled plastics (injected molded and extruded) (Webber & Bledsoe, 1993).  

And, although, kenaf is usually considered a fiber crop, the entire kenaf plant, stalk (core and bark), and leaves, 
can be used as a livestock feed (Webber et al., 2002). Research indicates that it has high protein content (Clark & 
Wolff, 1969; Killinger, 1969). Crude protein in kenaf leaves ranged from 14% to 34% (Killinger, 1969; 
Suriyajantratong et al., 1973; Swingle et al., 1978; Webber, 1993), stalk crude protein ranged from 2% to 12% 
(Swingle et al., 1978; Webber, 1993), and whole-plant crude protein ranged from 6% to 23% (Killinger, 1969; 
Swingle et al., 1978; Webber, 1993). Kenaf can be ensilaged effectively, and it has satisfactory digestibility with 
a high percentage of digestible protein (Wing, 1967). Digestibility of dry matter and crude proteins in kenaf 
feeds ranged from 53% to 58% and 59% to 71%, respectively (Wing, 1967; Suriyajantratong et al., 1973; 
Swingle et al., 1978). Kenaf meal, used as a supplement in a rice ration for sheep, compared favorably with a 
ration containing alfalfa meal (Suriyajantratong et al., 1973). It has also been determined that chopped kenaf 
(29% dry matter, 15.5% crude protein, and 25% acid detergent fiber) is a suitable feed source for Spanish (meat-
type) goats (Wildeus et al., 1995).  

Researchers evaluating kenaf as a potential forage crop also determined that the age of plant at harvest can 
influence plant composition, such as leaf percentages, and protein content (Webber, 1993a; Bhardwaj & Webber, 
1994). The leaf biomass percentage and percent crude protein decreased as the kenaf plant increased in height and 
maturity. This composition and quality change occurred because the lower leaves senesce, often producing plants 
at DAP without leaves on the lower one-half to three-quarters of the plant stalk. Webber (1993a) reported leaf 
biomass percentages decreased from 36.2% at 76 DAP to 20.2% for a full season kenaf. Bhardwaj and Webber 
(1994) determined in a forage evaluation of 6 cultivars that kenaf plant crude protein decreased from 8% to 5% 
between harvests at 70 to 140 DAP. Bhardwaj et al. (1995) examined the prospect of multiple kenaf forage harvests 
during a single growing season, harvesting kenaf at 85, 92, and 99 DAP and then reharvesting the same plants at 
179 DAP. The research demonstrated the feasibility of multiple kenaf harvests, and that kenaf protein during the 
second harvests was equal to or greater than the first harvests.  

Kenaf can also be a beneficial rotational crop or cover crop. Webber (1999) determined that kenaf grown in 
rotation with soybeans [Glycine max (L.) Merr., Fabaceae]. Not only did kenaf served as an alternative fiber and 
feed crop, it also reduced the presence of stunt nematode (Tylenchorhynchus spp.) populations, which benefited the 
next year’s soybean crop. Unfortunately, it has also been determined that kenaf can be allelopathic to other plant 
species (Russo et al., 1997a, 1997b; Webber et al., 2015a, 2015b). It is unknown whether using kenaf as a 
rotational crop for sugarcane will detrimentally impact the following sugarcane crop. 

1.2 Cowpea 

Cowpea (Vigna unguiculata L. Walp.) is often used a rotational crop/cover crop because it is a legume crop with 
the potential to add soil nitrogen (Cherr et al., 2006; Creamer & Baldwin, 2000; Dabney et al., 2001), increase 
soil health and tilth (Abdul-Baki et al., 2005; Harrison et al., 2006; Teasdale, 1998; Teasdale & Abdul-Baki, 
1997; Teasdale & Shirley, 1998), and suppress weeds (Herrero et al., 2001; Hill et al., 2006; Hutchinson & 
McGiffen, 2000; McGiffen et al., 2000; Ngouajio & McGiffen, 2002; Ngouajio et al., 2003; Unamma et al., 
1986). As with kenaf, research has also shown that cowpea has exhibited allelopathic activity (Adler & Chase, 
2007; Hill et al., 2007).  

1.3 Objective 

A 2 year experiment was conducted at the USDA, ARS, Sugarcane Research Unit, Houma, LA to determine the 
impact of cover crop production on sugarcane production. Kenaf and cowpea were chosen as potential rotational 
cover crops for planting during the fallow period prior to replanting sugarcane. 
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2. Materials and Methods 
2.1 Cover Crops 

2.1.1 Kenaf and Cowpea Establishment 

The experiment was conducted at the USDA-ARS Sugarcane Research Unit station in Houma, LA (29°35′2″N, 
90°43′39″W) on a Cancienne silt loam and silty clay loam soils, 0-1% slope. The experiment included seven 
treatments; two cover crops, kenaf var. ‘Everglades 41’ and cowpeas (Vigna unguiculata L. Walp.) var. ‘Iron 
Clay’, three FPS harvest treatments for each cover crop, and a control. The experiment had four replications. The 
three FPS harvest treatments included the removal of the cover crop at 50 days after planting (DAP), the removal 
of the harvested cover crop at 100 DAP, and lastly, cutting the cover crop at 100 DAP and incorporating the plant 
material into the soil prior to sugarcane planting (Table 1). The control treatment did not have a cover crop. Prior 
to planting nitrogen was applied and incorporated at a rate of 90 kg/ha (May 8, 2013). The kenaf and cowpeas 
were planted in 2 rows, 76 cm spacing, on raised beds (1.8 m centers) at a rate 28.4 seeds/m on May 8, 2013. A 
seed inoculant (Rhizobium leguminosarum biovar viceae) was added to the cowpea seed just prior to planting 
(Johnny’s Selected Seeds, Winslow, ME). Each plot contained 3 raised beds (2 cover crop rows/bed) and plots 
were 7.6 m long. The day following planting, pendimethalin (N-(1-ethylpropyl)-3,4-dimethyl-2,6- 
dinitrobenzenamine) was applied as a pre-emergence herbicide at a rate of 1.06 kg a.i./ha (May 9, 2013). The 
annual rainfall for 2013 was 415.0 mm. No additional water was applied.  

2.1.2 Kenaf and Cowpea Harvests 

(1) Kenaf 50-R and Cowpea 50-R 

At 50 DAP (June 27, 2013), the two rows of cover crop in the center 3 m length on the middle raised bed were 
harvested to determine the plant population and yields. A 5 plant subsample was collected from each bulk sample. 
The 5 plants in the subsamples were separated into leaves and stalks, and the fresh and oven dry weight (60 °C) 
(Webber et al., 2016) determined (Tables 2 and 3). The entire plot area (3 raised beds × 1.8 m centers × 7.6 m 
length) for each 50 DAP cover crop was harvested and the plant material removed from the location.  

(2) Kenaf 100-R, Kenaf 100-I, Cowpea 100-R and Cowpea 100-I 

At 100 DAP (16 August 2013), the two cover crop rows in the center 3 m length on the middle raised bed were 
harvested at ground level to determine the plant population and yields. A 5 plant subsample was collected from 
each bulk sample. The 5 plants in the subsamples were separated into leaves and stalks, and the fresh and oven 
dry weight (60 °C) determined (Tables 2 and 3). The entire plot area (3 raised beds × 1.8 m centers × 7.6 m 
length) for each 100 DAP cover crop was harvested. The plant material for the Kenaf 100-R and Cowpea 100-R 
were then removed from the entire plot area (3 raised beds × 1.8 m centers × 7.6 m length), while the plant 
material for the Kenaf 100-I and Cowpea 100-I plots was left in place to be soil incorporated prior to planting the 
sugarcane.  

2.2 Sugarcane  

2.2.1 Sugarcane Establishment 

Sugarcane variety HoCP 96-540 was planted on August 26, 2013, 110 days after planting the cover crops, 60 d 
after harvesting the 50 DAP cover crops, and 10 d after harvesting the 100 DAP cover crops. The HoCP 96-540 
(Tew et al., 2005a) seed cane was planted with whole stalk cane, 3 stalks with a 10% overlap. The sugarcane was 
then covered (8 cm) and a roller-press was used to secure the raised beds and provide good soil to seed cane 
contact. A tank-mix containing metribuzin (4-amino-6-tert-butyl-4,5-dihydro-3-methylthio-1,2,4-triazin-5-one) 
at 3.4 kg a.i./ha and pendimethalin at 2.2 kg a.i./ha was broadcast immediately after planting for weed control. 
Standard sugarcane production practices were used throughout the summer and fall of 2013, and spring and 
summer of 2014. Plots were fertilized by side-dressing with 112 kg/ha N, 15 kg/ha P, and 55 kg/ha K. Annual 
rainfall for 2014 was 397.5 mm. Plots were not irrigated. 

2.2.2 Sugarcane Harvest 

Following millable stalk population (> 1.4 m) determination, 15 sugarcane stalks were randomly harvested from 
each plot on 17 November 2014. The total fresh weight of the 15 whole stalk bundles were measured prior to 
cutting the stalks in billet for processing in a prebreaker (Model 702, Cameco Industries, Inc., Thibodaux, LA). A 
1000 g sample of the chopped sugarcane was then placed in a press (Model 703, Cameco Industries, Inc., 
Thibodaux, LA) to extract the juice for theoretical recoverable sucrose (TRS), which was estimated by the 
product of Brix by using a refractometer and pol % sucrose by direct polarization (Meade & Chen, 1977; 
Johnson & Richard, 2005). Sucrose yield (kg/ha) was calculated as the product of sugarcane yields and TRS 
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(White et al., 2010). All data were subjected to ANOVA and mean separation using LSD with P = 0.05 (SAS Inc., 
SAS, Ver. 9.0, Cary, NC).  

 
Table 1. Treatment Table: Experimental cover crop treatments prior to planting the primary sugarcane crop 

Cover Crop Treatment Harvest Date DAPZ 
Cover Crop HandlingY 
(Removed or Incorporated)

Primary Crop Treatment Code 

Kenaf 50 Removed
X
 Sugarcane Kenaf 50-R 

Kenaf 100 Removed Sugarcane Kenaf 100-R 

Kenaf  100 IncorporatedW Sugarcane Kenaf 100-I 

Cowpea 50 Removed Sugarcane Cowpea 50-R 

Cowpea 100 Removed Sugarcane Cowpea 100-R 

Cowpea 100 Incorporated Sugarcane Cowpea 100-I 

Control (Fallow) - - Sugarcane Control 

Note. ZDAP = Days After Planting; YCover Crop Handling (Removed or Incorporated) = Cover crops (kenaf and 
cowpea) were either harvested at ground level and removed or harvested, left in place, and incorporated prior to 
planting the sugarcane; XRemoved = Cover crop was harvested and removed; WIncorporated = Cover crop was 
harvested and incorporated in place prior to sugarcane planting. 

 
3. Results and Discussion 
3.1 Cover Crop Yields 

The harvest dates, 50 DAP vs. 100 DAP, significantly influenced the yield and plant partitioning for both cover 
crops across all parameters measured (Tables 2 and 3). The impact for DAP harvesting for kenaf was consistent 
across the yield and plant partitioning (Tables 2 and 3). Kenaf fresh and dry yields, for the leaves, stalks, and 
whole plants, increased from the 50 to 100 DAP (Tables 2 and 3). The kenaf moisture content (% moisture) 
consistently decreased for the leaves, stalks and whole plant from 50 to 100 DAP (Table 3), while the percentage 
the fresh and dry weight of the leaves decreased and the percentage of fresh and dry weight of the stalks 
increased on the whole plant basis (Table 3).  

Cowpea, in most aspects, followed a similar trend as kenaf as influenced by DAP harvests (Tables 2 and 3) with 
the exception of the cowpea leaf fresh and dry weights (Table 2). Unlike kenaf, the cowpea leaf, fresh and dry 
weight yields (50 DAP), 19.4 and 2.5 mt/ha, respectively, decreased to 17.0 and 2.4 mt/ha (100 DAP) (Table 4). 
Although, it is not unexpected for the leaf weight percentage to decrease on the whole plant basis, this does not 
typically result in a decrease in total leaf yield. Perhaps, it was the natural decrease in cowpea plant population 
from 264,000 plants/ha (50 DAP) to 208,000 plants/ha (100 DAP) (Table 3). This 21% decrease in plant 
population may have been partially responsible for the slight decrease in leaf yields, while still producing a 40% 
increase in whole plant yields from 4.1 to 5.9 mt/ha, 50 DAP and 100 DAP, respectively (Table 2). As is typical 
for kenaf, intra-crop competition can reduce plant populations, as seen in the 6.5% reduction in the kenaf plant 
population from 323,000 (50 DAP) to 302,000 plants/ha (100 DAP) (Table 3) (Maina et al., 2002). Unlike the 
cowpea, where the whole plant dry weights only increased from 4.1 to 5.9 mt/ha, a 44% increase above the 50 
DAP (Table 3), the kenaf whole plant dry weights increased from 4.4 to 15.0 mt/ha, a 241% increase (Table 3). 
The majority of the kenaf whole dry weigh increase,10.6 mt/ha, was the result of the 9.6 mt/ha increase in stalk 
dry weights, 2.7 mt/ha (50 DAP) to 12.3 mt/ha (100 DAP) (Table 2).  

The differences in plant morphology for kenaf and cowpeas become obvious as the plant partitioning differences 
are compared at 100 DAP (Table 3). On the whole plant basis, the kenaf stalk dry weight percentages are 82% 
compared to only 59% for the cowpea (Table 3). The differences observed when comparing these two cover 
crops is probably due to a large extent explained by the breeding programs which selected them for different 
intended end uses, fiber (kenaf) and forage (cowpea). The kenaf variety ‘Everglades 41’ was specially developed 
for stalk production over that of leaf production, whereas the cowpea variety ‘Iron and Clay’ was developed for 
its nitrogen production as a forage or green manure crop. As Everglades 41 develops past the 50 DAP maturity 
level at population similar as those in this study, the plant tends to produce a single erect stalk with the lower 
leaves abscising as new leaves are produced higher on the plant’s stalk. This growth habit results in a slower rate 
of dry leaf accumulation compared to a greater rate of stalk dry weight accumulation (Tables 2 and 3).  
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Table 2. Impact of harvest date, days after planting (DAP), on cover crop (kenaf and cowpea) yields 

Cover Crop & DAPZ 

Leaves 

Fresh 

Weight 

Leaves 

Dry 

Weight 

Stalk 

Fresh 

Weight 

Stalk 

Dry 

Weight 

Whole Plant (Leaves & Stalks) 

Fresh 

Weight 

Dry 

Weight 
Plant Pop. 

--mt/ha-- --mt/ha-- --mt/ha-- --mt/ha-- --mt/ha-- --mt/ha-- --plts/ha-- 

Kenaf 50-RY 10.4 cW 1.7 c 17.4 c 2.7 c 27.8 d 4.4 c 322,910 a  

Kenaf 100-R 15.4 b 2.7 a 51.0 a 12.3 a 66.4 a 15.0 a 302,280 b 

Kenaf 100-IX 15.4 b 2.7 a 51.0 a 12.3 a 66.4 a 15.0 a 302,280 b 

Cowpea 50-R 19.4 a 2.5 b 14.0 d 1.6 d 33.5 c 4.1 c 263,710 c 

Cowpea 100-R 17.0 b 2.4 b 21.4 b 3.5 b 38.4 b 5.9 b 207,649 d 

Cowpea 100-I 17.0 b 2.4 b 21.4 b 3.5 b 38.4 b 5.9 b 207,649 d 

Note. ZDAP = Days After Planting; YR =Removed = Cover crop was harvested and removed; XI = Incorporated = 
Cover crop was harvested and incorporated in place prior to sugarcane planting; WMeans in a column followed 
by the same lower case letter are not significantly different at P ≤ 0.05, ANOVA. 
 
Table 3. Impact of harvest date (DAP) on cover crop plant moisture and partitioning 

Cover Crop & DAPZ 

Leaves Stalks Total 
Moisture 
Content 

Fresh 
Weight 

Moisture 
Content 

Dry 
Weight 

Fresh 
Weight 

Moisture 
Content 

Dry 
Weight 

% % % % % % % 

Kenaf 50-RY 37.4 cW 83.5 bc 39.2 b 62.6 b 84.7 b 60.8 b 84.2 b 

Kenaf 100-R 23.2 d 82.6 c 17.8 c 76.9 a 75.8 c 82.2 a 77.4 c 

Kenaf 100-IX 23.2 d 82.6 c 17.8 c 76.9 a 75.8 c 82.2 a 77.4 c 

Cowpea 50-R 58.1 a 87.1 a 61.2 a 41.9 d 88.6 a 38.8 c 87.7 a 

Cowpea 100-R 44.3 b 85.2 ab 40.7 b 55.7 c 82.7 b 59.4 b 83.9 b 

Cowpea 100-I 44.3 b 85.2 ab 40.7 b 55.7 c 82.7 b 59.4 b 83.9 b 

Note. ZDAP = Days After Planting; YR = Removed = Cover crop was harvested and removed; XI = Incorporated 
= Cover crop was harvested and incorporated in place prior to sugarcane planting; WMeans in a column followed 
by the same lower case letter are not significantly different at P ≤ 0.05, ANOVA. 
 
3.2 Sugarcane Yields 

The cover crops (kenaf and cowpea) and their harvest options (50-R, 100-R, and 100-I) did not adversely impact 
or benefit the sugarcane millable stalk populations (millable stalks/ha) when compared to the control treatment 
(no cover crop) (Table 4). The sugarcane millable stock populations were significantly greater when comparing 
the Cowpea 100-R (100 DAP + Removial), 107,637 plants/ha compared to Kenaf 100-I (100 DAP + 
Incorporated), 82,971 millable stalks/ha (Table 4).  

There were no significant differences between the cover crop treatments and the control treatment, or among any 
of the cover crop treatments for sugarcane yields (mt/ha) (Table 4). Sugarcane yields averaged 112 mt/ha across 
all the treatments with a range of 103 mt/ha for the Kenaf 100-I treatment to 117 mt/ha for the Cowpea 100-R 
treatment, with the control producing 113 mt/ha (Table 4).  

The cover crop treatments did not adversely impact or benefit the sugarcane total recoverable sugar (TRS) when 
compared to the control treatment (Table 4). The TRS for Kenaf 50-R (120 kg/mt) was significantly greater than 
either Cowpea 50-R (111 kg/mt) and Cowpea 100-I (112 kg/mt) treatments.  

There were no significant differences between the cover crop treatments and the control, or among the cover 
crop treatments for sugar yields (kg/ha). Sugar yields averaged 12,841 kg/ha across experimental treatments, 
with a range from 11,708 kg/ha (Kenaf 100-I) to 13,683 kg/ha (Kenaf 50-R). The control produced 13,014 kg/ha 
(Table 4). 
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Table 4. Impact of cover crop treatments on sugarcane yield parameters 

Cover Crop & DAPZ 
Millable Stalk 
Population 

Sugarcane Yield 
Total Recoverable 
Sucrose 

Sugar Yield 

 stalks/ha mt/ha kg/mt kg/ha 

Kenaf 50-RY 96,426 abcV 113.6 a 120.5 a 13,683 a 

Kenaf 100-R 96,426 abc 116.9 a 113.2 ab 13,238 a 

Kenaf 100-IX 82,971 c 102.0 a 114.8 ab 11,708 a 

Cowpea 50-R 92,838 abc 107.9 a 111.4 b 12,023 a 

Cowpea 100-R 107,637 a 117.0 a  112.8 ab 13,200 a 

Cowpea 100-I 99,564 ab 116.2 a 112.1 b 13,019 a 

Control (Fallow) 94,033 abc 113.0 a 115.2 ab 13,014 a 

Note. ZDAP = Days After Planting; YR = Removed = Cover crop was harvested and removed; XI = Incorporated 
= Cover crop was harvested and incorporated in place prior to sugarcane planting; WTotal Recoverable Sucrose = 
TRS; VMeans in a column followed by the same lower case letter are not significantly different at P ≤ 0.05, 
ANOVA. 

 
4. Conclusions 
Although the kenaf cover-crop treatment 50 DAP did produce greater TRS (120 kg/mt) compared the Cowpea 
50-R DAP treatment (111 kg/mt) and the Cowpea 100-I DAP (112 kg/ha), none of the cover crop treatments 
were significantly better or worse than the control, which had no cover crop. The Kenaf 100-I treatment (kenaf 
incorporation after 100 DAP) may present potential problems related to allelopathy as indicated by the trend of 
decreased sugarcane millable stalk populations (Webber et al., 2015a, 2015b). The incorporation of the kenaf 
certainly didn’t provide any positive trends for the sugarcane production factors. The results demonstrate the 
potential use of these alternative cover crops during the fallow period prior to planting sugarcane, especially in 
the case of kenaf if it is removed for other uses, without adversely affecting the plant cane yields. 
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