
 

 

ABSTRACT 

FOOTE, WILLIAM RAY. Improving Cotton (Gossypium hirsutum L.) Production through 

Non-Traditional Practices. (Under the direction of Keith Edmisten.) 

 

Cotton producers in the southeastern United States are highly competitive with 

foreign producers, despite being subjected to higher labor, shipping, and regulatory costs. 

Regardless, in order to remain competitive, fluctuation in market prices and input costs force 

producers to continually search for innovative methods to produce higher yield without 

incurring additional costs. In these studies, several aspects of cotton production were 

identified and researched to evaluate their potential cost savings and yield improvement. 

Experiments were designed to: increase land use and net returns through intercropping cotton 

(Gossypium hirsutum L.) and wheat (Triticum aestivum L.); reduce nitrogen costs by using 

winter legume cover crops; improve water conservation through furrow diking; and improve 

sensor-based variable nitrogen prescription rates by determining the effects of mepiquat 

chloride on normalized difference vegetative index values. Also, relay intercropping of 

cotton in wheat was researched as an alternative to traditional double-cropping in North 

Carolina. 

The intercropping system produced wheat yield ranging from 65% to 85% of 

conventional wheat plantings, while maintaining cotton yield equal to mono-culture cotton. 

In addition, the intercropping system demonstrated the ability to suppress the population of 

thrips (Thysanoptera:Thripidae), with an economic return equaling that of conventional 

cotton planting and even exceeding that of double-cropped soybean. Furthermore, the use of 

legumes as a winter cover crop and a green manure was researched to determine the ease of 

establishment in un-harvested cotton in the fall and the ability to supply the total seasonal 

nitrogen requirement of cotton. Austrian winter pea (Pisum sativum L.) and crimson clover 



 

 

(Trifolium incarnatum L.) proved to be insensitive to the cotton harvest aid of thidiazuruon 

plus diuron in-field and provided the highest level of biomass when overseeded 14 days 

before defoliation. The highest lint yield was found when cover crops were terminated by a 

single broadcast herbicide applied 10 days before planting cotton. Lint yield of cotton treated 

with cover crops of crimson clover and hairy vetch (Vicia villosa Roth) equaled lint yield of 

cotton without cover crops and with 84 kg N ha
-1

 of liquid UAN applied. Net return of the 

legume cover crop/cotton system equaled net return of the cotton liquid nitrogen system.  

Experiments were also conducted to determine the yield responses of corn (Zea mays 

L.), cotton (Gossypium hirsutum L.), and peanut (Arachis hypogaea L.) to furrow diking in 

conventional tillage systems. Results showed that corn and peanut yields were not affected 

by furrow diking; however, cotton yield increased by 7% during two of four years. Further 

experiments were conducted in Georgia and North Carolina to determine the effects of 

mepiquat chloride on the GreenSeeker® optical sensor values, also known as normalized 

difference vegetative index (red and near-infrared wavebands). Normalized difference 

vegetative index values obtained using the GreenSeeker® sensor were sensitive to nitrogen 

rates but insensitive to mepiquat chloride applications. Thus, the GreenSeeker® has the 

potential to assess plant nitrogen status and predict cotton nitrogen requirements, regardless 

of whether or not a mepiquat chloride application has been performed. 
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ABSTRACT 

In the southeastern United States, winter wheat (Triticum aestivum L.) is often followed by 

the planting of soybean [Glycine max (L.) Merr.] immediately after the late spring/early 

summer wheat harvest. Yield of soybean can vary depending on environmental conditions 

associated with stand establishment, moisture for growth and development, and heat unit 

accumulation through late summer and fall. In North Carolina, double-cropping cotton 

(Gossypium hirsutum L.) and wheat often results in sub-optimal cotton yield and minimal 

investment return, most often due to lack of sufficient stand as a result of moisture limitations 

and a short growing season. Relay intercropping of cotton in wheat prior to harvest may be 

an alternative to traditional double-cropping. A relay intercropping system was tested at five 

locations over three years in North Carolina. Intercropped wheat yield ranged from 65% to 

85% of conventional wheat plantings, most likely due to the strip tillage areas sacrificed for 

cotton planting. Cotton yields were not affected by the presence of intercropped wheat, but 

plant maturity was delayed in some experiments. Intercropped cotton plants exhibited similar 

morphology to conventionally grown cotton, with increased nodes above cracked boll. In 

four of five locations, thrips (Thysanoptera: Thripidae) population (approximately 84% 

tobacco thrips, Frankiniella fusca (Hinds)) were lower in the intercropped cotton, most likely 

due to interference of the thrips’ ability to locate cotton seedlings. Thrips levels when seed 

was treated with abamectin plus thiamethoxam plus azoxystrobin and an additional in-furrow 

aldicarb or foliar acephate were less than that of seed treated with azoxystrobin alone. 

Estimated economic return of intercropped cotton and wheat equaled that of conventional 
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cotton planting and exceeded double-cropping of wheat followed by soybean most years 

when cotton, soybeans, and wheat prices were set, respectively at $1.98 kg
-1

 lint
-1

, $0.44 kg
-1

, 

and $0.25 kg
-1

. 
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INTRODUCTION 

Traditional agricultural production systems in the southeastern United States typically 

produce a single crop per year. However, double-cropping grain sorghum [Sorghum bicolor 

(L.) Moench] or soybean with wheat is a relatively common practice in the United States. For 

example, 246,960 ha of wheat and soybean were double-cropped during 2011 in North 

Carolina, accounting for approximately 45% of the total soybean acreage (USDA-NASS 

North Carolina Field Office, 2012). However, when the price of cotton or peanuts is 

relatively high, producers often inquire if double-cropping these crops is a viable option. 

Hunt (1997) reported equivalent cotton yields in five of seven years in South Carolina when 

cotton was doubled-cropped with wheat compared with conventionally planted cotton. Smith 

and Varsil (1981) reported a yield reduction of 35% to 65% in doubled cropped cotton when 

compared to mono-cropped cotton in Arkansas. In North Carolina, variations in soil moisture 

after wheat harvest can require delayed planting and subsequent negative impact on cotton 

yield (Hamm, 2009). There, production systems including double-cropping wheat and 

soybean were found to be more profitable than double-cropping wheat and cotton (Hamm, 

2009).  

A relay intercropping system has been suggested as an alternative to mono-cropped 

cotton and double-cropped cotton following wheat. Relay intercropping wheat and cotton 

involves planting wheat in the fall while leaving skip rows for wheel traffic and subsequent 

cotton planting in the spring, when the wheat is still living. Cotton is planted three to six 

weeks prior to wheat, often referred to as the relay intercropping period (Zhang et al., 2008a; 
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Zhang et al., 2008b). Intercropping wheat and cotton is a widespread practice in China, 

accounting for as much as 1,400,000 ha, where it plays an important role in providing food 

security, fiber production, and farmer income (Zhang et al., 2007). 

The relatively recent and widespread adoption of genetically-altered cotton cultivars 

exhibiting both herbicide tolerance (i.e. glyphosate) and caterpillar resistance (Bacillus 

thuringiensis (Bt) endotoxin expression) has impacted cotton production practices. Such 

genetically-altered attributes may improve intercropping system performance, making it 

more profitable than double-cropping soybean and wheat. Previous research associated with 

wheat and cotton intercropping has focused primarily on equipment feasibility, light 

utilization, temperature associated development delay, nitrogen economy, and crop yield 

(Hood et al., 1991; Hood et al., 1992; Porter and Khalilian, 1995; Zhang et al., 2007; Zhang 

et al., 2008a; Zhang et al., 2008b). Relay intercropping wheat and cotton presents many 

technical challenges, primarily due to the restricted use of pesticides and limited traffic routes 

caused by the presence of harvestable wheat (Hood et al., 1991). Therefore, early season 

weed and insect management may be major impediments to implementing a wheat and 

cotton intercropping system.  

Effective management of thrips is critical for rapid early cotton growth and 

establishment of early maturity (Faircloth et al., 2002). Systemic insecticides are applied to 

the seed or in the seed furrow to control thrips. Because aldicarb availability is limited, 

cotton growers are now using a combination of seed treatments with follow-up foliar 

insecticides to manage damaging levels of thrips (Adamczyk and Lorenz, 2012). Cotton 
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seedlings are extremely sensitive to thrips feeding, resulting in deformed leaves, reduced leaf 

area, delayed plant growth, reduced yield, and delayed crop maturity (Faircloth et al., 2002). 

In grown cotton by conventional methods, reduction in yield and delayed maturity due to 

thrips feeding is variable and can be influenced by environmental conditions (Faircloth et al., 

2002). Researchers in Virginia and North Carolina have reported increased lint yield from 

340 kg ha
-1

 to 580 kg ha
-1

 when effective insecticide seed treatments were applied compared 

with non-treated cotton (Herbert, 1998; Herbert et al., 2012). However, during some years, in 

addition to seed treatments or in-furrow insecticides, foliar insecticide applications are 

required to protect cotton yield from thrips damage (Adamczyk and Lorenz, 2011; Herbert et 

al., 2012). 

 Intercropped winter cereal grains and legumes, or the presence of cover crop 

residues, have demonstrated the ability to suppress insect pests such as cotton aphids (Aphis 

gossypii Glover), thrips, leafhopper (Amrasca biguttula Ishida), and whiteflies (Bemicia 

tabaci Genn.) in cotton (All and Vencill, 2008; All et al., 1993; Jambhrunkar et al., 1998; 

Olson et al., 2006). Cotton aphid levels were lower in intercropped cotton than in mono-

cropped cotton, most likely due to higher populations of beneficial insects in cover crops that 

reduce the insect pests of cotton early in the season (Jambhrunkar et al., 1998; Parajulee et 

al., 1997; Tillman et al., 2004; XiaoMu et al., 2006). For example, compared with 

conventional tillage, Tillman et al. (2004) observed significantly higher populations of 

predacious red imported fire ants (Solenopis invicta Buren) and big-eyed bugs (Geocoris 

punctipes Say) in cotton planted into cover crops. Similarly, Jambhrunkar et al. (1998) 
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reported a reduction in onion thrips (Thrips tabaci Lindeman) and whiteflies (Bemicia tabaci 

Gennadius) in cotton that had been intercropped with strips of green gram (Vigna radiata L.), 

black gram (Vigna mungo L.), soybean, pigeonpea (Cajanus cajan L.), grain sorghum, 

sunflower (Helianthus annuus L.), and sesame (Sesamum indicus L.). In addition, Olson et 

al. (2006) reported a thrips population reduction in cotton and peanut (Arachis hypogaea L.) 

when mulched with a crimson clover (Trifolium incarnatum L.) cover crop or a hand-spread 

layer of rye (Secale cereale L.) residue. Olson et al. (2006) also noted an inverse relationship 

between the amount of rye residue ground cover and thrips density and the subsequent 

damage in cotton and peanut crops. They concluded that increasing field coverage by cover 

crops reduces thrips populations on cotton and any subsequent damage the pests might cause. 

Toews et al. (2010) found a similar inverse relationship between ground cover and immature 

thrips densities. 

Availability of herbicide-tolerant crops, including cultivars resistant to glufosinate 

and/or glyphosate, have enabled growers to control both emerged summer and winter weeds 

that were present in wheat after cotton emergence (Riar et al., 2011), a flexibility which 

minimizes weed control as a pest management challenge in relay intercropping. Overall, 

growers are interested in increasing their crop selection flexibility to capitalize on marketing 

opportunities. Thus, determining the feasibility of a relay intercropping cotton and wheat 

system and its implications for insect management will be important in developing 

comprehensive management strategies for relay intercropping. In a series of five replicated 

tests conducted at three North Carolina locations from 2009 to 2011, thrips levels, a number 
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of growth parameters, lint yield and quality, and economic returns of cotton were compared 

in relay intercropping cotton with wheat to 1) mono-cropping of cotton and 2) double-

cropping wheat and soybean. 

 

MATERIALS AND METHODS 

 

General Field Methodology 

Experiments were conducted in North Carolina, during 2009 near Beulaville on a 

Norfolk fine sandy loam soil (fine-loamy, kaolinitic, thermic, Typic Kandiudult), and near 

Wendell on a Wedowee sandy loam soil (clayey, kaolinitic, thermic, Typic Kahapludults). 

Also, during 2010, the experiment was conducted at the Peanut Belt Research Station at 

Lewiston-Woodville, on a Norfolk loamy coarse sand soil (fine-loamy, siliceous, thermic, 

Typic Paleadults). Finally, during 2010 and 2011, the experiment was conducted near Rocky 

Mount at the Upper Coastal Plain Research Station, on a Lynchburg fine sandy loam soil 

(fine-loamy, siliceous, thermic Aeric Paleudults) and on a Norfolk loamy sand soil (fine-

loamy, siliceous, thermic, Typic Paleadults), respectively. 

Treatments consisted of a factorial arrangement of two cropping systems 

(intercropped wheat/cotton and monoculture cotton) and four insecticide treatments to 

control thrips. Two additional treatments were included within the intercropping system. 

These extra treatments served as wheat component yield and as wheat and soybean double- 

crop system comparisons, as they did not contain any cotton or receive any insecticide 

treatment.  
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Whole plots consisted of 20 rows of 96 cm spacing by 9 m in length; sub-plots were 

four rows by 9 m in length. Intercropped whole plots were established by planting the wheat 

cultivar SS8302 (Southern States Cooperative, Richmond, VA) in late November using a 

grain drill (Great Plains, Salina, KS) with 19-cm row spacing. The intercropping system 

design is characterized by the three wheat rows alternated with one cotton row. The cotton 

row occupies the space of two wheat rows, or 38 cm width, and three wheat rows occupy 57 

cm width. The resulting intercropping wheat seed rate was 81 kg ha
-1

. Wheat was planted for 

the double-crop wheat/soybean comparison at a seed rate of 134 kg ha
-1

. 

 

Thrips Collection, Predator and Pest Sweeping, and Identification 

Thrips were collected from five randomly selected plants at 21, 28, and 35 days after 

cotton planting from the center two rows of each plot by severing plants at ground level and 

immediately immersing plants in a glass jar filled with 500 ml of water and two ml of 

detergent (Palmolive Original
®
, Colgate-Palmolive Company, New York, NY). Within 6 

hours of collection, plants were rinsed over a 270 mesh sieve, with 0.053 mm openings, 

using a Teejet
®
 XR 8002 flat fan nozzle (TeeJet Technologies, Wheaton, IL). Thrips were 

then rinsed from the sieve into a 20 ml scintillation vial (Fisher Scientific Company, 

Houston, TX) using a 70% ethyl alcohol solution. Adults and immature thrips were later 

rinsed into a grid-marked petri dish, separated, and counted using a stereo zoom microscope 

(Bausch and Lomb
®
, Rochester, NY). Adults from the non-treated (no insecticide) plots 

(both mono-culture and intercropped plots) were collected using a Pasteur pipette (Fisher 

Scientific, Houston, TX) and stored in a 70% ethyl alcohol solution for subsequent species 
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identification. Adult thrips were slide-mounted, preserved using slide-mounting media, 

sexed, and identified by species (Reed et al., 2006). Following thrips removal, cotton plants 

were air dried for seven days and weighed. With the exception of the Rocky Mount site 

during 2010, the middle two rows of cotton plants were swept 25 times with a net within 24 

hours after wheat harvest for the presence of beneficial arthropods.  

 

Cotton 

The cultivar DP0935 BG2RF
®
 (Monsanto, St. Louis, MO) was planted from May 13 

to May 15 at 16 seeds per meter of row on 96 cm rows using a self-fabricated, two-row, one-

pass strip-till implement with attached planter units. The strip-till/planter consisted of a 56-

cm cutting blade, a ripper set to 41-cm depth, two offset roller spider gangs, and a ground 

driven planter (Model #71 Flexi-Planter, John Deere, Moline, IL) with granular insecticide 

applicators. The strip-till/planter units were less than 35 cm wide and aligned with the tractor 

wheels to avoid wheat lodging during planting. The same strip-till/planter was used to plant 

cotton in both cropping systems (Figure 1.1). 

Pesticides applied with cotton to both whole plots include:1) azoxystrobin (Dynasty
®
, 

Syngenta Crop Protection, Greensboro, NC) applied to seed at 0.03 mg azoxystrobin per 

seed; 2) abamectin plus thiamethoxam plus azoxystrobin (Avicta
®
 complete Pac

®
, Syngenta 

Crop Protection, Greensboro, NC) applied to seed at 0.15 mg abamectin, 0.375 mg 

thiamethoxam, and 0.03 mg azoxystrobin per seed; 3) abamectin plus thiamethoxam plus 

azoxystrobin (Avicta
®
 complete Pac

®
, Syngenta Crop Protection, Greensboro, NC) applied to 

seed (same rate as above), followed by a foliar acephate (Orthene 97
®

, Amvac Chemical 
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Corporation, Los Angeles, CA) at 0.56 kg a.i. ha
-1

 at 21 days after planting (DAP); and 4) 

abamectin plus thiamethoxam plus azoxystrobin (same rate as above) applied to seed 

followed by an in-furrow granular aldicard (Temik
®

 15G, Bayer Crop Science, Research 

Triangle Park, NC) (0.59 kg a.i. ha
-1

). All insecticide treatments were applied to both mono-

culture cotton plots and intercropped plots. Acephate was applied using a CO2-pressurized 

backpack sprayer equipped with one regular hollow cone nozzle per row calibrated to deliver 

140 L ha
-1

 at 345 kPa and 4.8 kph.  All other production and pest management practices were 

conducted in accordance with North Carolina Cooperative Extension Recommendations 

(Bacheler, 2012; Crozier et al., 2012; Edmisten, 2012a; Edmisten, 2012b; York, 2012).  

 

Wheat 

Wheat test weights and component yields were obtained by hand-harvesting two 

randomly selected quadrants (1 m by 0.15 m) from the double-cropped wheat/soybean, the 

intercropped wheat pattern without cotton, and the intercropped wheat pattern with 

abamectin plus thiamethoxam plus azoxystrobin and aldicarb cotton treatments. In the two 

intercropped treatments, additional component yields were obtained from wheat rows 

adjacent to the cotton row and from interior wheat rows bordered by wheat on both sides. 

Wheat grain yield was determined using a Gleaner K2 (Allis Chalmers, West Allis, WI) 

combine with a bagging attachment and a custom 193-cm head which lined up over the 

center two cotton rows that it straddled. The combine’s 203-cm wheel spacing with 47-cm 

wide tires allowed for wheat harvest without running over the cotton. 
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Plant Mapping 

Cotton stands in each plot were determined 14 to 21 DAP from a randomly selected, 

3 m section of each of the two center rows. Except for Rocky Mount during 2010, nodes 

above cracked boll (NACB) were determined based on 20 randomly selected plants from the 

middle two rows prior to defoliation. Data for height, total nodes, monopodial nodes, 

sympodial nodes, number of total and sympodial bolls, and mapping of fruit in all node zones 

were collected from 10 consecutive plants from the middle two rows of each plot prior to 

harvest. 

The center two rows of each plot were machine harvested with a John Deere two-row 

spindle picker modified for small-plot research. A one kg sample of seed cotton was 

collected from each plot during harvest for fiber quality analysis and to determine lint 

percentage using a saw gin. Cotton was harvested on18 November 2009, 25 November 2009, 

28 October 2010, and 20 October 2010 in Beulaville, Wendell, Rocky Mount, and Lewiston-

Woodville, respectively. Cotton was harvested on 10 October 2011 and a second time on 7 

November 2011 at Rocky Mount to account for differences in cotton growth and 

development between some plots.  

 

Economic Analysis 

North Carolina Cooperative Extension Enterprise Budgets were used to compare 

treatments for economic analysis. Costs associated with seed, insecticide, ginning, hauling, 

and cotton seed gin payments were removed from the budget to establish a base production 

cost of $868 ha
-1

 for the double-cropped wheat/soybean system, $993 ha
-1

 for the 
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intercropped and monoculture cotton, and $488 ha
-1

 for intercropped wheat. In the double-

crop wheat/soybean system, soybean seed costs were calculated to be $52 ha
-1

 based on a 

population of 358,150 seeds ha
-1

, and a hauling cost of $0.0055 kg
-1

was applied to wheat and 

soybean grain yield (Bullen and Dunphy, 2012). For the intercropped and mono-cropped 

cotton, total costs were the same and only deviated in response to insecticide treatment. Cost 

of acephate and aldicarb applications were set at $8.47 ha
-1

 and $30 ha
-1

, respectively. Cost 

of azoxystrobin treated seed and abamectin plus thiamethoxam plus azoxystrobin treated 

seed at 152,890 seeds ha
-1

 was set at $264 ha
-1

 and $301 ha
-1

, respectively. Ginning cost and 

payment received for ginned seed were set at $0.23 kg
-1

 lint and $0.20 kg
-1

 seed, 

respectively. The intercropped wheat budget was based on Cooperative Extension budgets 

adjusted to account for reduced seed input of $45 ha
-1

 based on a seeding rate of 81 kg ha
-1

 

and a hauling rate of $0.0055 kg
-1

 applied to grain yield (Bullen and Weddington, 2012). 

Crop prices were set at $1.98 kg
-1

, $0.44 kg
-1

, and $0.25 kg
-1

 for lint, soybeans, and wheat 

respectively. 

 

Statistical Analysis 

The experimental design was a split plot with cropping system (monoculture cotton or 

intercropped wheat/cotton) serving as whole plot units and insecticide treatments serving as 

sub-plot units. Sub-plot units were replicated four times. Two additional treatments which 

did not conform to the factorial arrangement of treatments were included. These consisted of 

intercropped wheat without cotton within the intercropped wheat/cotton cropping system and 

a double-cropped wheat/soybean system. 
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Wheat yield and cotton seedling weight data were subjected to analysis of variance 

(ANOVA) using the general linear model in SAS (Version 9.2, SAS Institute, Cary, NC) for 

a five (combination of field and year) by six (combination of insecticide, presence of cotton, 

and wheat pattern) treatment structure. Wheat yield component data were subjected to 

ANOVA using the general linear model in SAS for a five (combination of field and year) by 

five (combination of insecticide, presence of cotton, wheat pattern, and wheat row location) 

treatment structure. Means of significant main effects and interactions were separated using 

Fisher’s Protected LSD at p < 0.05. 

Cotton plant population, thrips number, and cotton seedling dry weight data were 

subjected to ANOVA using the general linear model in SAS for a five (combination of field 

and year) by two (monoculture and intercropping treatment) by four (insecticide treatments) 

treatment structure. Arthropod species data from predator and pest sweeping was subjected to 

ANOVA using the general linear model in SAS for a four (combination of field and year) by 

two (monoculture and intercropping treatment) by four (insecticide treatments) treatment 

structure. Thrips species identification data were subjected to ANOVA using the general 

linear model in SAS for a five (combination field and year) by two (monoculture and 

intercropping treatment) treatment structure. Means of significant main effects and 

interactions were separated using Fisher’s Protected LSD at p <0.05.  

Data for NACB, height, total nodes, number of monopodial bolls, number of 

sympodial bolls, percent boll retention by nodal zones, boll distribution by nodal zones, plant 

stands, boll distribution by position on sympodial branch, cotton yield, gin turnout, 



15 

 

 

 

   

micronaire, upper half mean, uniformity index, fiber strength, and economic return were 

subjected to ANOVA using the general linear model in SAS for a four (combination of field 

and year) by two (monoculture and intercropping treatments) by four (insecticide treatments) 

treatment structure. Means of significant main effects and interactions were separated using 

Fisher’s Protected LSD at p <0.05. 

In a separate analysis, economic return for double-cropped wheat and soybean was 

compared with the most effective insecticide treatment in mono-cropped cotton and the 

intercropped system and subjected to ANOVA using the crop prices of $1.98 kg
-1

, $0.44 kg
-1

, 

and $0.25 kg
-1

, and $1.98 kg
-1

 for lint, soybeans, and wheat respectively. Means were 

separated using Fisher’s Protected LSD at p < 0.05. 

 

RESULTS AND DISCUSSION 

 

Wheat 

Wheat yield was affected by the intercropping pattern and insecticide treatments 

applied to cotton (Table 1.1). Wheat yield was approximately 15% lower with the 

intercropping pattern in absence of cotton compared with the standard planting pattern of 

wheat (Table 1.2).Wheat yield was further reduced by interference from cotton plants. Cotton 

plants treated with insecticide treatments resulted in higher plant weights, presumably due to 

reduced insect feeding (Table 1.2). As expected, an inverse relationship between wheat yield 

and cotton seedling dry weight at 5 weeks after planting (WAP) was observed. Although 

wheat occupied only 60% of the available area when intercropped, yield was only 15 to 29% 



16 

 

 

 

   

less than the standard broadcast pattern of wheat (Table 1.2).  Compensation through 

increased tillering by wheat border rows is suggested by the presence of more seed heads in 

border rows, when compared to interior rows (Table 1.3). Zhang et al. (2007) reported almost 

identical results when intercropping wheat and cotton in China, and attributed this effect to 

greater light interception and acquisition of nutrients in the border rows compared to wheat 

within the standard planting pattern. 

 

Cotton Populations 

Cotton populations were affected by the interaction of site by cropping system and 

site by insecticide treatment (Table 1.4). Cotton plant population was similar at Beulaville, 

Lewiston-Woodville, and Rocky Mount during 2010, regardless of cropping system or 

insecticide treatment (Table 1.5). The number of cotton plants was lower in monoculture at 

Wendell compared with intercropping. However, the opposite response was noted in 2011at 

Rocky Mount, where plant population was much higher in the monoculture system than the 

intercropped system. Variation in cotton population may have been affected by rainfall and 

soil moisture immediately following planting (data not shown). The lowest plant population 

was observed at Rocky Mount in 2010 when a rainfall event of almost 10 cm occurred within 

five days of planting. Soils at this location often form a crust following excessive rain. A 

lower cotton stand at Rocky Mount during 2011 for intercropping may have been associated 

with limited rainfall and insufficient soil moisture. Rainfall in Rocky Mount during 2011 

within eight days of planting was less than 0.6 cm. Rainfall was greater than 2.2 cm and less 

than 10 cm at sites where cotton population was not affected by cropping system. 
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 A better cotton stand was established with all insecticide treatments compared with 

no insecticide in Beulaville (Table 1.6). At Lewiston-Woodville, lower plant populations 

were also noted when cotton was not treated with insecticide, while the combination of 

abamectin plus thiamethoxam followed by acephate had the highest population. Plant 

population following abamectin plus thiamethoxam seed treatment and the same seed 

treatment plus aldicarb was intermediate between these treatments (Table 1.6). These results 

indicate there is a potential for reduced plant population when no insecticide is used, 

presumably due to plant death caused by thrips feeding. 

 

Thrips 

Tobacco thrips (Frankliniella fusca Hinds) was the predominant species when 

insecticide was not applied in both cropping systems regardless of site, comprising 81% and 

88% of total thrips population in intercropped and mono-cropped no-insecticide cotton, 

respectively (data not shown). Onion thrips (Thrips tabaci Lindeman) was the second most 

abundant species (13%) followed by Western flower thrips (Frankliniella occidentalis 

Pergande), accounting for less than 3%. No other thrips species occurred in sufficient 

numbers or consistently across sites to evaluate cropping system effects on thrips species 

distribution. 

The interaction of site by cropping system by insecticide treatment was significant for 

immature thrips at 3 and 5 WAP (Table 1.7). Immature thrips levels at 4 WAP reflect similar 

results found at 3 and 5 WAP (data not shown). Intercropped cotton had lower thrips levels 

in four of five locations when pooled over insecticide treatments (Table 1.8). In Rocky 
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Mount during 2011, intercropping reduced thrips levels to 10% of mono-cropped levels. 

Insecticide treatment had different effects on thrips level across cropping system when 

pooled over site (Table 1.9). In the intercropping system, the abamectin plus thiamethoxam 

then acephate and abamectin plus thiamethoxam plus aldicarb treatments resulted in fewer 

thrips than abamectin plus thiamethoxam seed treatment alone. The seed treatment provided 

better control than with no insecticide, but less than seed treatment plus acephate or aldicarb 

(Table 1.9). In the mono-cropped system, all insecticide treatments provided different levels 

of control. The highest level of control was achieved by the abamectin plus thiamethoxam 

plus aldicarb, followed by abamectin plus thiamethoxam then acephate, followed by 

abamectin plus thiamethoxam, and then followed by non-treated in descending order (Table 

1.9). Several trends appear when comparing insecticide treatments across sites and pooling 

data over cropping system (Table 1.10). Abamectin plus thiamethoxam plus aldicarb 

consistently provided the highest level of thrips control at all sites. Abamectin plus 

thiamethoxam followed by acephate provided similar levels of control as abamectin plus 

thiamethoxam plus aldicarb in three of five sites. Abamectin plus thiamethoxam seed 

treatment provided an intermediate level of control in four of five sites when compared to 

non-treated and seed treatment plus aldicarb or acephate (Table 1.10).    

 Intercropped plant weight at 5 WAP was lower than mono-cropped plants at all 

locations except Wendell when pooled over insecticide treatments (Table 1.11). The 

difference in plant size between cropping systems suggests that cotton growth suppression 

during the intercropping period is unrelated to thrips feeding. Zhang et al. (2007) found 
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similar cotton responses and reported that dry matter accumulation in intercrops was severely 

suppressed compared to monoculture, although. Plant weight at 5 WAP was affected by 

insecticide treatment across all sites (Table 1.12) and cropping systems (Table 1.13). All 

insecticide treatments resulted in higher plant weights for both cropping systems at all sites. 

Abamectin plus thiamethoxam plus aldicarb treatment resulted in the highest plant weights 

across all cropping systems and sites when compared to non-treated crops. Abamectin plus 

thiamethoxam followed by the acephate foliar spray resulted in the same plant weights as 

theabamectin plus thiamethoxam plus aldicarb in the intercropping system and in three of 

five sites. Slightly lower plant weights were observed in the abamectin plus thiamethoxam 

seed treatment than in the same seed treatment plus aldicarb in the mono-cropping system 

and in three of the five sites (Table 1.12) (Table 1.13).  

These results suggest that intercropping cotton in wheat suppresses thrips populations 

but also reduces plant growth and development during the relay period compared to mono-

cropped cotton. The mechanism of reduced thrips damage in intercropping is not established. 

It is suspected that some thrips remained on wheat and did not damage cotton. Thrips in 

mono-cropped cotton did not have an alternative plant source other than cotton resulting in 

greater damage. Olson et al. (2006) suggested that the presence of wheat (mulch) serves as a 

disruption of visual cues in the intercropped system compared to mono-crops. Thrips damage 

was lower in reduced tillage cotton (Parajulee et al., 2006) and peanut (Hurt et al., 2006) 

compared with conventional tillage cropping system. Also, less tomato spotted wilt (caused 
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by a tosporovirus) is observed in reduced tillage peanut (Arachis hypogaea L.) when 

compared with conventional tillage peanut (Jordan et al., 2003).  

 

Insect Pests and Predators 

Arthropods identified and quantified included: aphid (Aphis spp.); tarnished plant bug 

(Lygus lineolaris Palisot de Beauvois); fleahopper (Pseudatomoscelis seriatus Reuter); green 

stink bug (Acrosternum hilare Say); brown stink bug (Euschistus servus Say); and bollworm 

(Helicoverpa zea Boddie). Insect predator species included: big eyed bug (Geocoris spp.); 

damsel bug (Nabis spp.); minute pirate bug (Orius sp.); lady bird beetle pink (Coleomegilla 

maculate De Geer); lady bird convergent (Hippodamia convergens Guerin-Meneville); 

spiders (Araneae Clerck); lacewing (Chrysoperla sp.); and assassin bug (Reduviidae 

Latreille). Insects other than thrips and beneficial predators were present at relatively low 

population numbers at 5 WAP (data not shown). Beneficial predator levels were unaffected 

by cropping system and insecticide treatment (data not shown). 

  

Plant Mapping 

The interaction of site by insecticide was significant for total bolls and bolls on nodal 

zone 14 to 22. The interaction of site by cropping system was significant for bolls on nodal 

zone 4 to 7 and zone 8 to 10, and cropping system was significant for bolls on nodal zone 14 

to 22 (Table 1.4). Fewer bolls were noted on non-treated cotton compared to all insecticide 

treatments in Beulaville. However, the opposite was observed in Wendell where non-treated 

cotton produced more bolls than all insecticide treatments (Table 1.14). Boll numbers on 

nodal zone 14 to 22 followed nearly the same pattern as total bolls; fewer bolls were noted on 
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non-treated cotton in Beulaville compared to all insecticide treatments and the opposite was 

observed in Wendell. Near optimal rainfall in Wendell from May through August (43 cm) 

may have allowed the non-treated cotton to compensate for the lack of insecticide protection. 

Boll distribution by nodal zone was inconsistent across sites and followed no trend except for 

bolls on zones 14 to 22. Mono-cropped cotton produced more bolls on nodes 14 to 22 than 

intercropped cotton (Table 1.15). More bolls were noted on intercropped cotton on zones 4 to 

7 and zones 8 to 10 in Wendell, although fewer bolls were observed on intercropped cotton 

on zones 4 to 7 in Lewiston-Woodville and on zones 8 to 10 in Rocky Mount in 2011. In 

response to wide variability in cotton population, total bolls and boll numbers by zones were 

inconsistent across all the sites and no general conclusions can be made in regard to boll load 

and distribution.  

 The interaction of site by cropping system was significant for plant height, height to 

node ration, and nodes above cracked boll. Insecticide treatment was significant for height to 

node ratio (Table 1.16). Intercropped cotton was shorter in Beulaville and taller in Rocky 

Mount 2011 compared to mono-cropped cotton. Intercropped cotton in Rocky Mount 2011 

exhibited higher height to node ratio than mono-cropped cotton (Table 1.17). Plant height to 

node ratio was also higher in abamectin plus thiamethoxam plus aldicarb treatment regardless 

of site (Table 1.18). Higher nodes above cracked boll (NACB) were noted in Rocky Mount 

2011 intercropped cotton compared to mono-cropped cotton (Table 1.17). Higher NACB 

values are indicative of delayed plant development at Rocky Mount during 2011. Delayed 

maturity may have been caused by a number of factors such as lower plant population   
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(Table 1.5), moisture and light stress due to wheat competition, and reduced soil temperature. 

Zhang et al. (2008a) reported a 15-day maturity delay in intercropped cotton due to reduced 

soil and air temperature in intercropping environment, mainly due to shading by wheat 

(Zhang et al., 2008b).  

 

Lint Yield and Fiber Quality 

Lint yield was affected by insecticide treatment but not by cropping system (Table 

1.19). Lint yield was lower when insecticide was not applied compared to abamectin plus 

thiamethoxam and acephate or abamectin plus thiamethoxam plus aldicarb treatments (Table 

1.20). Yield of abamectin plus thiamethoxam seed treatment alone was intermediate between 

the no-insecticide control and other treatments. Differences in yield across insecticide 

treatments were most likely reflections of differences in thrips control. 

 The interaction of site and insecticide was significant for micronaire and fiber 

strength, and the interaction of site and cropping system was significant for fiber strength 

(Table 1.19). Intercropped cotton lint was stronger in Lewiston-Woodville and weaker in 

Rocky Mount during 2011 when compared to mono-cropped cotton (Table 1.21). Lower 

micronaire and higher fiber strength was noted when no insecticide was applied to cotton in 

Rocky Mount during 2010 (Table 1.22).  

 

Economic Analysis 

Economic return was higher when cotton was treated with abamectin plus 

thiamethoxam plus aldicarb compared to cotton grown without insecticide (Table 1.23). 

Abamectin plus thiamethoxam seed treatment and abamectin plus thiamethoxam and 
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acephate treatment was intermediate between no-insecticide control and abamectin plus 

thiamethoxam and aldicarb.  

 Comparison of economic return of production systems (intercrop cotton and wheat, 

mono-crop cotton, and double-crop wheat and soybeans) revealed a great deal of variability 

across sites (Table 1.24). In Beulaville and Wendell, there were no differences in production 

systems. However, the intercropped cotton and wheat system produced higher net returns 

compared to double crop wheat/soybean system in Lewiston-Woodville and Rocky Mount in 

2010. The opposite response was noted in Rocky Mount in 2011. No difference was noted 

when cotton and wheat were intercropped compared with the mono-cropped cotton system, 

regardless of site (Table 1.24). 

 

SUMMARY 

 

 Intercropping cotton and wheat has been proposed as an alternative to conventional 

cotton and double-crop soybean/wheat. The intercropped system proved to resilient enough 

to only suffer a 15 to 30% wheat yield loss with reduced seeding rates and extreme 

competition during the relay period, while producing cotton yields equal to conventionally-

planted cotton. The intercropped system consistently demonstrated the ability to suppress 

thrips establishment, suggesting that intercropping may be an effective thrips management 

strategy in regions with high thrips population. An important impediment to the 

intercropping system is delayed cotton growth and development which may be intensified 

when low soil moisture prevails following planting. Delayed plant maturity may be partially 
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alleviated by increased cotton plant density via increased seeding rates, in agreement with 

Zhang et al. (2008a). However, the increased seed cost may reduce the net return. Even 

though cotton maturity was delayed 14 days in Rocky Mount in 2011, the intercropping 

system produced lint yield equal to the mono-cropping system. Semi-dwarf wheat cultivars 

may improve light interception by cotton seedlings (Zhang et al., 2008b), and producers with 

irrigation capability would be expected to overcome the liability of lower possible moisture 

levels in intercropped systems. However, any practice that improves the competitiveness of 

cotton during the intercropping period may run the risk of reducing wheat yield. Our studies 

demonstrate that intercropping cotton and wheat may also subject producers to higher risk. 

This increased risk was not offset by higher expected returns, but periodically recalculating 

the production system net returns in changing commodity price fluctuations may be 

warranted. If wheat price increase without an accompanied increase in cotton or soybean 

prices, the net return of intercropping may become more favorable. 
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Table 1.1. F statistic for wheat yield, cotton seedling dry weight, and wheat yield components  

as influenced by insecticide treatment. 

Source Wheat yield 

Cotton seedling dry 

weight  

Number of wheat 

heads 

Component grain 

yield 

     Site 143.0
*
 6.5

*
  18.5

*
   13.3

*
 

     Insecticide   4.1
*
 40.4

*
  15.5

*
   20.2

*
 

     Site x Insecticide  0.7 1.7  1.0  1.4 

     Coefficient of variation 

(%) 18.8  42.5 19.9 20.4 

          
*
 Significance at < 0.05. 
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Table 1.2. Wheat yield (determined by machine harvest) and cotton seedling dry weight 5 weeks after planting as 

influenced by wheat pattern, presence of cotton, and insecticide treatment.
a
 

Wheat Pattern 

Presence of 

Cotton Insecticide treatment Wheat Yield   Cotton seedling  

   
kg ha

-1
  g m

-1
 row

-1
 

Broadcast No None 4140 a - 

Intercrop No None 3540 b 0.0 c 

Intercrop Yes  None  3250 bc  3.60 b 

Intercrop Yes  
Abamectin plus 

thiamethoxam 
3100 c  6.31 a 

Intercrop Yes  
Abamectin plus 

thiamethoxam then acephate 
2930 c  6.60 a 

Intercrop Yes  

Abamectin plus 

thiamethoxam plus aldicarb 

in furrow 

2920 c  6.78 a 

a
Means within a column followed by the same letter are not different according to Fisher's Protected LSD at p < 0.05. Data 

are pooled over sites. 
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Table 1.3. Wheat seed head number and grain yield as influencedby wheat pattern, cotton presence,  

insecticide treatment, and row position.a 

Wheat Pattern 

Presence of 

cotton 

Cotton insecticide 

treatment Row position Seed heads Grain yield 

    
No. m

-2
 kg ha

-1
 

Intercrop No None Border 200 a 5,100 a 

Intercrop Yes  

Abamectin plus 

thiamethoxam plus 

aldicarb in furrow 

Border 188 a 4,990 a 

Intercrop No None Interior 150 b 3,610 b 

Intercrop Yes  

Abamectin plus 

thiamethoxam plus 

aldicarb in furrow 

Interior 141 b 3,610 b 

Broadcast No None Interior 143 b 3,330 b 

a
Means within a column followed by the same letter are not different according to Fisher's Protected LSD at p < 0.05. 

Data are pooled over sites. 
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Table 1.4. F statistic for cotton population, total bolls, and boll distribution by nodal zones as influenced by 

site, cropping system, and cotton insecticide treatment. 

Source 

Cotton 

population Total bolls 

Number of bolls on nodal zone 

Nodes 4-7 Nodes 8-10 Nodes 11-13 Nodes 14-22 

 
   

   Site  25.2
*
 16.0

*
 1.1 1.3 17.7

*
 130.0

*
 

       System   0.4  3.6 0.4 0.9 0.2     4.9
*
 

       Site x System   8.9
*
  2.1 11.6

*
   9.2

*
 1.0   2.5 

       Insecticide  1.7  0.5 0.1 0.8 2.6   0.3 

       Site x Insecticide   1.9
*
   2.6

*
 1.8 1.4 2.8    2.2

*
 

       System x Insecticide 1.1 1.0 2.2 0.6 0.3   0.1 

       Site x Sytem x 

Insecticide 
1.3 1.2 0.7 1.7 1.0  0.6 

       
Coefficient of variation 

(%) 
       18.8        21.1         34.8        20.8 21.0 43.0 

              
*
Significant at p < 0.05. 
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Table 1.5. Cotton population as influenced by cropping system. 

Cropping System 

    Lewiston-

Woodville 

Rocky Mount 

Beulaville Wendell 2010 2011 

 
______________________________ 

 Plants m
-1

row
-1________________________________________

 

 Intercropping 9.2 7.6 8.7 5.0          6.2 

      Monoculture 8.5 6.5
*
 8.5 4.4  9.3

*
 

            
*
Significant within a site at p < 0.05.   

Data are pooled over insecticide treatments. 
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Table 1.6. Cotton population as influenced by insecticide treatment.
a 

Insecticide treatment 

    Lewiston-

Woodville 

Rocky Mount 

Beulaville Wendell 2010 2011 

 
_________________________________ 

 Plants m
-1

row
-1________________________________________

 

 None 7.1 b 6.9 a 7.7 b 5.3 a 8.1 a 

      Abamectin plus 

thiamethoxam 
9.6 a 6.9 a  8.9 ab 4.7 a 7.7 a 

      Abamectin plus 

thiamethoxam then 

foliar acephate 

9.3 a 6.9 a 9.2 a 4.6 a 7.5 a 

     
 

     Abamectin plus 

thiamethoxam plus 

aldicarb in furrow 

9.4 a 7.8 a  8.7 ab 4.3 a 7.7 a 

            
a
Means within a site followed by the same letter are not different according to Fisher's Protected LSD at    p < 

0.05.  Data pooled over cropping system. 
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Table 1.7. F statistic for immature thrips at 3, 4, and 5 weeks after planting (WAP), total immature thrips, and plant 

dry weight at 5 WAP as influenced by cropping system and insecticide treatment. 

Source 

Immature thrips population 
Plant dry weight 5 

WAP 3 WAP 4 WAP 5WAP 

Site   4.5
*
 4.6

*
   9.3

*
  5.9

*
 

Cropping System             37.5
*
             42.5

*
 52.9

*
 74.5

*
 

Site x System  5.0
*
  3.0

*
   5.3

*
  4.6

*
 

Insecticide             78.9
*
 34.0

*
 48.4

*
 29.9

*
 

Site x Insecticide  2.6
*
   3.9

*
   4.1

*
  3.1

*
 

System x Insecticide  3.8
*
   5.2

*
   6.3

*
  6.5

*
 

Site x System x Insecticide 
 2.3

*
  1.7   3.6

*
 0.9 

Coefficient of Variation 
            81.0 75.9 69.4 34.1 

*
Significant p < 0.05. 
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Table 1.8. Immature thrips as influenced by cropping system at four weeks after planting (WAP). 

Cropping System 

Immature thrips at 4 WAP 

Beulaville Wendell 

Lewiston- Rocky Mount 

Woodville 2010 2011 

 
____________________________________________

  No./ 5 plants 
_______________________________________________

 

 
Intercropping 32.7 16.5 8.4 23.6 3.4 

      
Monoculture  58.0

*
 19.1 29.5

*
  60.4

*
  42.9

*
 

            
*
Significant within site at p < 0.05.  

 Data pooled over insecticide treatments. 
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Table 1.9. Immature thrips at four weeks after planting (WAP) as influenced by cropping system and 

insecticide treatment.
a
 

Insecticide treatment 

Immature thrips at 4 WAP 

Intercrop Mono-crop 

  __________________
  No. / 5 plants 

_______________
 

 
None 34.7 a 74.6 a 

 
    Abamectin plus thiamethoxam 20.1 b 57.9 b 

 
    Abamectin plus thiamethoxamthen foliar 

acephate 
 5.9 c 29.3 c 

 
    Abamectin plus thiamethoxam plus in-furrow 

aldicarb 
5.2 c  8.5 d 

 
        

a
Means within a column followed by the same letter are not different according to Fisher's Protected LSD at p < 0.05.  

Data pooled over site. 
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Table 1.10. Immature thrips as influenced by insecticide treatment and site at four weeks after planting (WAP).
a
 

Insecticide treatment 

Immature thrips at 4 WAP 

Beulaville Wendell 

Lewiston-

Woodville 

Rocky Mount  

2010 2011 

  _________________________________________
  No. / 5 plants 

___________________________________________
 

 
None 130.9 a 37.6 a 31.6 a 67.4 a  27.3 ab 

 
          Abamectin plus 

thiamethoxam  51.3 b  25.0 ab   23.0 ab  44.8 ab 50.8 a 

 
          Abamectin plus 

thiamethoxamthen foliar 

acephate 

 14.1 c 6.3 b   16.8 ab  43.4 ab 12.3 b 

 
          Abamectin plus 

thiamethoxam plus in-

furrow aldicarb 

 12.1 c 2.4 b   4.9 b 13.6 b 2.5 b 

 
 

a
Means within a column followed by the same letter are not different according to Fisher's Protected LSD at p < 0.05.  

Data pooled over cropping systems. 
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Table 1.11. Plant weight at 5 weeks after planting (WAP) as influenced by cropping system. 

Cropping System Beulaville Wendell 

Lewiston-

Woodville 

Rocky Mount 

2010 

 

2011 

 
 _____________________________ 

 Plant weight at 5 WAP, g /5 plants 
 ___________________________

 

 Intercropping 2.8 3.1 5.4 6.6 2.4 

      Monoculture  8.2
*
 4.3   8.4

*
  8.7

*
  5.1

*
 

      *
Significant within site at p < 0.05.   

Data pooled over insecticide treatment. 
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Table 1.12. Plant weight at 5 weeks after planting (WAP) as influenced by cropping system and 

insecticide treatment.
a
 

Insecticide treatment 

Cotton plant weight at 5 WAP 

Intercrop Mono-crop 

  __________________
  g / 5 plants 

_______________
 

 
None 2.69 b 3.79 c 

 
    Abamectin plus thiamethoxam 4.21 a 6.98 b 

 
    Abamectin plus thiamethoxamthen foliar  

Acephate 
4.48 a 7.67 b 

 
    Abamectin plus thiamethoxamplus in-furrow 

aldicarb 
4.82 a 9.27 a 

 
        

a
Means within a column followed by the same letter are not different according to Fisher's Protected LSD at p 

< 0.05.  Data pooled over site. 
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Table 1.13. Plant weight at five weeks after planting (WAP) as influenced by insecticide, and cropping system.
a
 

Insecticide treatment Beulaville Wendell 

Lewiston-

Woodville 

Rocky Mount 

2010 2011 

 
_____________________________ 

 Plant dry weight at 5 WAP, g/5 plants  
________________________

 

 None 3.0 b 2.8 b 4.8 c 3.1 c 2.6 b 

 
          Abamectin plus thiamethoxam 5.6 a   3.6 ab 6.4 b 8.3 b 4.0 a 

 
          Abamectin plus 

thiamethoxamthen foliar acephate 6.3 a 4.1 a   8.1 ab 7.9 b 4.0 a 

 
          Abamectin plus 

thiamethoxamplus in-furrow 

aldicarb 7.1 a 4.1 a 8.2 a 11.3 a 4.6 a 

 
                    

a
Means within a column followed by the same letter are not different according to Fisher's Protected LSD at p < 0.05.  

Data pooled over cropping systems. 
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Table 1.14. Total bolls and bolls on nodal zone 14 to 22 as influenced by insecticide. 

Insecticide treatment Beulaville Wendell 

Lewiston-

Woodville 

Rocky Mount 

2011 

 

_____________________ 
Total bolls, No. m

-2 ____________________
 

None 114 b 144 a 85 a 89 a 

Abamectin plus thiamethoxam   135 ab 116 b 89 a 89 a 

Abamectin plus thiamethoxam 

then foliar acephate 
145 a 104 b 95 a 82 a 

Abamectin plus thiamethoxam 

plus in-furrow aldicarb 
139 a 118 b 97 a 98 a 

 
____________ 

Bolls on nodal zone 14 to 22, No. m
-2 _________

 

None 32 b 20 a 7 a 6 a 

Abamectin plus thiamethoxam 40 a  15 ab 6 a 7 a 

Abamectin plus thiamethoxam 

then foliar acephate 
39 a 9 b 10 a 7 a 

Abamectin plus thiamethoxam 

plus in-furrow aldicarb 
41 a  16 ab 4 a 9 a 

a
Means within a site followed by the same letter are not different according to Fisher's Protected 

LSD at p < 0.05.  Data pooled over cropping system. 

 



43 

 

   

 

 

Table 1.15. Boll distribution by nodal zones as influenced by cropping system. 

Cropping system 

Bolls on nodal zones 

Beulaville Wendell Lewiston-Woodville Rocky Mount 2011 

 

_____________________
  Bolls on nodal zones 4 to 7, No. m

-2 ______________________
 

Intercropping 21 25 20 17 

   
  

Monoculture 20  20
*
  25

*
 20 

     

 

_____________________
  Bolls on nodal zones 8 to 10, No. m

-2 ______________________
 

Intercropping 33 40 32 30 

 
    

Monoculture 31  32
*
 31  37

*
 

     

 

____________________
  Bolls on nodal zones 11 to 13, No. m

-2 _____________________
 

Intercropping 31 29 18 19 

 
    

Monoculture 31 27 20 21 

     

 

_____________________
  Bolls on nodal zones 14 to 22, No. m

-2 _____________________
 

Intercropping 34 15 7 6 

 
    

Monoculture  42
*
 16 7 8 

*
Significant at p < 0.05.  Data pooled over insecticide treatments.  
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Table 1.16. F statistic for height, height to node ratio (HNR), and nodes above cracked boll (NACB) 

as influenced by cropping system, site, and insecticide. 

Source 
Plant height HNR NACB 

    Site 39.8
*
 43.7

*
 69.7

*
 

    System   1.8  5.2
*
 87.0

*
 

    Site x System                20.8
*
  3.7

*
 37.6

*
 

    Insecticide 2.0  4.2
*
 2.4 

    Site x Insecticide 0.7 0.9 0.9 

    System x Insecticide 0.1 0.9 1.7 

    
Site x Sytem x Insecticide 1.1 0.8 0.4 

    

Coefficient of variation (%) 
8.5 6.1 20.7 

        
*
 Significant at p < 0.05. 
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Table 1.17. Plant height, height to node ratio (HNR), and nodes above cracked boll (NACB) as 

influenced by cropping system. 
 

Cropping system Beulaville Wendell Lewiston-Woodville Rocky Mount 2011 

 
___________________________________ 

 Plant height, cm  
__________________________________

 

 Intercropping 130 111 74 101 

     Monoculture  139
*
 111 71  89

*
 

 
___________________________________ 

HNR, cm node
-1__________________________________

 

 Intercropping 6.2 6.0 4 5.6 

     Monoculture 6.2 6.1 4  5.2
*
 

 
_____________________________________ 

 NACB, No.  
____________________________________

 

 Intercropping 8.1 5.3 3.3 7.7 

     Monoculture 7.8 4.8 2.8  4.0
*
 

          
*
Significant p < 0.05.  Data pooled over insecticide treatments.  
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Table 1.18. Plant height to node ratio (HNR) as influenced by insecticide treatment.
a
 

Insecticide treatment HNR 

 

  
 cm node

-1
 

  

   None 5.3 b 

     
Abamectin plus 

thiamethoxam 
5.4 b 

     Abamectin plus 

thiamethoxam then foliar 

acephate 

 5.4 ab 

     
Abamectin plus 

thiamethoxam plus in-

furrow aldicarb 

5.6 a 

a
Means followed by the same letter are not different according to Fisher's Protected LSD at p < 0.05.  

Data pooled over cropping system and site. 
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Table 1.19. F Statistic for lint yield and fiber quality as influenced by cropping system, site, and 

insecticide treatments. 

Source Lint yield Gin turnout 

Fiber Quality 

Micronaire 

Upper half 

mean 

Uniformity 

index 

Fiber 

strength 

 
  

    Site 13.0
*
 33.0

*
 32.9

*
 45.4

*
  6.3

*
 18.5

*
 

       System  0.8 0.3 1.4 3.0 1.5 0.2 

       Site x System 0.3 0.4 0.6 2.0 0.4  8.5
*
 

       Insecticide  3.5
*
 2.4 16.6

*
 0.9 0.5 1.4 

       Site x Insecticide 1.1 1.1  4.1
*
 0.9 1.0  2.9

*
 

       System x Insecticide 0.4 1.9 2.1 0.5 0.7 1.1 

       Site x System x Insecticide 0.6 0.9 2.4 1.2 2.1
*
 1.6 

       Coefficient of variation 23.5 2.8 4.8 1.9 1.1 3.4 

              
*
Significant at p < 0.05 
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Table 1.20. Lint yield as influenced by cropping system and insecticide treatment.
a
 

Cropping system Lint yield Insecticide treatment Lint yield 

 kg ha
-1

   kg ha
-1

 

   

Intercropping 1210 a None 1100 b 

       
Monoculture 

1230 a 

Abamectin plus 

thiamethoxam 
 1210 ab 

 
  

    

   
Abamectin plus 

thiamethoxam then acephate 
1260 a 

   

   

   
    

   
Abamectin plus 

thiamethoxam plus aldicarb 
1300 a 

   

   a
Means within column followed by the same letter are not different according to Fisher's Protected LSD at p < 0.05.  

Data pooled over site. 
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Table 1.21.  Fiber quality, micronaire, and fiber strength, as influenced by cropping system site. 

Cropping system Beulaville Wendell 

Lewiston-

Woodville Rocky Mount 201 

 
__________________________ Micronaire, mic units  _________________________ 

 Intercropping 3.869 4.088 4.513 4.519 

     Monoculture 3.988 4.075 4.575 4.487 

 
_________________________ Fiber strength, g tex-1  ________________________ 

 Intercropping 28.49 29.56 28.70 29.15 

     Monoculture 28.27 29.41  28.11
*
   29.93

*
 

          
*
Significant at p < 0.05.  Data pooled over insecticide treatments.  

 

  



50 

 

   

 

 

Table 1.22. Fiber quality, micronaire, and fiber strength, as influenced by insecticide treatment.
a
 

Insecticide treatment Beulaville Wendell 

Lewiston-

Woodville 

Rocky Mount 

2010 

 

__________________ 
Micronaire, mic units 

 _________________
 

None 3.888 a 3.925 a 4.400 a 3.988 b 

Abamectin plus thiamethoxam 3.925 a 4.188 a 4.600 a 4.638 a 

Abamectin plus thiamethoxam then 

foliar acephate 
3.900 a 4.100 a 4.575 a 4.613 a 

Abamectin plus thiamethoxam plus in-

furrow aldicarb 
4.000 a 4.113 a 4.600 a 4.814 a 

 
____________________ 

Fiber strength, g tex
-1 ___________________

 

None 28.36 a 29.74 a 27.89 a 30.89 a 

Abamectin plus thiamethoxam 28.51 a 29.73 a 28.56 a 29.24 b 

Abamectin plus thiamethoxam then 

foliar acephate 
28.18 a 29.71 a 28.49 a 28.80 b 

Abamectin plus thiamethoxam plus in-

furrow aldicarb 
28.46 a 28.76 a 28.68 a 29.24 b 

a
Means within a site followed by the same letter are not different according to Fisher's Protected LSD at p < 0.05.  Data 

pooled over cropping system. 
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Table 1.23. Estimated net return as influenced by insecticide treatment when cotton is set at $1.98 kg
-1

 

lint and wheat at $0.25 kg
-1

.
a 
 

Insecticide treatment  Estimated net return 

 
$ ha

-1
 

 
None 

 
1,280 b 

 

    
Abamectin plus thiamethoxam 

 
 1,460 ab 

 

    

Abamectin plus thiamethoxam 

then foliar acephate  
 1,530 ab 

 

    

Abamectin plus thiamethoxam 

plus in-furrow aldicarb  
1,600 a 

 

    
P > F 

 

0.1171 
 

    
Coefficient of Variation (%)   42.5   
a
Means followed by the same letter are not different according to Fisher's Protected LSD at p < 0.05.  

Data pooled over cropping system and site. 
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Table 1.24. Production system net return when cotton is set at $1.98 kg-1, soybean at $0.44 kg-1, and 

wheat at $0.25 kg-1.
a
 

Production system 

Production system net return 

Beulaville Wendell 
Lewiston-

Woodville 

Rocky Mount 

2010 2011 

 
_______________________________________________

  $ ha
-1______________________________________

 

Wheat intercropped with cotton, 

abamectin plus thiamethoxam then 

foliar acephate insecticide 

treatment  

2,550 a  762 a 1,280 a 2,340 a 1,210 b 

      

Double-cropped soybean and 

wheat 
1,460 a 1,150 a  760 b  500 b 1,670 a 

      
Cotton alone, abamectin plus 

thiamethoxam then foliar acephate 

insecticide treatment 

1,760 a  570 a  1,030 ab 2,250 a  1,520 ab 

      
P > F 0.1922 0.3447 0.0909 0.0042 0.0735 

      
Coefficient of Variation (%) 39.7 62.9 26.6 30.9 15.5 

a
Means within site followed by the same letter are not different at the P value indicated. Data pooled over cropping system. 
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Figure 1.1  One pass strip-till rig with attached ground driven planter and insecticide 

applicator. 
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CHAPTER 2 

 

 

TOTAL NITROGEN SUPPLY USING LEGUMINOUS COVER 

CROPS IN COTTON (GOSSYPIUM HIRSUTUM L.) 

 

  



55 

 

   

 

 

ABSTRACT 

The use of legumes as a winter cover crop and green manure for subsequent summer 

annual crops in southeastern United States has been limited due to relatively inexpensive 

sources of nitrogen. However, the cost of synthetic nitrogen has nearly tripled in the last 11 

years, stimulating growers to reconsider the use legumes as a cost-effective source of 

nitrogen. Selecting an appropriate legume species, timing of cover crop termination, and 

timing of summer crop planting can be adjusted to supply total season nitrogen needs of 

cotton (Gossypium hirsutum L.) in North Carolina. Crimson clover (Trifolium incarnatum L.) 

and hairy vetch (Vicia villosa Roth) were used as green manures in cotton as a sole source of 

nitrogen in field experiments conducted in 2010 and 2011 in North Carolina. They were 

found to be equally effective at supplying nitrogen to cotton; however, each species had a 

preferential response to soil series. The highest lint yield and biomass were found when the 

cover crops were terminated by a single broadcast herbicide application at ten days before 

cotton planting (DBP). Lint yield of cotton following crimson clover and hairy vetch equaled 

lint yield of cotton without cover crops plus 84 kg N ha
-1

 of liquid UAN applied. Net return 

of the legume cover crop/cotton system equaled net return of the cotton liquid nitrogen 

system.  
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INTRODUCTION 

 The cost of nitrogen (N) to growers remained fairly uniform from 1974 to 2000 at an 

average cost of $0.48 kg
-1

 N
-1

 in the 30% solution UAN form (United States Department of 

Agriculture-Economic Research Service (USDA-ERS), 2012b). Since 2001, however, the 

cost has rapidly increased with the latest five-year (2006 to 2011) average cost being $1.20 

kg
-1

 N
-1 

(United States Department of Agriculture-Economic Research Service (USDA-ERS), 

2012b; Crozier et al., 2012; Edmisten, 2012c). Recommended nitrogen rates for rain fed 

cotton grown in North Carolina typically range from 60 kg ha
-1

 to 90 kg ha
-1

 accounting for 

14% of the total variable production cost (Bullen and Edmisten, 2012; Crozier et al., 2012). 

In order to minimize nitrogen cost, cotton producers must consider more efficient ways to 

use their nitrogen sources, such as precision agriculture or less costly sources such as animal 

and municipal wastes. Legume cover crops are often overlooked due to the establishment 

cost. However, faced with increasing N prices, cover crops may offer a cost effective 

alternative to other nitrogen sources. 

Fall planted legumes have been used as a winter cover crop to prevent soil erosion 

and as green manure for a succeeding summer annual crop.  Examples include alfalfa 

(Medicago sativa L.), Austrian winter pea (Pisium sativum L.), crimson clover, hairy vetch 

(Vicia villosa Roth), and common vetch (Vicia sativa L.) (Bauer et al., 1993; Frye et al., 

1985). Legume cover crops can provide additional benefits as well, such as early season 

weed suppression, improved soil structure, reduced water runoff, increased soil organic 

matter, reduced nitrogen fertilization rates, and reduced potential nitrogen leaching (Bauer et 
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al., 1993; Entry et al., 1996; Millhollon and Braud, 1999; Möller and Reents, 2009; 

Norsworthy et al., 2010; Reddy, 2001; Rochester et al., 2001; Sankaranarayanan et al., 2010).  

Previous work in North Carolina involving winter legumes indicates shoot biomass 

nitrogen content typically exceeds 100 kg N ha
-1

 in crimson clover and 150 kg N ha
-1

 in hairy 

vetch (Crozier et al., 1994; Ranells and Wagger, 1996). In Pennsylvania, Cooke et al. (2010) 

found hairy vetch shoot biomass containing at least 200 kg N ha
-1

 when terminated in late 

May. They found that shoot biomass N content was directly proportional to growing degree 

days (GDD) and therefore sensitive to termination date. These results suggest that crimson 

clover and hairy vetch may be useful as green manure in North Carolina because they have 

the potential to supply total season N needs to annual summer crops if they are allowed to 

grow into late spring. Crimson clover and hairy vetch may also be good cover crops because 

they release N rapidly after desiccation, due to their relatively low carbon to nitrogen ratio 

(C/N) (Nakhone and Tabatabai, 2008). North Carolina experiences relatively high soil 

temperature adding to N availability (Sankaranarayanan et al., 2010).  

 The challenge with any green manure used as an N source for summer annual crops 

is to manipulate the cover crop termination and/or the crop planting date so that peak 

biomass N production, legume termination, and subsequent N release and mineralization 

occur before peak crop needs. Unfortunately, many summer annual crops must be planted 

before cover crops achieve maximum biomass N due to other agronomic constraints, such as 

avoidance of late season insect damage and shortened growing season. When this happens, 

the cover crop must be terminated early and supplemental N applied to achieve high crop 
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yields. Cook et al. (2010) found that peak corn yield resulted from a mid-May hairy vetch 

termination date, even though peak biomass N had not yet been achieved; they estimated that 

late-May terminated hairy vetch produced 100 kg ha
-1

 more N than mid-May terminated 

hairy vetch, but the subsequent corn crop did not have enough remaining growing degree 

days (GDD) to produce higher yield.  

In North Carolina, cotton (Gossypium hirsutum L.) is a perennial plant grown as a 

summer annual crop that is well suited to utilize the N supplied by crimson clover and hairy 

vetch. Cotton is planted as early as soil temperature, soil moisture, and weather conditions 

allow; however, maximum yield is usually achieved when planted before the end of May 

(Edmisten, 2012c). Cotton N need above what is naturally supplied by the soil is typically 

less than 90 kg N ha
-1

 and high N uptake does not take place until first bloom, often during 

the first week in July, or at approximately eight weeks after planting (WAP). If crimson 

clover and hairy vetch are to be used as an N source, mineralization of the cover crop N must 

occur by first bloom but not so early that nitrate (NO3
-
) is susceptible to leaching. Cover crop 

studies in North Carolina indicate that termination of crimson clover and hairy vetch near 

optimum cotton planting dates may provide sufficient N for high cotton yield. Ranells and 

Wagger (1996) estimated that N released from crimson clover and hairy vetch cover crop 

residues left on the soil surface released 60 and 108 kg N ha
-1

, respectively, after 8 weeks of 

field decomposition. Parr et al. (2010) found that crimson clover peak biomass N content 

occurs in mid to late April and hairy vetch peak biomass N content occurs between early and 

late May.  



59 

 

   

 

 

Strip tillage and the use of herbicide resistant cotton cultivars have become common 

practices in North Carolina; at least 96 % of the cotton acreage is herbicide tolerant and 38% 

of the cotton acreage is reduced tilled, primarily strip-tilled (United States Department of 

Agriculture-Economic Research Service (USDA-ERS), 2007; United States Department of 

Agriculture-Economic Research Service (USDA-ERS), 2012a). These two practices may 

improve the efficiency of legume cover crops because they allow for effective late cover crop 

termination. Post-emergent non-selective herbicides, such as glufosinate, paraquat, and 

glyphosate, make it possible to terminate cover crops after cotton emergence. Strip tillage   

makes it feasible to prepare a seedbed without disturbing the cover crop situated between the 

cotton rows. In this scenario, the cover crops become living mulches. However, problems 

may arise in North Carolina when terminating cover crops in May; the cover crops may 

become difficult to kill after anthesis and soils may become excessively dry and reduce 

cotton seedling emergence (Clark et al., 1995; Price et al., 2009).   

Previous economic studies involving legumes cover crops and cotton have concluded 

that synthetic N sources were more cost effective than green manures, and green manures did 

not provide enough N by themselves to achieve high lint yield (Bauer et al., 1993; Thompson 

et al., 1997). However, most of these economic studies were conducted prior to 2000 before 

rapid increases in N cost and widespread adoption of strip tillage equipment. While N prices 

are at least three-fold higher than 2000 prices and the widespread adoption of herbicide 

tolerant cotton, more flexibility in designing winter legume/summer annual cropping system 

exists.  
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Research was conducted to evaluate crimson clover and hairy vetch as a winter cover 

crop capable of supplying total season cotton N needs. Four cover crop termination dates 

were employed using a combination of herbicide strip and herbicide broadcast applications to 

maximize N supplied to the cotton. Conventional plots with increasing levels of N were used 

to determine a nitrogen equivalency rate of the cover crop management strategy. Cover crop 

biomass, lint yield, and cotton morphological response were measured to compare cover crop 

termination strategies and cover crop species. An economic estimate of net return to the 

system was also conducted to compare termination strategy, cover crop species, and synthetic 

nitrogen response.  

 

MATERIALS AND METHODS 

 

An experiment was conducted in North Carolina during 2010 on a Goldsboro fine 

sandy loam soil (fine-loamy, siliceous, thermic, Aquic Paleudults) near Rocky Mount, and 

during 2011 on a Norfolk loamy sand soil (fine-loamy, siliceous, thermic, typic) near 

Clayton. Treatments included five cover crop termination strategies applied to two cover 

crop species, plus five bare cover plots with increasing levels of nitrogen (UAN) to establish 

nitrogen response curves. 

The cover crops, crimsom clover (Trifolium incarnatum, cv. ‘Dixie’) and hairy vetch 

(Vicia villosa, cv. ‘hairy’), were overseeded into standing cotton the previous year on 30 

September 2009 and 17 September 2010, immediately prior to defoliation. Overseeding was 

accomplished using a hand spreader calibrated to spread 28 kg ha
-1

 of true live seed. Cotton 
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was defoliated using a combination of ethephon (Prep
™

 6, Bayer CropScience, Research 

Triangle Park, NC) at 1.12 kg a.i. ha
-1

, and phosphorotrithiate (Def
®
 6, Bayer CropScience, 

Research Triangle Park, NC) at 1.34 kg a.i.ha
-1

, and thidiazuron (Dropp
®
SC, Bayer 

CropScience, Research Triangle Park, NC) at 0.11 kg a.i. ha
-1

. Cover crop germination was 

determined by counting live plants inside a 0.25 m
2  

template randomly placed inside each 

plot within 12 weeks of overseeding.  

Cover crops were terminated in the spring prior to cotton planting using the following 

strategies: 1) broadcast application of glyphosate (Roundup WeatherMax
®
, Monsanto, St. 

Louis, MO) at 1.12 kg a.i. ha
-1

 plus dicamba (Clarity
®
, BASF, Research Triangle Park, NC) 

at 0.28 kg a.e. ha
-1

 30 days before planting (DBP); 2) broadcast application of paraquat 

(Gramoxone Inteon
®
, Syngenta, Greensboro NC) at 1.12 kg a.i. ha

-1
 plus diruon (Direx

®
 4L, 

Makhteshim Agan of North America, Raleigh, NC) at 10 DBP, at 0.90 kg a.i. ha
-1

; 3) an 

application of 30.5 cm wide strips of glyphosate plus dicamba over the center of the cotton 

rows (same rates as above) at 30 DBP, plus a broadcast application of paraquat plus diruon at 

10 DBP at the same rates as above; 4) an application of 30.5 cm wide strips of glyphosate 

plus dicamba at 30 DBP over the center of the cotton rows (same rates as above), plus a 

broadcast application of paraquat plus diruon at cotton planting (same rates as above); and 5) 

an application of 30.5 cm wide strips of glyphosate plus dicamba over the center of the 

cotton rows (same rates as above) at 30 DBP, plus a broadcast application of glyphosate over 

the top of cotton at 1.12 kg a.i. ha
-1

 applied two weeks after planting (WAP). A second 
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application of glyphosate at 1.12 kg a.i. ha
-1

 was required at 4 WAP to completely kill the 

cover crop in 2011. 

Cover crop shoot biomass was collected from each plot immediately before the final 

broadcast application of herbicide using two randomly placed 0.25 m
2 

templates.  When plots 

contained previously killed strips, biomass samples were obtained from the middle two rows 

between the kill strips so that actual dry weights per area were adjusted to account for the 

strips kill area. Biomass samples were placed in cloth bags, forced-air dried at 66 °C for 72 

hours, and weighed. 

Plot size was 9.14 m long and 3.66 m wide containing four rows of cotton spaced at 

0.91 m. Tillage of all plots was performed using a strip-till rig (KMC 2-36, Kelley 

Manufacturing Co., Tifton, GA) immediately before cotton planting. Four rows of the cotton 

variety PHY 485 WRF (Dow Agrosciences, Indianapolis, IN) were planted on 7 May 2010 

and 11 May 2011 at 13 seeds per meter on 91cm rows. Cotton plant stands were counted 

from two 3 m sections of the middle two rows within three weeks of planting. At planting, all 

plots were treated with lambda-cyhalothrin (Karate
®
, Syngenta Crop Protection, Greensboro, 

NC) at 0.0219 kg ha
-1

 to minimize the risk of cutworm (Agrotis spp.) damage to seedlings. 

 Broadcast applications of urea-NH4NO3 liquid nitrogen (32% UAN) were applied to 

the no-cover crop plots at 0, 28, 56, 84, and 112 kg N ha
-1

 at the cotton growth stage match 

head square (MHS), using a CO2 pressurized two-row hand held boom with XR8004 (TeeJet, 

Wheaton, IL) calibrated nozzles. All other cotton production and pest management practices 

were conducted in accordance with North Carolina Cooperative Extension Recommendations 
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(Bacheler, 2012; Crozier et al., 2012; Edmisten, 2012a; Edmisten, 2012b; Edmisten, 2012c; 

York, 2012). 

Leaf petiole samples were taken at the first week of bloom and the fifth week of 

bloom, forced-air dried at 66 °C for 72 hours, and submitted to the North Carolina 

Department of Agriculture for nitrate (NO3
-
) concentration analysis. Nitrate concentration 

was determined with an ion sensitive electrode (Orion Model 93-07; Thermo Fisher 

Scientific Inc., Waltham, MA) following an Al2(SO4)3 extraction (Baker and Thompson, 

1992). Prior to cotton defoliation, nodes above cracked boll (NACB) were taken from 20 

randomly selected plants from the middle two rows. Plant height, total nodes, and number of 

total bolls were collected from six plants randomly selected from the middle two rows prior 

to harvest. The center two rows of each plot were harvested with a two-row spindle picker, 

weighed, and seed cotton one kg sub-samples collected for fiber quality analysis and lint 

percentage using a sawmill gin. Cotton was harvested on 16 September 2010 and 26 October 

2011 at Rocky Mount and Clayton, respectively.  

 The experiment design was a split plot with cover crop species (crimson clover, hairy 

vetch, or none) serving as the whole plot units, with cover crop termination strategy serving 

as sub-plot units within the cover crop plots. Sub-plot units were replicated four times. Data 

collected from cover crop biomass, cotton population, NACB, height, total nodes, total bolls, 

petiole NO3-, cotton yield, and gin turnout was subjected to analysis of variance (ANOVA) 

using the general linear model in SAS (Version 9.2, SAS Institute, Cary, NC) for a two 

(combination of field and year) by two (clover and vetch) by five (cover crop termination 
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strategy) treatment structure. Means of significant main effects and interaction were 

performed using Fisher’s Protected LSD at p < 0.05. The no-cover crop plots were treated 

with five levels of nitrogen. In these plots, lint yield versus applied nitrogen was subjected to 

curve fit regression, second order polynomial, using the proc regression model in SAS to 

determine optimal level of UAN to apply to achieve maximum cotton yield.  

Economic analysis was based on North Carolina Cooperative Extension Enterprise 

Budgets to compare treatments. Cost associated with cover crop seed, insecticide, herbicide, 

nitrogen, ginning, hauling, and cotton seed gin payments were removed from the budget to 

establish a base production cost of $1,047 ha
-1

 for strip-tilled cotton (Bullen and Edmisten, 

2012). Cost of cover crop seed regardless of the species varied considerably, $2.75 kg
-1

 to 

$4.40 kg
-1

, depending on cultivar, presence of inoculant coating, and supplier. Therefore, the 

seed plus inoculant plus application cost was set at $89 ha
-1

 and $136 ha
-1

 representing the 

lowest and highest range of seed cost. Cost of herbicide strips at 30 DBP, broadcast herbicide 

application at 30 DBP, broadcast herbicide application at 0 and 10 DBP, and broadcast 

application at 14 DAP were set at $8.52 ha
-1

, $17.67 ha
-1

,$24.20 ha
-1

, and $11.94 ha
-1

, 

respectively. Cost of nitrogen (32 % UAN) was set at $122 ha
-1

 based on an N rate of 84 kg 

ha
-1

. Ginning cost, payment received for ginned seed, and lint price were set at $0.23 kg
-1

 

lint, $0.20 kg
-1

 seed, and $1.98 kg
-1

 lint, respectively. Economic return for cover crop and 

termination strategy was compared with the no-cover plots at 0 and 84 kg N ha
-1

rate and 

subjected to ANOVA using the general linear model in SAS. Means of net return by 

termination strategy were separated using Fisher’s Protected LSD at p < 0.05. In a separate 
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economic analysis, economic return of legume cover crop system terminated at 10 DBP was 

compared to the no cover crop system, with 84 kg ha-1 of liquid nitrogen applied at MHS 

using the general linear model in SAS.   

 

RESULTS AND DISCUSSION 

 

 Cover crop dry weight was affected by termination strategy and the interaction of site 

and cover crop (Table 2.1). The highest dry weights were obtained when cover crops were 

terminated by a single broadcast herbicide application at 10 DBP in contrast to a broadcast 

herbicide application at 30 DBP, which produced the lowest biomass. Dry matter 

accumulation more than quadrupled in the 20 days between these two termination dates 

(Table 2.2). Termination strategies involving a strip kill at 30 DBP, regardless of the final 

termination date (10 DBP, 0 DBP and 14 DAP), resulted in dry weights that were about half 

that of the single broadcast termination at 10 DBP. Therefore, any termination strategy 

involving an early strip kill should be avoided to maximize cover crop dry weight. High 

cover crop biomass is critical to the success of a legume cover crop system to maximize soil 

N supply and early season weed suppression (Cook et al., 2010; Parr et al., 2011; Reddy, 

2001). Cover crop species affected dry weight differently depending on the site. Crimson 

clover dry weight was higher during 2010 than hairy vetch dry weight, but the opposite was 

true during 2011. Dry weight variability by site and species was attributed to variability of 

soil and climatic conditions. Hairy vetch biomass accumulation was higher in Clayton during 

2011 where sandy soils prevail, but crimson clover performed better on soils containing more 
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clay in Rocky Mount during 2010 (Table 2.3). These results are in agreement with those 

reported by Crozier et al. (2011); hairy vetch tends to be more winter-hardy and better 

adapted to sandier soils than crimson clover. 

 Regardless of cover crop species, cotton plant height and total bolls responded 

similarly to cover crop termination strategy (Table 2.1). The tallest plants with the highest 

number of bolls were found when the cover crop was terminated by a single broadcast 

herbicide application at 10 DBP (Table 2.2). The shortest plants with relatively low number 

of bolls were found in cotton when cover crops were terminated by a single broadcast 

herbicide application at 30 DBP. Plants with intermediate heights and boll numbers were 

noted when strip kill was applied at 30 DBP plus a later termination date was employed 

(Table 2.2).  

 Total nodes were affected by termination strategy and by the interaction of cover crop 

by site (Table 2.1). Total nodes per plant were higher when cover crops were terminated by a 

single herbicide at 10 DBP, strip-killed plus termination at 0 DBP, or strip-killed plus 

termination 14 DAP, compared to early termination at 30 DBP and strip kill plus termination 

at 10 DBP (Table 2.2). Total nodes in Rocky Mount during 2010 were higher in clover plots 

than vetch, but the opposite was true in Clayton during 2011 (Table 2.3). Total nodes and 

cover crop dry weight responded similarly to the interaction of cover crop species by site; 

suggesting that cover crop biomass level is more important than legume species as a 

predictor of available soil nitrogen. Nodes above cracked boll (NACB) were affected by 

termination strategy, the interaction of termination and site, and the interaction of site and 
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cover crop species (Table 2.1). In Rocky Mount during 2010, NACB increased with later 

termination dates suggesting delayed maturity (Table 2.2). Nodes above cracked boll were 

not affected by termination strategy in Clayton during 2011. In Clayton during 2011, cotton 

planted in hairy vetch exhibited higher NACB than cotton planted in crimson clover, 

suggesting that hairy vetch supplied nitrogen to cotton later in the season and/or in greater 

amounts (Table 2.3).  

 Petiole nitrate during the first week of bloom (1WAB) was affected by the interaction 

of site by cover crop by termination strategy (Table 2.1). Petiole nitrate was only affected in 

hairy vetch plots in Clayton during 2011 (Table 2.4). In these plots, petiole nitrate was 

generally responsive to termination date. The lowest nitrate levels were found in cover plots 

terminated 30 DBP and the highest levels were found in cover plots terminated at planting. 

Cover plots terminated at 10 DBP regardless of the presence of strip plots had intermediate 

levels of nitrate. The cover plots terminated 14 DAP contained nitrate levels slightly less than 

cover plots terminated at planting (Table 2.4). Petiole nitrate levels were never considered to 

be sufficient regardless of cover crop, termination strategy, or site (Crozier et al., 2012). 

Petiole nitrate levels may not have been an accurate indication of plant nitrogen status due to 

extended periods of low rainfall during the petiole sampling period at both sites. Rocky 

Mount in July of 2010 and Clayton in July of 2011 received 3.1 cm and 5.0 cm of rain, 

respectively (10 and 8 cm below the 30-year average monthly rainfall). 

 Cover crop species had no effect on lint yield (p = 0.7168) regardless of termination 

strategy or site, but cover crop termination strategy affected lint yield (Table 2.5). For plots 
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containing cover crops, the lowest yield was recorded when the cover crops were terminated 

30 DBP, and the highest yield was noted when the cover crops were terminated by a single 

herbicide application at 10 DBP. Intermediate yield levels were noted in any termination 

strategy that utilized a strip kill at 30DBP regardless of the final termination (Table 2.5). 

When comparing cover crop plots to no-cover crop plots, yield was higher for all cover crop 

treatments than no-cover crop with no nitrogen applied. However, the yields of all cover crop 

termination strategies were equal to that of no-cover crop with 84 kg N ha
-1

 applied. Net 

return of cover crops regardless of species, termination strategy, or site was equivalent to net 

return of no-cover crop with 84 kg N ha
-1

 applied and higher than no-cover crop with no 

nitrogen applied (Table 2.5). No significant difference was found between the legume cover 

crop system terminated at 10 DBP and no-cover crop system with 84 kg N ha
-1

 applied at 

MHS regardless of nitrogen of legume seed cost (Table 2.6). 

 

SUMMARY 

 

 In this experiment, it was important to establish high cover crop biomass before 

termination to assure high cotton yield. This was best accomplished by killing the cover 

crops with a single herbicide application at 10 DBP which strategy produced the highest 

yield, highest cover crop biomass, tallest plants, highest boll populations, and a net return 

equal to no-cover crop plots with 84 kg N ha
-1

 applied. High biomass level was critical to the 

success of this winter legume/summer annual cropping system, although cover crop species 

had no effect on yield and net returns. Cover crop species selection should be based on 
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suitability to soil type to ensure ease of establishment and high biomass level (Crozier et al., 

2011).   

The price of cotton, cost of nitrogen (N), cost of cover crop seed, and expected yield 

justify the use of crimson clover and hairy vetch as a sole source of N. Yield with legume 

cover crops equaled that of no-cover cotton with supplemental N applications, but additional 

benefits derived from using cover crops give growers added incentive to adopt their use. 

E{{}}arly season suppression of weeds, increased organic matter with long term use, and 

reduced water runoff through increased soil infiltration are examples of benefits that are 

difficult to economically quantify but still provide value to agricultural production systems 

(Mischler et al., 2010; Reddy, 2001; Reddy and Koger, 2004; Rochester et al., 2001; 

Sankaranarayanan et al., 2010). In North Carolina, application of pre-emergent herbicides as 

early as 30 DBP is recommended to provide continuous suppression of troublesome 

herbicide resistant weed species, such as Palmer amaranth (Palmeri amaranthus S. Wats.) 

(Whitaker et al., 2011; York, 2012). Crimson clover and hairy vetch may serve the role as a 

cover to suppress weed emergence. Based on personal observations, fewer weeds were 

observed in cotton that contained heavy cover crop residues (undocumented).  
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Table 2.1. P > F for cover crop dry weight, cotton plant height, total bolls per plant, total nodes per plant, nodes above 

cracked boll (NACB), and petiole nitrate (NO3-) at first week of bloom (1 WAB) and fifth week of bloom (5 WAB). 

            
Petiole 

NO3
-
    1 

WAB 

Petiole 

NO3
-
    5 

WAB  
Dry 

weight 

Plant 

height Total bolls 

Total 

nodes NACB Treatment factor 

 

__________________________________________
 p value 

_________________________________________
 

Site 0.9391 0.5164 0.9369 0.7728 < 0.0001 0.0845 0.8597 

        Termination Strategy (Term) < 0.0001 0.0007 0.0226 < 0.0001 0.0193 0.0597 0.6600 

        Site x Term 0.7235 0.8900 0.1413 0.1006 0.0085 0.1704 0.5662 

        Cover Crop Species (Cover) 0.5237 0.3318 0.9143 0.8006 0.3391 0.0459 0.4597 

        Site x Cover 0.0009 0.0783 0.0596 0.0094 0.0284 0.0077 0.2005 

        Term x Cover 0.1219 0.6892 0.5117 0.5620 0.1585 0.0504 0.3380 

        Site x Term x Cover 0.7444 0.1932 0.7604 0.1699 0.7833 0.0121 0.0827 

        Coefficient of variation (%) 36 9 21 4 29 51 70 
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Table 2.2. Cover crop dry weight, cotton plant height, total bolls per plant, and total nodes per plant as influenced 

by cover crop termination strategy and nodes above cracked boll (NACB) as influenced by site and termination 

strategy. 

Cover crop termination strategy             

Strip Kill at 30 

days before 

planting (DBP) 

Termination date 

relative to cotton 

planting 

Cover crop 

dry weight
a
 

Cotton 

plant 

height
a
 

  
Nodes above cracked 

boll (NACB)
b
 

Total bolls
a
 Total nodes

a
 2010 2011 

 

 days  kg ha
-1

 cm bolls plant
-1

 nodes plant
-1

 
______

 nodes 
______

 

no -30   930 c 60.2 c  7.1 bc 13.8 b 2.8 c 1.3 a 

        no -10 4,420 a 68.9 a 8.6 a 14.8 a  3.2 bc 1.8 a 

        yes -10 2,350 b  63.6 bc 6.9 c 14.2 b  3.0 bc 1.2 a 

        yes 0 2,460 b  66.3 ab  8.2 ab 14.7 a 3.7 b  1.7 a 

        yes +14 2,050 b  66.9 ab  8.1 ab 14.9 a 4.3 a 1.2 a 

a
Data pooled over cover crop and site. Means within a column followed by the same letter are not different according to 

Fisher's Protected LSD at p < 0.05. 
b
Data pooled over cover crop. Means within a column followed by the same letter are not different according to Fisher's 

Protected LSD at p < 0.05. 
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Table 2.3. Cover crop dry weight, total nodes per plant, and nodes above cracked boll (NAB) as 

influenced by cover crop and site. 

  

Cover crop dry weight 

  

Total Nodes 

  

Nodes above cracked boll 

   Cover crop 2010 2011   2010 2011   2010 2011 

 

_________
kg ha

-1 _________
 

 

______
 nodes plant

-1 ______
 

 

________
 nodes 

________
 

Crimson clover 2,980 2,070 

 

15.0 13.9 

 

1.5 3.2 

         Hairy vetch  1,870
*
  2,840

*
 

 

 14.1
*
  14.9

*
 

 

1.3  3.7
*
 

                  
*
Means within year significantly different at p < 0.05. 

Data pooled over cover crop termination strategy. 
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Table 2.4. Leaf petiole nitrate (NO3-) at first week of bloom (1 WAB) and fifth week of bloom (5 

WAB) as influenced by cover crop termination strategy, cover crop species, and site. 

Cover crop termination strategy   Petiole NO3
- 
1 WAB 

Petiole NO3
-
         

5 WAB
c
 

Strip Kill at 

30 days 

before 

planting 

(DBP) 

Termination date 

relative to cotton 

planting 

 
Crimson 

clover cover 

crop
a
 

  

Hairy vetch cover crop
b
 

  

    2010 2011 

 

 days  

 

_____________________________________
 Parts per million (ppm) 

________________________________
 

no -30 

 

  860 a 

 

425 a 2,075 c 675 a 

         no -10 

 

1,110 a 

 

850 a  2,750 bc 525 a 

         yes -10 

 

1,060 a 

 

1,275 a  3,350 bc 625 a 

         yes 0 

 

1,210 a 

 

775 a 5,225 a 687 a 

         yes +14   925 a   625 a  4,950 ab 512 a 
a
Data pooled over site. Means within a column followed by the same letter are not different according to Fisher's Protected 

LSD at p < 0.05. 
b
Means within a column followed by the same letter are not different according to Fisher's Protected LSD at p < 0.05. 

c
Data pooled over cover crop and site. Means within a column followed by the same letter are not different according to 

Fisher's Protected LSD at p < 0.05. 
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Table 2.5. Lint yield and net return when cover crop seed cost is $4.40 kg-1 and $2.75 kg-1as 

influenced by cover crop termination strategy and nitrogen applied to no cover plots. 

Cover crop termination strategy 

Nitrogen applied  

  Net return 

Strip Kill at 30 days 

before planting (DBP) 

Termination date 

relative to cotton 

planting 

 
Cover crop seed 

cost = $4.40 kg
-

1
 

Cover crop seed 

cost = $2.75 kg
-

1
 Lint yield 

 

 days  kg ha
-1

 kg ha
-1

 
____________

 $ ha
-1 ___________

 

no -30 none 1,000 b 1,240 a 1,290 a 

       no -10 none 1,190 a 1,610 a 1,650 a 

       yes -10 none  1,060 ab 1,340 a 1,390 a 

       yes 0 none  1,140 ab 1,560 a 1,610 a 

       yes +14 none  1,110 ab 1,490 a 1,540 a 

       ____________
 No cover crop 

________________
 84  1,120 ab 1,550 a 1,550 a 

       ____________
 No cover crop 

________________
 0   700 c   630 b   630 b 

       p-value 
________

 < 0.0001 0.0006 0.0004 

Data pooled over cover crop and site. Means within a column followed by the same letter are not different according to Fisher's 

Protected LSD at p < 0.05. 
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Table 2.6. System net return comparison, legume cover crop system versus no cover crop system with 84 kg N ha-1 

UAN, at various nitrogen and cover crop costs.
x
 

Nitrogen 

cost 

System net return 

Cover crop seed = $ 2.20 kg
-1

   Cover crop seed = $ 4.40 kg
-1

   Cover crop seed = $ 6.60 kg
-1

 

Legume cover 

crop killed 10 

DBP (no 

nitrogen) 

No-cover crop, 

84 kg N ha
-1

 

(UAN) 

 

Legume cover 

crop killed 10 

DBP (no 

nitrogen) 

No-cover crop, 

84 kg N ha
-1

 

(UAN) 

 

Legume cover 

crop killed 10 

DBP (no 

nitrogen) 

No-cover crop, 

84 kg N ha
-1

 

(UAN) 
  
    

 

_______________________________________________________
  $ ha

-1  _____________________________________________________
 

$1.10 kg N
-

1
 

1,670 1,580 
 

1,610 1,580 
 

1,550
y
 1,580

y
 

  
   

 
  

 
  

$1.43 kg N
-

1
 

1,670 1,550 
 

1,610 1,550 
 

1,550 1,550 

  
   

 
  

 
  

$1.76 kg N
-

1
 

1,670 1,520 
 

1,610 1,520 
 

1,550 1,520 

  
   

 
  

 
  

$2.09 kg N
-

1
 

1,670 1,500  1,610 1,500  1,550 1,500     

    
x
Not significant at p < 0.05, at all nitrogen and seed cost levels. 

y
No cover crop system net return numerically higher than legume cover crop system. 
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CHAPTER 3 

 

 

DEFOLIANT EFFECTS ON COVER CROP GERMINATION, 

COVER CROP GROWTH, AND SUBSEQUENT COTTON 

(GOSSYPIUM HIRSUTUM L.) DEVELOPMENT 
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ABSTRACT 

The price of nitrogen (N) fertilizer has increased to the point where it may be cost 

effective to grow winter legume cover crops as a sole source of nitrogen in a subsequent 

cotton crop in North Carolina. In order to optimize legume cover crop biomass nitrogen 

content, cotton producers may have to overseed legumes into cotton that has or will be 

sprayed with cotton harvest aids, which may interfere with legume germination, growth, and 

development. A greenhouse experiment was conducted to determine the effects of seven 

commonly used cotton harvest aids on legume germination and growth. The greenhouse 

experiment was followed by a field study to determine the optimum time to overseed legume 

cover crops in cotton (14 days before defoliation, at defoliation, and 14 days after 

defoliation), to determine the effects of cotton defoliants on legume germination and growth 

in the field, and to determine the effects of cover crop species and overseeding timing on 

cotton growth and yield. Based on the greenhouse experiment, cotton defoliants containing 

thidiazuron plus diuron reduced legume germination and growth more than any other cotton 

harvest aid tested; however, field studies indicate that cover crop germination and cover crop 

dry weight are not affected by thidiazuron plus diuron, regardless of the overseed timing. 

Crimson clover and Austrian winter pea affect cotton yield equally. However, timing of 

cover crop overseeding played an important role in cover crop germination, accumulated 

biomass, and lint yield. We determined that overseeding legumes 14 days before defoliation 

resulted in the highest cover crop dry weight and cotton yield. 
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INTRODUCTION 

The average cost of nitrogen (N) has remained relatively constant at $ 0.48 kg
-1

 N
-1

 

(30% solution) from 1974 to 2000; since then, the cost has rapidly increased. The latest five- 

year (2006 to 2011) average cost is $1.20 kg
-1

 N
-1

 from UAN (United States Department of 

Agriculture-Economic Research Service (USDA-ERS), 2012). This rising cost of N has 

reinvigorated research involving legume cover crops as an alternative source of N. Rain-fed 

cotton may be a good crop to incorporate legume cover crops, because it is planted in early to 

mid-May in the southeastern U.S. (Edmisten, 2012b); it is herbicide tolerant enabling post-

emergent termination of cover crops, and it requires less than 100 kg N ha
-1

 to obtain high 

yields (Crozier et al., 2012). Recent studies involving summer annual crops and legume 

cover crops indicates that May cotton plantings may be synchronized with high spring cover 

crop biomass production and timely N release and mineralization of legumes such as crimson 

clover (Trifolium incarnatum L.), Austrian winter pea (Pisum sativum L.), and hairy vetch 

(Vicia villosa Roth) (Cook et al., 2010; Norsworthy et al., 2010; Parr et al., 2011).  

 Growers in North Carolina face unique challenges associated with cotton when they 

incorporate legume cover crops into cotton production systems. In order to achieve high 

germination and growth before winter, legume cover crops should be planted early-

September to early-October (Crozier et al., 2011). The presence of un-harvested cotton and 

the use of chemical harvest aids further complicates legume planting. Also, growers are 

reluctant to divert limited time and resources away from cotton harvest, which may continue 

into November, to plant cover crops. Growers are more likely to plant an income-producing 
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crop such as wheat, even if cotton was harvested in early September and fields were prepared 

for planting. Therefore, in order to plant cover crops during a busy time of the year growers 

must adopt some non-traditional practices that require little investment in time, such as 

aircraft overseeding or overseeding with their high clearance sprayer. Overseeding legumes 

into standing cotton presents another problem due to potential cotton harvest aid effects on 

legume germination, growth, and development.  

 Harvest aids function as defoliants, boll openers, and desiccants, and are typically 

applied to cotton approximately 14 days before harvest to assure timely harvest. Benefits of 

proper defoliation include: 1) removal a major source of trash and staining; 2) more efficient 

picker operation; 3) quicker crop drying; 4) reduced boll rot; 5) straightening of plants; and 

6) promotion of earliness and yield (Edmisten, 2012a). Harvest aids can be classified as 

either herbicidal or hormonal and work in a variety of ways to promote abscission, leaf drop, 

and boll opening. They are often used in mixtures to obtain optimal results (Edmisten, 

2012a). Ultimately, most of these chemicals work by stimulating ethylene synthesis in the 

cotton plants, either by injuring the plant or by direct exposure to ethylene-producing 

compounds, by disrupting auxin transport, or by acting as a cytokinin to promote ethylene 

synthesis (Burton et al., 2008; Edmisten, 2012a; Radhakrishnan et al., 2009). Response by 

legume seeds when exposed to harvest aid chemicals is relatively unknown or not 

documented.  

Some of the most commonly used harvest aids used in North Carolina contain 

thidiazuron (TDZ). Manufacturers’ labels of cotton harvest aids containing TDZ caution 
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users to avoid planting legumes within two months of application (Anonymous, 2005).  

Thidiazuron is a growth regulator that mimics cytokinin-like activity and may lead to a wide 

variety of responses in plants depending on the species (Radhakrishnan et al., 2009). 

Thidiazuron can cause leaf abscission in some Malvacea species including cotton, release 

dormancy in lateral buds of apple (Wang et al., 1987), encourage shoot regeneration in faba 

bean (Vicia faba L.) cotyledonary nodal explants ((Khalafalla and Hattori, 2000), and 

promote shoot and root formation on soybean [Glycine max (L.) Merr.] explants in vitro 

regeneration studies (Radhakrishnan et al., 2009). Other commonly used harvest aids contain 

ethephon which is absorbed by plant tissue and broken down into ethylene to act as a plant 

growth regulator. Ethylene has been shown to promote seed germination, alleviate thermo-

inhibition, and may even be involved in breaking seed dormancy (Linkies and Leubner-

Metzger, 2012). Cyclanilide is sometimes used in combination with ethephon as a synergist 

to accelerate defoliation and boll opening. Little is understood how this material 

physiologically functions, but it’s mode of action has been attributed to disruption of polar 

auxin transport possibly by interaction with IAA transport proteins (Burton et al., 2008). 

Some harvest aid materials fall into the protoporphryrinogen oxidase (PPO) inhibitor or 

photosystem II (PSII) electron flow disruptor class of herbicides which may directly prevent 

seed germination and photosynthesis of developing seedling, respectively, in some plant 

species. Acifluoren, a PPO inhibiting herbicide found in a common defoliant reduced lentil 

(Lens cullinaris Medikus) germination in greenhouse studies (Wright et al., 1995). Diuron, a 

PSII herbicide, is commonly used in combination with thidiazuron as a cotton defoliant and 
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should not be applied to alfalfa (Medicago sativa L.) stands established less than one year 

indicating potential injury to developing legume seedlings (Anonymous, 2009). Cotton 

harvest aids have potential to affect legume germination and development in a many 

unpredictable ways especially when they are used in combination with each other. 

 In order to refine the practice of overseeding legumes in cotton, an experiment was 

conducted (greenhouse experiment followed by a field experiment) to determine the effects 

of harvest aids on legume germination, legume growth, and best time to overseed. The 

greenhouse portion was conducted to compare harvest aid materials representing several 

modes of action to determine a “worst case” combination of two legume species and harvest 

aid material. The field portion of this study incorporated the previously selected legume 

species and the most injurious harvest aid material found in the green house study to test 

several legume overseeding dates. Legume germination, legume biomass, cotton 

morphological response and cotton yield were documented. 

 

MATERIALS AND METHODS 

 

General Field Methodology 

A greenhouse experiment was conducted at the North Carolina State University 

Method Road Greenhouse Complex in Raleigh, North Carolina in 2009 followed by a field 

experiment on a Goldsboro fine sandy loam soil (fine-loamy, siliceous, thermic, Aquic 

Paleudults) near Rocky Mount in 2010 and on a Norfolk loamy sand soil (fine-loamy, 

siliceous, thermic, typic) in Clayton in 2011. The greenhouse experiment consisted of a 
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factorial arrangement of three cover crops and eight cotton defoliants treatments to screen for 

deleterious defoliant effects on legume germination and seedling growth. After determining 

defoliant effects on each cover crop in the greenhouse, a defoliant representing the worst case 

scenario was selected to be used on the two most sensitive legume crop species in subsequent 

field experiments. The field experiments consisted of a factorial arrangement of two cover 

crops, three cover crop planting dates, and two cotton defoliant treatments. 

 

Greenhouse 

Eight defoliant treatments, with different modes of action, were applied to three 

legume cover crops. Three cover crop species (Austrian winter pea, crimson clover, and hairy 

vetch) were selected to represent a wide variety of seed sizes and therefore expressing a great 

deal of germination variability when overseeded in cotton. One hundred seeds of each 

species (300 total) were planted in a 46 cm by 66 cm sterilized tray containing sterilized 

Norfolk loamy sand soil (6 cm depth) which served as the experimental unit. Seeds were 

equally spaced in nine rows and randomly planted within trays. Each tray was then sprayed 

with one of the following defoliants using a Teejet® XR11002 even flat tip at 4.8 km h
-

1
calibrated to 94 l ha

-1
: 1) thidiazuron (Dropp

®
 SC, Bayer CropScience, Research Triangle 

Park, NC) at 0.22 kg a.i. ha
-1

; 2) carfentrazone-ethyl (Aim
®
 EC, FMC Corporation, 

Philadelphia, PA) at 0.28 kg a.i. ha
-1

; 3) thidiazuron plus diuron (Ginstar
®
 EC, Bayer 

CropScience, Research Triangle Park, NC) at 0.088 kg a.i. ha
-1

 thidiazuron plus 0.044 kg a.i. 

ha
-1

 diuron; 4) urea sulfate plus ethephon (FirstPick™, Nufarm Americas Inc., Burr Ridge, 

IL) at 1.28 kg a.i.ha
-1

; 5) ethephon phosphonic acid (Prep™, Bayer CropScience, Research 
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Triangle Park, NC) at 2.23 kg a.i.ha
-1

; 6) phosphorotrithioate (Def
®
 6, Bayer CropScience, 

Research Triangle Park, NC) at 1.68 kg a.i. ha
-1

; and 7) ethephon phosphonic acid plus 

cyclanilide (Finish
®
 6 Pro, Bayer CropScience, Research Triangle Park, NC) at 1.68 kg a.i. 

ha
-1

 ethephon plus 0.11 kg a.i. ha
-1

 cyclanilide. Seed trays were then covered with sterilized 

sand (0.5 cm depth), lightly watered, and randomly placed on a bench under scheduled 

irrigation to promote germination. Germination data and shoot biomass was collected 14 to 

19 DAP, then forced-air dried at 90 °C for 48 hours and weighed, except in run #1 where no 

shoot weights were taken. The experiment was replicated on four benches and repeated three 

times on 1 May 2009, 29 May 2009, and 25 June 2009. 

The experiment design was a split plot with defoliant serving as the whole plot unit 

and cover crop species serving as the sub-plot unit. Germination rating and shoot biomass 

data were subjected to subjected to analysis of variance (ANOVA) using the general linear 

model in SAS (Version 9.2, SAS Institute, Cary, NC) for a 3 (runs) by 3 (legume species) by 

8 (defoliant) treatment structure. Means of significant main effects and interactions were 

performed using Fisher’s Protected LSD at p < 0.05.  

 

Field Experiment 

Results from the greenhouse experiment indicate that hairy vetch would be least 

affected by harvest aids; therefore, vetch was omitted from the field experiments. Crimson 

clover and Austrian winter pea were overseeded into standing cotton on three dates; 14 days 

before cotton defoliation, immediately before defoliation, and immediately before cotton 

harvest. Legumes were spread over four cotton rows using a hand spreader calibrated to 
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deliver 28 kg ha
-1

 actual live seed resulting in 3.6 m by 9 m plots. Legume overseeding in 

Rocky Mount took place on 16 September 2009, 30 September 2009, and 19 October 2009. 

Legume overseeding took place in Clayton on 17 September 2010, 12 October 2010, and 26 

October 2010. Cotton defoliant treatment consisted of no defoliant or thidiazuron plus diuron 

at 0.088 kg a.i. ha
-1

 and 0.044 kg a.i. ha
-1

, respectively, applied with a CO2 pressurized 

backpack sprayer calibrated to deliver 140 lha
-1

. All plots were mowed within 4 days of 

cotton harvest. Legume germination was determined in early-March by randomly selecting 

two locations within the center two rows of each plot and counting live plants inside 0.25 m
2
 

quadrants.  Cover crop biomass was obtained immediately before termination by removing 

all shoot biomass within two 0.25 m
2
 quadrants randomly placed within the center two rows 

of each plot. Shoot biomass was placed in cloth sacks, dried at 75 °C for 72 hours, and 

weighed. Cover crops were terminated 11 days before planting in Rocky Mount (27 April 

2010) and nine days before cotton planting in Clayton (2 May 2011), using paraquat 

(Gramoxone Inteon®, Syngenta Crop Protection, Greensboro, NC) at 1.12 kg a.i. ha
-1

 plus 

diruon (Direx
®
 4L, Makhteshim Agan of North America Inc., Raleigh, NC) at 0.90 kg a.i.  

ha
-1

 plus a non-ionic surfactant (Induce
®
, Helena Chemical Co., Collierville, TN) at 0.25 % 

V/V using a backpack sprayer calibrated to 140 L ha
-1

.  

Rows were established using a strip tillage   tool (KMC 2-36, Kelley Manufacturing 

Company, Tifton GA) at 91 cm row width on 7 May 2010 and 11 May 2011. The cotton 

cultivar WRF485 (PhytoGen, Dow AgroSciences, Indianapolis, IN) was planted after strip 

tillage   at 14.8 seeds m-row
-1

 on the same day. After planting, the experiment received a 
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broadcast treatment of lambda-cyhalothrin insecticide (Karate
®
, Syngenta Crop Protection, 

Greensboro, NC) at 0.022 kg a.i. ha
-1

 to prevent cutworm (Noctuidae spp.) damage. No 

nitrogen was applied to cotton during the growing season; otherwise, cotton was grown in 

accordance with North Carolina Cooperative Extension recommendations (Bacheler, 2012; 

Crozier et al., 2012; Edmisten, 2012a; Edmisten, 2012b; York, 2012).  

Nodes above cracked boll (NACB) were determined based on 20 randomly selected 

plants from the middle two rows prior to defoliation. Data for height, total nodes, number of 

total bolls, and sympodial bolls were collected from six randomly selected plants from the 

middle two rows of each plot prior to harvest. The center two rows of each plot were 

machine harvested with a two-row spindle picker modified for small-plot research. A one kg 

sample of seed cotton was collected from each plot during harvest to determine lint 

percentage using a sawmill gin. Cotton was harvested on 9 September 2010 in Rocky Mount 

and 5 October 2011 in Clayton. 

The experimental design was a randomized complete block design (RCBD) 

consisting of a factorial arrangement of two (defoliant) by two (legume species) by two 

(legume planting date) main plot factors. Cover crop germination, cover crop biomass, cotton 

yield, plant height, total nodes, sympodial bolls, total bolls, and nodes above cracked boll 

(NACB), was subjected to analysis of variance (ANOVA) using the general linear model in 

SAS for a 2 (sites) by 2 (legume species) by 2 (defoliants) by 3 (overseed dates) treatment 

structure. Means of significant main effects and interactions were performed using Fisher’s 

Protected LSD at p < 0.05.  
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RESULTS AND DISCUSSION 

 

Greenhouse 

Cover crop germination was affected by defoliation treatment but not consistently 

across run or cover crop (Table 3.1). Hairy vetch germination was not affected by any 

defoliation treatment regardless of run. Crimson clover and Austrian winter pea germination 

was reduced by TDZ plus diuron only in run #3 compared to the untreated check. However, 

crimson clover germination was reduced by ethephon phosphonic acid, TDZ, and TDZ plus 

diuron in run #2 compared to the untreated check. Although not significant, crimson clover 

germination tended to be lower when carfentrazone, ethephon plus Cyclanilide, and urea 

sulfate plus ethephon defoliation treatments were applied in run #2 and #3, compared to the 

untreated check.  

Cover crop dry weights were affected by many defoliant treatments in run #2 and run 

#3 (Table 3.2). Thidiazuron plus diuron reduced dry weights more than any other defoliant 

treatment across all cover crops and greenhouse runs compared to the non-treated control. 

Thidiazuron alone caused the same reduction in dry weight as TDZ plus diuron when applied 

to peas in both greenhouse runs, and nearly the same reduction in dry weight in clover and 

vetch. The TDZ plus diruon treatment reduced dry weight by as much as 70% and 

germination by 43% in crimson clover in run #3 compared to the non-treated control. 

Thidiazuron plus diuron reduced Austrian winter pea dry weight by 55 % and germination by 

10% in run #3 compared to the non-treated control. Since no defoliation treatment had any 
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effect on vetch germination, it was not selected for subsequent field testing in order to 

minimize the size of the field experiment.  

Field Experiment 

Cover crop germination was affected by cover crop species, overseed timing, the 

interaction of site by cover crop, the interaction of site by overseed timing, the interaction of 

cover crop species by overseed timing, and the three-way interaction of site by cover crop by 

overseed timing (Table 3.3).  However, TDZ plus diuron had no effect on cover crop 

germination; therefore, germination data were pooled over defoliant and no-defoliant 

applications. Clover and pea germination was not affected in Rocky Mount during 2010 by 

overseed timing (Table 3.4). In Clayton, the lowest germination count was recorded in both 

clover and pea when the cover crops were overseeded immediately before defoliation 

application. Intermediate levels of cover crop germination were noted when overseeding took 

place two weeks before cotton defoliation. The difference in legume germination due to 

overseed timing was attributed to variability in environmental factors and soil type. 

Cover crop dry weight was affected by cover crop species, overseed timing, and the 

interaction of site by overseed timing (Table 3.3). Crimson clover dry weight was higher than 

Austrian winter pea when pooled over site, overseed timing, and defoliation treatment (data 

not shown). Cover crop dry weight was not affected by overseed timing in Rocky Mount 

during 2010, but cover crop dry weight was higher when overseeded 14 days before 

defoliation compared to at-defoliation and 14 days after defoliation in Clayton (Table 3.5). 
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Cotton plant height was affected by cover crop, the interaction of cover crop by 

defoliation, and the interaction of site by cover crop by overseed timing (Table 3.3). Cotton 

node production was also affected by cover crop (Table 3.3). Cotton planted in clover was 

taller and contained more nodes when compared to cotton planted in vetch (data not shown). 

The application of TDZ plus diuron when overseeding cover crops had contrasting effects on 

cotton height depending on the cover crop species. Cotton plants were shorter when planted 

in crimson clover treated with TDZ plus diuron than cotton plants in crimson clover without 

the defoliant treatment. However, the opposite was true for cotton planted in Austrian winter 

pea; cotton was taller when the pea was treated with TDZ plus diuron compared to cotton 

planted in pea without the TDZ plus diuron treatment (data not shown). Furthermore, plant 

height was highest when Austrian winter pea was overseeded at defoliation in Rocky Mount 

during 2010 compared to overseeding 14 days before and after defoliation (Table 3.6). 

However, this pattern was not repeated in Clayton where plant height was higher when 

Austrian winter pea was overseeded 14 days before defoliation compared to overseeding at 

later dates. Plant height response is most likely due to variability in cover crop biomass 

accumulation and available nitrogen. 

Total number of bolls per plant was affected by the interaction of site by cover crop 

and site by overseed timing (Table 3.3). Higher number of total bolls were noted on cotton 

planted in crimson clover compared to cotton planted in Austrian winter pea in Rocky Mount 

during 2010, although no difference was found in Clayton during 2011 (data not shown). 

Also, more bolls were noted on cotton plants when the cover crops were overseeded 14 days 
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before defoliation in Clayton during 2011 (Table 3.7). Even though the number of bolls per 

plant was different under particular treatments, there was no correlation between boll number 

and lint yield. Lint yield was only affected by the interaction of site and overseed timing 

(Table 3.3). Lint yield was lower when the cover crops were overseeded at defoliation in 

Rocky Mount compared to overseeding at 14 days before and 14 days after defoliation. 

Contrary to Rocky Mount, lint yield was lower when cover crops were overseeded 14 days 

after defoliation in Clayton compared to earlier overseeding dates (Table 3.8). Lint yield was 

consistently higher, regardless of site, when cover crops were overseeded 14 days before 

defoliation.  

 

SUMMARY 

 

Data from this experiment suggests that defoliation with TDZ plus diuron has little to 

no effect on crimson clover or Austrian winter pea germination, cover crop biomass 

accumulation, cotton plant height, cotton total nodes, total bolls, and lint yield in the field. 

Although cover crop germination was influenced by overseed timing, site, and cover crop 

species, variability in cover crop germination had little or no effect on cover crop dry weight 

and lint yield. Cover crop overseed timing was the most important factor affecting cover crop 

dry weight and lint yield. The highest dry weights and yields were obtained when cover crops 

were overseeded 14 days before defoliation. Based on this two-year study, overseeding of 

legume cover crops should be completed as early as possible, preferably before defoliation. If 

early overseeding dates are not an option, growers may still consider overseeding cover crops 

later, as long as they understand that cotton may require additional in-crop nitrogen if cover 
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crop biomass is inadequate. These studies also suggest that selection of cover crop species is 

important and cover crop should be matched to soil type. In this study, crimson clover 

produced more biomass than Austrian winter pea even though it did not translate into higher 

yield. Given equal lint yields, the cover crop species that produces more biomass is preferred 

because it is more likely to reduce early season weed competition (Reddy et al., 2006). 

Previous research also indicates that legume cover crop species perform differently under 

different soils types. Hairy vetch prefers sandier soils and yet will tolerate more poorly 

drained soils than crimson clover. (Crozier et al., 2011; Parr et al., 2011).  

In this experiment, we assumed that defoliant behavior in the greenhouse typified 

behavior in most North Carolina fields. More specifically, TDZ plus diuron had the greatest 

potential of all the cotton harvest aids tested to reduce legume cover crop germination and 

growth in the field. There is no reason to dispute this assumption, but further experimentation 

with combinations of defoliants with alternate modes of action is recommended. In an 

associated experiment conducted adjacent to this experiment in the same field in Clayton 

during 2011, crimson clover germination and growth were lower in the associated 

experiment (undocumented due to statistical design of the two experiments). Even though the 

overseeding rate, overseeding date, cotton defoliation date, biomass sampling date, and 

cultural practices were nearly the same, crimson clover dry weight was approximately 50% 

lower in the associated experiment. This reduced clover growth may have been caused by the 

different cotton defoliation strategy. In the associated experiment, a broadcast application of 
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the combination of phosphorotrithioate plus ethephon phosphonic acid plus TDZ was used as 

the defoliation treatment.   
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Table 3.1. Legume germination (%) in greenhouse by defoliant treatment. 

Defoliant treatment 

   Greenhouse run # 1    Greenhouse run # 2    Greenhouse run # 3 

  Clover Pea Vetch   Clover Pea Vetch   Clover Pea Vetch 

  

____________________________________________________
 % germination 

_______________________________________
 

NTC
z
 

 
81.8 90.7 84.5  81.5 a 93.0 91.0  81.5 ab 94.3 a 87.0 

  
Carfentrazone    

 
71.3 69.8 79.0    73.8 ab 93.5 93.3  79.0 ab 94.8 a 88.0 

  
Phosphorotrithioate 

 
85.0 84.5 82.0  70.5 abc 88.3 86.5  83.0 a 89.5 ab 86.0 

  
Ethephon plus 

Cyclanilide  
82.8 80.5 85.5  69.5 abc 92.8 85.0  69.0 b 92.8 a 87.3 

  
Urea Sulfate/Ethephon 

 
87.8 83.5 90.0   75.5 ab 90.5 87.8  73.5 ab 93.0 a 87.0 

  
Ethephon Phosphonic 

Acid  
68.9 81.5 77.3    67.0 bc 89.5 87.8  70.8 ab 94.3 a 87.0 

  
Thidiazuron 

 
78.8 88.0 73.2    65.5 bc 89.0 84.5  71.0 ab 93.5 a 87.3 

  
Thidiazuron plus Diuron 

 
70.5 77.3 82.0  58.5 c 86.8 91.5  47.8 c 84.3 b 85.3 

  
P > F 

 
0.1079 0.1745 0.3593  0.0307 0.4222 0.4778  0.0030 0.0123 0.9662 

 
  

LSD 
 

NS NS NS  12.2 NS NS  12.7 5.6 NS 
      

Means within a column followed by the same letter are not different according to Fisher's Protected LSD at p < 0.05. 
z 
Denotes non-treated control. 
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Table 3.2. Legume dry weight as influenced by defoliant treatment. 

Defoliation treatment  

   Greenhouse run # 2    Greenhouse run # 3   

  Clover Pea Vetch   Clover Pea Vetch   

  

__________________________________ 
g per 100 plants 

_________________________________
 

NTC
z
 

 
0.83 a 5.09 a 1.58 a  1.19 ab 4.90 a 1.64 a  

  
Carfentrazone    

 
0.64 b 4.84 a  1.38 ab    1.09 abc  4.59 ab   1.42 ab  

  
Phosphorotrithioate 

 
 0.70 ab 4.73 a  1.22 bc  1.43 a  4.58 ab 1.53 a  

  
Ethephon plus Cyclanilide 

 
0.58 b 4.14 b  1.04 cd   0.91 bc  4.28 ab  1.20 bc  

  
Urea Sulfate/Ethephon 

 
0.63 b  4.53 ab 0.77 ef  0.83 c  4.24 ab  1.13 bc  

  
Ethephon Phosphonic Acid 

 
0.57 b 3.97 b 0.99 de   0.96 bc 4.14 b  1.11 bc  

  
Thidiazuron 

 
0.65 b 2.65 c 0.57 fg   0.85 bc 2.68 c   0.89 cd  

  
Thidiazuron plus Diuron 

 
0.38 c 2.56 c 0.52 g  0.36 d 2.23 c 0.62 d  

  
P > F 

 
0.0015 0.0001 0.0001  0.0020 0.0001 0.0010  

 
  

LSD 
 

0.17 0.58 0.23  0.35 0.67 0.31  
      

Means within a column followed by the same letter are not different according to Fisher's Protected LSD at p < 0.05.  

 
z 
Denotes non-treated control. 
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Table 3.3. P > F for cover crop germination, cover crop dry weight, plant height, nodes per plant, 

bolls per plant, and lint yield. 

  Cover crop 

germination 

Cover crop 

dry weight Plant height Total nodes 

Number of 

Bolls Lint yield Treatment factor 

 

___________________________________
 p value 

__________________________________
 

Site 0.0021 0.2307 0.0096 0.0458 0.0574 0.8266 

       Cover Crop (CC) < 0.0001 < 0.0001 0.0286 0.0169 0.6652 0.1683 

       Site x CC < 0.0001 0.6817 0.1433 0.3150 0.0402 0.8310 

       Overseed Timing (Time) < 0.0001 < 0.0001 0.1620 0.1868 0.0935 0.4645 

       Site x Time < 0.0001 < 0.0001 0.0672 0.4548 0.0352 0.0247 

       CC x Time < 0.0001 0.3620 0.5774 0.2880 0.3336 0.3082 

       Site x CC x Time < 0.0001 0.5484 0.0269 0.3059 0.0808 0.2610 

       Defoliation (Defol) 0.3714 0.0764 0.9112 0.2568 0.3204 0.5271 

       Site x Defol 0.2333 0.6724 0.6387 0.6977 0.9599 0.7396 

       CC x Defol 0.6173 0.0666 0.0060 0.0645 0.1646 0.0686 

       Site x CC x Defol 0.9473 0.7652 0.2031 0.9268 0.7397 0.6838 

       Time x Defol 0.4050 0.3391 0.3418 0.5920 0.7549 0.4034 

       Site x Time x Defol 0.2881 0.5313 0.3058 0.0553 0.2564 0.3252 

       CC x Time x Defol 0.2756 0.6183 0.2589 0.7197 0.7131 0.4058 

       Site x CC x Time x Defol 0.2199 0.9193 0.9591 0.4114 0.3466 0.2752 

       Coefficient of variation (%) 42 24 9 5 20 13 
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Table 3.4. Cover crop germination as influenced by overseed timing, cover crop, and site. 

Cover crop overseed 

timing relative to cotton 

defoliation 

 Rocky Mount 2010   Clayton 2011 

Clover Austrian Pea Clover Austrian Pea 

 

____________________________
  Plants m

-2 __________________________
 

14 days before defoliation 82 a 35 a 219 b  61 ab 

     At defoliation 54 a 35 a 98 c 23 b 

     14 days after defoliation 81 a 40 a 419 a 81 a 

Means within a column followed by the same letter are not different according to Fisher's 

Protected LSD at p < 0.05. Data is pooled over defoliation treatment. 
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Table 3.5. Cover crop dry weight 10 days before cotton planting, immediately before termination, as 

influenced by cover crop species, overseed timing, and site. 

Cover crop overseed timing relative to 

cotton defoliation 

        

Rocky Mount 2010 Clayton 2011 

 

_______________________
  kg ha

-1  _____________________
 

14 days before defoliation 6,350 a 10,000 a 

   
At defoliation 5,760 a   5,670 b 

   
14 days after defoliation 5,350 a   5,910 b 

Means within site followed by the same letter are not different according to Fisher's Protected LSD at p < 0.05. 

Data is pooled over cover crop and defoliation treatment. 
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Table 3.6. Cotton plant height as influenced by cover crop overseed timing, cover crop species, and site. 

Cover crop overseed timing relative 

to cotton defoliation 

Rocky Mount  2010 _   Clayton  2011   _          

Clover Austrian Pea Clover Austrian Pea 

 

___________________
  Plant height cm

___________________
 

14 days before defoliation 70.9 a 64.1 b 80.4 a 77.4 a 

     At defoliation 67.8 a 72.3 a 78.6 a 69.5 b 

     14 days after defoliation 65.7 a 65.0 b 76.3 a  73.6 ab 

Means within a column followed by the same letter are not different according to Fisher's Protected LSD 

at p < 0.05. Data is pooled over defoliation treatment. 
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Table 3.7. Number of bolls per plant as influenced by cover crop 

termination timing and site. 

Cover crop overseed timing 

relative to cotton defoliation 

        

Rocky Mount 2010 Clayton 2011 

 

_______________
  Number of bolls plant

-1  ______________
 

14 days before defoliation 7.5 a 10.2 a 

   At defoliation 7.9 a  8.4 b 

   14 days after defoliation 7.4 a  8.6 b 

Means within site followed by the same letter are not different according to Fisher's 

Protected LSD at p < 0.05. Data is pooled over cover crop and defoliation treatment. 
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Table 3.8. Lint yield as influenced by cover crop timing and site. 

Cover crop overseed timing relative 

to cotton defoliation 

        

Rocky Mount 2010 Clayton 2011 

 

_____________________
  kg lint ha

-1  ___________________
 

14 days before defoliation 1,090 a 1,090 a 

   At defoliation 1,000 b 1,090 a 

   14 days after defoliation 1,110 a   990 b 

Means within site followed by the same letter are not different according to Fisher's Protected LSD at p < 0.05. 

Data is pooled over cover crop and defoliation treatment. 
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CHAPTER 4 

 

 

CROP RESPONSE TO FURROW DIKING 

IN NORTH CAROLINA 
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ABSTRACT 

Furrow diking is the practice of installing small basins interrupted by small earth 

dams between crop rows to reduce water runoff and improve water retention. Furrow diking 

equipment is operated shortly after planting and has been used extensively in the southern 

Great Plains. Research evaluating crop response to furrow diking is limited in North Carolina 

and other southeastern states. Experiments were conducted to determine corn (Zea mays L.), 

cotton (Gossypium hirsutum L.), and peanut (Arachis hypogaea L.) yield response to furrow 

diking in conventional tillage systems. Research was also conducted to determine cotton and 

peanut response to furrow diking in both conventional and reduced tillage systems. Peanut 

response to tillage was variable but was not affected by furrow diking. Cotton yield was 

higher in strip tillage but was not affected by furrow diking in these experiments. In contrast, 

cotton yield increased by 7% when furrow diking was included in a separate group of 

experiments in conventional tillage. Corn yield was not affected by furrow diking.  
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INTRODUCTION 

The “furrow diker” is an implement designed to increase water infiltration on soils 

that are prone to water loss by runoff. It can be purchased as single row units for attachment 

behind tillage equipment to loosen soil or used alone in loose soil; this practice is known as 

basin tillage (Howell et al., 2002). The furrow diker is applied between rows to create a 

series of depressions (pits) interrupted by small individual dams and is applied between rows 

of crops, such as corn (Zea mays L.), cotton (Gossypium hirsutum L.), peanut (Arachis 

hypogaea L.), sorghum [Sorghum bicolor (L.) Moench], and soybean [Glycine max (L.) 

Merr.]. It utilizes a set of rotating paddles, or shovels, to drag or dig loose soil until the 

weight of that soil causes the paddle to trip, flip over, and release the soil in a mound creating 

the dam. Once the paddle trips, the process starts over and the diker begins to collect soil 

again. The length, depth, and width of the basin are dependent on the paddle weight, 

geometry of the paddle system, row width, and soil physical properties at the time of 

application. The furrow diker is widely used in the Southern Great Plains primarily in cotton 

(Jones and Clark, 1987). The history of furrow diker use is well summarized by Nuti et al. 

(2009) and Jones and Steward (1990).  

 The furrow diker improves water infiltration by locally ponding water and serving as 

a reservoir by holding water long enough to infiltrate the soil before runoff occurs. Basin 

water surface storage capacity has been estimated to range from 25 mm on coarse-textured 

soils to 60 mm on fine-textured soils (Baumhardt et al., 1992; Jones and Stewart, 1990). 
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Basin tillage increases infiltration rate and cumulative infiltration compared to non-

diked soils, but the infiltration rate slows down over time due to soil crusting and soil sealing 

caused by raindrop impact (Baumhardt et al., 1992; Oliveira et al., 1987). Not only is 

infiltration improved in basin tilled fields, water runoff is reduced because basin storage 

capacity may exceed rainfall events; therefore, basin size is a big determinant in runoff 

potential (Oliveira et al., 1987). Clark and Jones (1981) constructed basins with a surface 

storage capacity of 60 mm on one meter row spacing that were able to prevent runoff from a 

150 mm storm when the initial infiltration rates were high due to low soil moisture and 

cracking. Jones and Clark (1987) also reported moderate erosion and dam washout on newly 

constructed basins on a 3% sloped clay soil field when subjected to a heavy 70 mm rainfall in 

0.5 hours. Rawitz (1983) reported 10-fold higher erosion losses on plowed and disked fields 

and 25-fold higher erosion losses on disk-ridged fields when compared to disk-ridged with 

basin tillage fields.   

Furrow diking may increase crop yield in years when rainfall intensity exceeds the 

infiltration rate (Baumhardt et al., 1993). Crop response to basin tillage under non-irrigated 

conditions is highly variable ranging from highly positive to negative. Negative responses 

have been attributed to weed interference and excessive water ponding, resulting in poor soil 

aeration (Jones and Stewart, 1990). Baumhardt et al. (1993) reported no increase in cotton 

and sorghum yield due to basin tillage in Texas on clay loam soils with 0.5% slope despite an 

associated reduction in water runoff. In the same study, Baumhardt et al. (1993) also 

recorded a yield increase in cotton one in three years due to conservation tillage (no-till), and 
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that conservation tillage was more effective than furrow diking for increasing water 

conservation on nearly level semiarid soils. Sorensen et al. (2010) reported that furrow diking 

did not affect corn, cotton, and peanut yield in a three-year rotation study in Georgia. 

Conversely, Jones and Clark (1987) found a yield increase in sunflower (Helianthus annuus 

L.) one in three years and yield increases as high as 284% in sorghum two of three years in 

Texas. Nuti et al. (2009) reported a cotton yield increase one in three years when applying 

furrow diking combined with irrigation in Georgia. Similarly, Howell et al. (2002) reported a 

corn yield increase due to furrow diking combined with irrigation in three consecutive years 

in Texas. 

 Furrow diking may increase summer annual crop yield in North Carolina because a 

large portion of cropland is subject to high runoff potential due to the predominance of 

conventional tillage practices, high intensity rainfall events in the summer, and lack of 

irrigation. Based on 2007 USDA-ERS data, less than 38% of cotton, 41% of corn, 6% of 

peanut, and 47% of soybean in North Carolina fields are produced utilizing some form of 

conservation tillage. North Carolina fields are primarily rain-fed, and less than 3% of 

hectares are irrigated (United States Department of Agriculture-National Agricultural 

Statistics Service (USDA-NASS), 2011). Sub-surface drip irrigation studies in Lewiston-

Woodville, North Carolina over the past ten years (2001-2011) highlight the yield loss 

associated with soil moisture deficiency (Jordan, 2012). Sub-surface irrigation positively 

affected cotton yield six of nine years, peanut yield four of six years, and every year 
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irrigation was applied in corn. Summer rainfall (June through September) was less than 48 

cm in every combination of year and crop where irrigation provided a yield boost. 

If furrow diking can reduce runoff and improve water infiltration on North Carolina 

soils, it may increase the consistency of non-irrigated yields and reduce the frequency of 

irrigation on irrigated fields. Therefore, field experiments were conducted to: (1) determine 

the effect of furrow diking on corn, cotton, and peanut yield, and (2) to define interactions of 

furrow diking with tillage system in cotton and peanut. 

 

MATERIALS AND METHODS 

 

Cotton and Peanut Response in Conventional and Reduced Tillage Systems 

Research was conducted in North Carolina during 2007 and 2008 at the Upper 

Coastal Plain Research Station near Rocky Mount on a Rains fine sandy loam soil (fine-

loamy, siliceous, thermic Typic Paleaquults). Plot size was six rows by 60 or 90 m in length. 

Cotton cultivars DP117B2RF (Deltapine®, Monsanto, St. Louis, MO) in 2007 and 

DP141B2RF (Deltapine®, Monsanto, St. Louis, MO) in 2008, and peanut cultivar VA 98R 

(Mozingo et al., 2000) were seeded at a rate designed to establish 14 plants m-row
-1

 in early 

May of each year, in both conventional and reduced tillage systems. Conventional tillage 

consisted of fall mowing of previous crop residue, disking the field twice, and forming 

elevated beds using a KMC ripper bedder (Kelley Manufacturing Co., Tifton, GA) within 10 

days of planting. Reduced tillage was applied within 7 days of planting and consisted of 33 to 

40 cm wide tillage zones prepared using a KMC strip tillage implement (Kelley 
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Manufacturing Co., Tifton, GA) with an in-row subsoiler followed by two sets of coulters 

and two rolling baskets to smooth the tillage zone. Within each system, the center two rows 

of each plot were exposed to a furrow diking or a no furrow diking treatment. Furrow diking 

treatment was applied to the whole length of the test field using two paddle narrow frame 

diker (Lorenzo Mfg. Inc., Lorenz TX) within 7 days of planting. The resulting basin size 

varied considerably between experiments, but the average basin size was 1.5 to 2.0 m long by 

30 to 36 cm wide by 15 by 20 cm deep. All other production practices except tillage prior to 

planting and furrow diking were held constant over the experiment and were conducted in 

accordance with North Carolina Cooperative Extension Service recommendations for the 

region. Peanut pods and vines were inverted in early October to optimize pod yield (Williams 

and Drexler, 1981). Cotton was machine-harvested with a spindle picker modified for small-

plot harvesting.  

The experimental design was a randomized complete block with two replications. 

Within each replication, four or six, 15-m sections were harvested and the average yield of 

the sections considered the experimental unit. Data for experiments at Rocky Mount were 

subjected to analysis of variance (ANOVA) using the general linear model in SAS (Version 

9.2, SAS Institute, Cary, NC) with partitioning for the two(year) by two (tillage) by two 

(furrow diking) treatment structure. Means of significant main effects and interactions were 

separated by Fisher’s Protected LSD test at the p-value indicated.  
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Corn, Cotton, and Peanut Response in Conventional Tillage 

Research was conducted at the Peanut Belt Research Station near Lewiston-

Woodville during 2007 and 2008 to evaluate peanut response to furrow diking in 

conventional tillage systems on a Goldsboro fine sandy loam soil (fine-loamy, siliceous, 

thermic Aquic Paleudults). Plot size was four rows by 60 m in length. Peanut planting and 

furrow diking treatments were applied to conventional tillage as described in previous section 

within 7 days of planting. All other production practices except tillage prior to planting and 

furrow diking were held constant over the experiment and were conducted in accordance 

with North Carolina Cooperative Extension Service recommendations for the region.  

In a separate experiment, research was conducted in North Carolina during 2009 at 

the Upper Coastal Research Station near Rocky Mount on a Norfolk fine sandy loam soil 

(fine-loamy, siliceous, thermic Typic Paleudults) and during 2008 and 2009 at the Peanut 

Belt Research Station near Lewiston-Woodville on a Norfolk fine sandy loam soil and on a 

Bonneau loamy sand soil (loamy, siliceous, thermic Arenic Paleudults) to evaluate corn 

response to furrow diking in conventional tillage systems. Plot size was six rows by 90 m in 

length. Corn cultivar A007P (Augusta Seed Corp., Mount Solon, VA) was planted at 54,300 

seeds ha
-1

 on 91 cm rows. Within each plot, the center two rows were exposed to a furrow 

diking or a no-furrow diking treatment. Furrow diking treatment was applied to conventional 

tillage within 7 days of planting. All other production practices, with the exception of tillage 

prior to planting and furrow diking, were held constant over the experiment and were 
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conducted in accordance with Cooperative Extension Service recommendations for the 

region. Grain was harvested using a two-row combine modified for small-plot harvesting.  

In a separate experiment, research was conducted in North Carolina during 2009 at 

the Upper Coastal Research Station near Rocky Mount on a Wagram loamy sand soil (loamy, 

siliceous, thermic Arenic Paleudults; 2-6% slope) and at the Peanut Belt Research Station 

near Lewiston-Woodville on a Goldsboro fine sandy loam soil (fine-loamy, siliceous, 

thermic, Aquic Paleudults, 0-2% slope). Two additional experiments were conducted during 

2010 at the Upper Coastal Research Station near Rocky Mount on a Norfolk loamy sand soil 

(fine-loamy, siliceous thermic, Aquic Paleudults; 2-6% slope) and one experiment at the 

Peanut Belt Research Station near Lewiston-Woodville also on a Norfolk loamy sand soil (0-

2% slope) to evaluate cotton response to furrow diking in conventional tillage systems. Plot 

size was four rows by 48 m in length. Cotton cultivar DP141B2RF (Deltapine®, Monsanto, 

St. Louis, MO) was planted in Rocky Mount at 14 seeds row-m
-1

 on 91cm rows. Cotton 

cultivars DP0920B2RF (Deltapine®, Monsanto, St. Louis, MO) and DP0935B2RF 

(Deltapine®, Monsanto, St. Louis, MO) were planted in Lewiston-Woodville at 14 seeds 

row-m
-1

 on 91cm rows in 2009 and 2010, respectively. Furrow diking treatment was applied 

to conventional tillage within 10 days of planting. All other production practices except 

tillage prior to planting and furrow diking were held constant over the experiment and were 

conducted in accordance with North Carolina Cooperative Extension Service 

recommendations for the region. The center two rows of plots were machine-harvested with a 

spindle picker modified for small-plot harvesting.  
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The experimental design was a randomized, complete block with two, three, and four 

replications in peanut, corn, and cotton, respectively. Within each replication, four or six, 12 

or 15-m sections were harvested, and the average yield of the sections considered the 

experimental unit. Peanut yield data was subjected to ANOVA using the general linear model 

in SAS with partitioning for the two (experiment) by two (furrow diking) treatment structure. 

Corn yield data was subjected to ANOVA using the general linear model in SAS with 

partitioning for the 3 (experiment) by 2 (furrow diking) treatment structure. Cotton yield data 

was subjected to ANOVA using the general linear model in SAS with partitioning for the 5 

(experiment) by two (furrow diking) treatment structure. Means of significant main effect 

and interactions were separated by Fisher’s Protected LSD test at p < 0.05. The percent lint 

yield increase associated with furrow diking treatment data was subjected ANOVA and 

multiple linear regression using the general linear model in SAS to determine what part of 

that yield difference could be explained by rainfall (June through September), field slope, or 

test location. 

 

RESULTS AND DISCUSSION 

 

Cotton and Peanut Response in Conventional and Reduced Tillage Systems 

Cotton yield was affected by tillage system but not furrow diking treatment (p = 

0.0792, Table 4.1). Lint yield was 150 kg ha
-1

 higher in strip tillage compared with 

conventional tillage (Table 4.2). Lint yield, pooled over years, was 970 kg ha
-1

 for furrow 

diking treatment and 940 kg ha
-1

 for no-furrow diking treatment (p = 0.7314, not shown in 
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table). Previous research indicates that cotton response to conservation tillage is highly 

variable and heavily influenced by soil characteristics and seasonal precipitation. Bauer et al. 

(2010) reported a 25% increase in lint yield in conservation tilled (no-till) cotton compared to 

conventional tilled cotton in South Carolina over a five year period that coincided with 

drought. However, they did not find a tillage effect when drought conditions did not persist.  

Pettigrew et al. (2009) reported a yield loss in two of four years due to conservation tillage 

compared to conventional tillage in Mississippi. Buman (2005) noted no significant yield 

effect due to tillage system in a five year study over twelve sites across the cotton belt. 

Likewise, Clewis et al. (2004) found no tillage effect on cotton yield in North Carolina over 

four locations and two years. In addition, Jordan et al. (2008) recorded no difference in 

cotton yield in North Carolina when comparing strip tillage to conventional tillage in eight of 

ten sites over six years.  

Peanut pod yield was affected by the interaction of year and tillage but not by furrow 

diking (p = 0.0153, Table 4.1). Peanut yield with furrow diking treatment was 3,900 kg ha
-1

 

compared to 4,030 kg ha
-1

 without furrow diking treatment (p = 0.7314, data not shown in 

tables), when pooled over years and tillage. Despite showing no response to furrow diking, 

peanut yield varied when comparing tillage systems over the two years (Table 4.2). These 

results are similar to previous research involving tillage and peanut production in the 

Southeastern Coastal Plain. Faircloth et al. (2005) reported negative, no, and positive 

responses to strip tillage over a three-year study when compared to conventional tillage. 
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Jordan et al. (2008) noted that peanut yield was not affected by tillage system in six of eight 

experiments conducted in Rocky Mount and Lewiston-Woodville over a seven-year period.  

 

Corn, Cotton, and Peanut Response in Conventional Tillage 

Peanut pod yield was not affected by furrow diking (Table 4.1); peanut yield without 

furrow diking was 3,780 kg ha
-1

 compared to with furrow diking at 3,690 kg ha
-1

 (p = 0.7654, 

data not shown in table). These results are consistent with the tillage and furrow diking 

experiment in previous paragraphs, and consistent with recent work in Georgia where 

Sorensen et al. (2010) also reported no effect on peanut yield in response to furrow diking 

with and without irrigation.  

 Corn yield during 2008 and 2009 was not affected by furrow diking treatment (Table 

4.4). Grain yield, pooled over years, without furrow diking treatment was 5,700 kg ha
-1

 and 

with furrow diking treatment was 5,870 kg ha
-1

 (p = 0.5043, data not shown in table). Lack of 

a yield response to furrow diking is consistent with most furrow diking research involving 

corn. Sorensen et al. (2010) reported no yield response to furrow diking on sloped, fine sandy 

loam fields in Georgia over three years regardless of irrigation level. However, Howell et al. 

(2002) reported a yield increase due to furrow diking one of two years on an irrigated clay 

loam soil in Texas. McFarland et al. (1991) reported a yield reduction one in two years when 

furrow diking was applied to a silt loam clay intergrade soil in Texas. Previous research 

indicates that furrow diking effects in corn are not consistent across location and years; 

however, we expect North Carolina furrow diking experiences to be most comparable to 

those reported by Sorensen et al. (2010) because of common soil and climate characteristics.  
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Lint yield was affected by furrow diking application in cotton during 2009 and 2010 

when pooled over five experiments (Table 4.5). Lint yield with furrow diking treatment was 

1,090 kg ha
-1

compared to 1,020 kg ha
-1

 without furrow diking treatment (p = 0.0087, data not 

shown in table). June through September rainfall (Table 4.6) was the only predictor variable 

that partially explained the cotton yield increase caused by furrow diking treatment (p = 

0.0071, data not shown in table). Rainfall was correlated to percent increase in seed cotton 

yield due to furrow diking (R
2
 = 0.355, data not shown in table).  

 

SUMMARY 

 

Use of the furrow diker in North Carolina in conventionally tilled peanut and corn 

may not be economically justified based on the lack of observed yield response in this 

experiment. However, growers might consider furrow diker utilization in cotton on sandy 

loam soils in North Carolina since the cost of furrow diking is relatively low ($19 ha
-1

, based 

on comparable cultivator budget) (Bullen and Edmisten, 2012).  The observed frequency at 

which cotton with furrow diking performed better than cotton without furrow diking was two 

years in four in this experiment. A great deal of variability in this frequency is to be expected 

since it is influenced by June through September precipitation. These results may be overly 

optimistic based on research elsewhere. Long term use (greater than six years) may be 

necessary to estimate a frequency at which furrow diking provides a yield improvement. Any 

yield increase associated with furrow diking use may be below the detectable natural 

variations within fields; therefore, quantifying economic impact of the furrow diker may be 
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impossible. Growers may consider using a furrow diker on a limited scale at first, since the 

investment in equipment is relatively small.  
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Table 4.1. Analysis of variance for cotton and peanut yield as influenced by year, tillage, and furrow 

diking at Rocky Mount during 2007 and 2008. 

  Cotton  Peanut 

Treatment factor  F-value P > F  F-value P > F 

Year  55.9 0.0174  8.8 0.0251 

Tillage  4.5 0.0792  0.2 0.6975 

Furrow Diking  0.1 0.7517  0.1 0.7314 

Tillage*Furrow Diking  3.6 0.1062  0.8 0.4177 

Year*Tillage  1.4 0.2849  11.3 0.0153 

Year*Furrow Diking  0.3 0.6351  0.3 0.5928 

Year*Tillage*Furrow Diking  2.4 0.1747  2.7 0.1524 

Coefficient of variation (%)  
____________

  15.9  
_____________

  
____________

  17.8  
____________
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Table 4.2. Cotton lint and peanut pod yield at Rocky Mount, NC as influenced by tillage system. 

Tillage treatment Cotton
a
 

Peanut
b
 

2007 2008 

 
_________________________________

  kg ha
-1  ________________________________

 

Conventional tillage 880 b 2920 b 5160 a 

Strip tillage 1030 a 3960 a 3830 b 

a
Significant at p = 0.0792. Data are pooled over years and furrow diking treatments. 

b
Means within a year followed by the same letter are not significantly different at p = 0.0153. 
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Table 4.3. Analysis of variance for peanut yield as influenced by year and furrow 

diking at Lewiston-Woodville during 2007 and 2008, in a conventional tillage 

system. 

  Peanut 

Treatment factor F-value P > F 

Year 3.8 0.1912 

Diking 0.1 0.7654 

Year*Diking 2.2 0.2760 

Coefficient of variation (%) 9.8 
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Table 4.4. Analysis of variance for corn yield as influenced by furrow diking 

in two separate fields at Lewiston-Woodville and one field at Rocky Mount 

during 2008 and 2009, in a conventional tillage system. 

  Corn 

Treatment factor F-value P > F 

Year 14.6 0.0022 

Diking 0.5 0.5043 

Year*Diking 1 0.4183 

Coefficient of variation (%) 9.9 
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Table 4.5. Analysis of variance for cotton yield as influenced by furrow diking in three fields in Rocky Mount and 

two fields in Lewiston-Woodville during 2009 and 2010, in a conventional tillage system. 

    Cotton 

Treatment factor  F-value P > F 

Experiment  163 < 0.0001 

Furrow Diking  9.3 0.0087 

Experiment*Furrow Diking  2.5 0.0875 

Coefficient of variation (%)  
_____________________ 

 5.9  
______________________
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Table 4.6. June through September rainfall at Rocky Mount and Lewiston-Woodville during 2007 through 

2010. 

  Year 
30 year 

average
a
 Location 2007 2008 2009 2010 

 

__________________________________________
  cm 

 __________________________________________
 

Lewiston-Woodville 29 35 41 24
*
 49 

      
Rocky Mount 24 33 13 40 47 
*
Excludes 34 cm rainfall during the last week of September.  

a
Thirty year mean, June through September, 1971 to 2000. 
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CHAPTER 5 

 

 

MEPIQUAT CHLORIDE EFFECTS ON CROP REFLECTANCE 

SENSOR-BASED NITROGEN RECOMMENDATIONS  

  



130 

 

 

 

 

ABSTRACT 

 Crop reflectance sensors have been used to assess nitrogen (N) status in many crops. 

The SPAD (SPAD-502, Konica Minolta, Tokyo, Japan) chlorophyll meter and the 

GreenSeeker® (Model 505, NTech Industries Inc., Ukiah, CA) sensor have been extensively 

studied to determine their ability to detect crop N status and predict crop N requirement. 

Mepiquat chloride is routinely used in cotton to manage vegetative growth. Pigment 

concentration often increases following application of mepiquat chloride and could confound 

results from GreenSeeker use to adjust N application. A field experiment was conducted in 

Georgia and North Carolina to determine the effect of mepiquat chloride on SPAD meter and 

GreenSeeker® sensor readings. Treatments consisted of a factorial arrangement of multiple 

N and mepiquat chloride rates. Nitrogen was applied at the initial appearance of squares 

followed by a mepiquat chloride application 14 to 21 days later. SPAD meter and 

GreenSeeker® sensor readings were taken for ten consecutive weeks beginning immediately 

before N application. The SPAD meter proved to be sensitive to mepiquat chloride and N, 

but was not correlated with lint yield. The GreenSeeker® sensor was sensitive to N, but not 

sensitive to mepiquat chloride. Furthermore, normalized difference vegetative index (NDVI) 

and lint yield responded similarly to N, suggesting that the GreenSeeker® may be a useful 

tool in assessing plant N status and predicting crop N requirement. 
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INTRODUCTION 

 Crop canopy reflectance sensors can be used to monitor growth and development of 

crops. Crop reflectance sensors have been developed over the past twenty years that are 

active (integrated light sources), portable, and relatively inexpensive. These sensors provide 

canopy spectral data instantly to assess physiological or morphological characteristic of 

crops, such as chlorophyll content or plant height, at the ground level (Samborski et al., 

2009). Crop reflectance sensors emit light in specific wavelengths that are absorbed, 

transmitted, or reflected depending on the photo-sensitivity of the biological compounds 

under investigation. The reflected portion of the emitted light is measured and is dependent 

on the concentration of the photo-sensitive compounds. Red (600-700 nm) and near infrared 

(750-900 nm) wave bands are commonly used because they are associated with high 

absorptivity of specific plant photoreceptive pigments (e.g., chlorophyll and carotenoids) and 

high reflectivity of leaf surfaces, respectively (Knipling, 1970). Reflectance in the red wave 

band is negatively correlated to green leaf area; however reflectance in the near infrared 

wave band is positively correlated with leaf area (Knipling, 1970).  

The SPAD (SPAD-502, Konica Minolta, Tokyo, Japan) chlorophyll meter and the 

GreenSeeker® (Model 505, NTech Industries Inc., Ukiah, CA) are commonly used sensors 

that emit red and near infrared light and sense the transmitted or reflected portion of the 

source light to calculate a vegetative index. The SPAD meter is a hand-held instrument that 

clamps on a leaf and measures the transmission of light through a leaf in the 650 nm and 940 

nm wavelengths to calculate a vegetative index called SPAD units (Kim et al., 2012). These 
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units provide an indication of relative chlorophyll density in the sampled leaf and have been 

highly correlated to leaf nitrogen status in corn (Zea Mays L.), cotton (Gossypium hirsutum 

L.), rice (Oryza sativa L.), and sweet corn (Zea mays L.) (LiHong et al., 2004; Ma et al., 

2007; Samborski et al., 2009; Solari et al., 2010; Wood et al., 1992). The GreenSeeker® 

sensor may be hand-held or attached to agricultural equipment, and it contains a light source 

that emits red light at 660 nm and near infrared light at 770 nm and measures the reflected 

portion. The reflected light is used to calculate another vegetative index called the 

normalized difference vegetative index (NDVI). It is calculated as: 

                        (1) 

where NIR and R are the spectral reflectance of the emitted near infrared and red wavebands, 

respectively (Kim et al., 2012). Normalized difference vegetative index has been correlated 

to many plant growth and development parameters. Normalized difference vegetative index 

has also been used to monitor leaf nitrogen status in rice, monitor sugarcane (Saccharum 

officinarum L.) growth to optimize nitrogen applications, predict wheat (Triticum aestivum 

L.) biomass and grain yield , predict wheat N concentration, estimate canola (Brassica napus 

L.) yield potential, and estimate corn yield potential (Holzapfel et al., 2009; LiHong et al., 

2004; Osborne, 2007; Singh et al., 2006; Solari et al., 2010). In addition, normalized 

difference vegetative index has been used to estimate crop maturity, measure leaf area, 

measure biomass, measure plant height, measure height to node ratio, estimate nodes above 

cracked boll, estimate nodes above white flower, detect water stress, estimate plant nitrogen 
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status, and predict lint yield of cotton (Gutierrez et al., 2012; Gwathmey et al., 2010; Plant et 

al., 2001; Stamatiadis et al., 2010).  

Perhaps the most important role of these portable ground based sensors is to provide 

real time assessment of leaf nitrogen (N) status. Leaf N estimates, when referenced against 

well-fertilized strips, can be used to predict actual crop N need, calculate a N rate, and adjust 

N application rates in field. Growers can apply optimal levels of N down to the individual 

plant when combining these sensors with other precision agriculture equipment, such as 

global positioning systems (GPS) and variable rate technology (VRT). Notably, Kim et al. 

(2012) reported that GreenSeeker® sensor NDVI readings may not be reliable when leaf 

coverage is less than 30%, indicating that timing of the use of the sensors is critical to their 

performance. Gutierrez et al. (2012) found that the best time to use remote optical sensors in 

cotton is during bloom because the correlation between estimated lint yield and NDVI is the 

highest. Khalilian et al. (2008) demonstrated that precise applications of N in cotton during 

bloom can maximize crop yield while reducing N use, and improve nitrogen use efficiency 

(NUE).   

 Mepiquat chloride (MC) is commonly used in the southeastern United States to 

control plant height by reducing cell elongation in cotton (Edmisten, 2012; Ramachandra 

Reddy et al., 1996). Mepiquat chloride has been shown to increase leaf chlorophyll 

concentration, decrease ribulose bisphosphate carboxylase/oxygenase (RuBP) activity, 

reduce leaf area, and reduce net photosynthetic rates for as much as twenty days after 

application (Pettigrew, 2010; Ramachandra Reddy et al., 1996). Field experiments also 



134 

 

 

 

 

indicate that MC treated plants are consistently shorter and lint yields are inconsistently 

affected (Pettigrew, 2010; Wilson et al., 2007; York, 1983a; York, 1983b). Mepiquat 

chloride may be applied as early as pre-bloom; therefore, mid-bloom applications of N 

relying on sensor based N rates may be unjustifiably altered by MC. The SPAD chlorophyll 

meter and the GreenSeeker® sensor may respond to a MC application due to increased 

chlorophyll concentration (green pigmentation) and reduced leaf surface area. Mepiquat 

chloride is most likely to reduce the R and NIR values in equation (1), but the ensuing effect 

on NDVI is unknown. Mepiquat chloride may confound the GreenSeeker® sensor by 

causing a shift in NDVI without causing an actual change in plant N status. 

 Potential confounding of NDVI by MC has not been documented; therefore research 

was conducted in Georgia and North Carolina to determine the effect of MC on the SPAD 

meter and GreenSeeker® sensor vegetative indices. Different levels of N and MC were tested 

to: 1) evaluate the response of SPAD meter and GreenSeeker® sensor over time in response 

to N; 2) evaluate the SPAD meter and GreenSeeker® sensor as a suitable tools for estimating 

cotton N status; 3) determine MC effects on SPAD meter or GreenSeeker® sensor data, and 

4) recommend Nrate calculator adjustments when MC is applied if necessary. 

 

MATERIALS AND METHODS 

 

 An experiment was conducted in Georgia during 2010 on a Tifton loamy sand soil 

(fine-loamy, kaolinitic, thermic, Plinthic Kandiudults) near Tifton, and in North Carolina 

during 2010 and 2011 on a Whickham loamy sand soil (fine-loamy, mixed, thermic, Typic 
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Hapludults) near Goldsboro, and a Norfolk loamy sand soil (fine-loamy, siliceous, thermic, 

Typic Paleadults) near Clayton, respectively. Plot size was 12.2 m long and 3.7 m wide, 

containing four rows of cotton spaced at 0.91 m apart. Strip tillage was applied within seven 

days of planting and consisted of 33 to 40 cm wide tillage zones prepared using a KMC strip 

tillage implement (Kelley Manufacturing Co., Tifton, GA), with in-row subsoiler followed 

by two sets of coulters and two rolling baskets to smooth the tillage zone. Cotton cultivars 

DP0949 BGRF (Monsanto, St. Louis, MO), PHY 375 WRF (Dow Agrosciences, 

Indianapolis, IN), and PHY 375 WRF (Dow Agrosciences, Indianapolis, IN) were planted on 

19 May 2010, 6 May 2010, and 11 May 2011 in Tifton, Goldsboro, and Clayton, 

respectively. Cotton was planted at 13 seeds per meter.  

 Broadcast N applications of urea-NH4NO3 liquid N (UAN) were applied at 0, 45, and 

90 kg N ha
-1

 when squares were first visible on cotton plants at about eight to nine true 

leaves. Nitrogen applications were made on 16 June 2010, 23 June 2010, and 22 June 2011 in 

Tifton, Goldsboro, and Clayton, respectively. The plant growth regulator (PGR) mepiquat 

chloride (Mepiquat Chloride 4.2% Liquid, Makhteshim Agan of North America Inc., 

Raleigh, NC) was applied at 0, 0.5, and 0.10 kg a.i. ha
-1

 using a CO2 pressurized backpack 

sprayer with XR8002 nozzles (Teejet Co, Wheaton, IL). Mepiquat chloride was applied 14 

days after the N application in North Carolina and 21 days after N application in Georgia, 6 

July at all sites. All other production practices except nitrogen fertilization and MC 

application were held constant over the experiment and were conducted in accordance with 

Cooperative Extension Service recommendations for the region.  
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Cotton plant stands were counted from two, 3 m sections of the middle two rows 

within three weeks of planting. A hand held SPAD (SPAD-502, Konica Minolta, Tokyo, 

Japan) chlorophyll meter was used to determine relative chlorophyll content of the uppermost 

fully expanded leaf. One leaf from 10 randomly selected plants was sampled from within the 

center two rows of each plot and averaged to obtain a plot SPAD value. Sampling was 

conducted for 10 consecutive weeks beginning immediately prior to N application. NDVI 

values for each plot were obtained using a GreenSeeker® (Model 505, NTech Industries Inc., 

Ukiah, CA) sensor connected to a hand held computer (Nomad®, Trimble, Sunnyvale, CA) 

by scanning the center two rows. The GreenSeeker® sensor and Nomad® computer were 

mounted on a pole and carried at 4.8 km h
-1

 over the row. The GreenSeeker® sensor height 

above the crop canopy was maintained at 76 cm above the center of the row. The computer 

sampling rate was set at 10 samples sec
-1

. An average NDVI value was calculated by the 

Nomad® computer. No SPAD readings or GreenSeeker® sensor scans were taken within one 

meter of the end of rows. GreenSeeker® scans were taken at the same time as SPAD 

readings. The center two rows of each plot were machine harvested with a two-row spindle 

picker modified for small-plot research. A one kilogram sample of seed cotton was collected 

from each plot during harvest to determine lint percentage using a sawmill gin. 

The experimental design was a randomized complete block design (RCBD) 

consisting of a factorial arrangement of 3 (N rates) by 3 (MC rates). Treatments were 

replicated four times. Data for SPAD and NDVI readings at 7 and 14 days after N application 

(no MC applied at this time) were subjected to analysis of variance (ANOVA) using the 
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general linear model in SAS (Version 9.2, SAS Institute, Cary NC) for a 3 (sites) by 3 (N 

rates) treatment structure. Data for SPAD and NDVI readings at one, two , and three weeks 

following MC application were subjected to ANOVA using the general linear model in SAS 

for a 3 (sites) by 3 (weeks) by 3 (N rates) by 3 (MC rates) treatment structure. Data for lint 

yield were subjected to ANOVA using the general linear model in SAS for a 3 (sites) by 3 (N 

rates) by 3 (MC rates) treatment structure. Means of significant main effects and interactions 

were performed using Fisher’s Protected LSD at p < 0.05.  

 

RESULTS AND DISCUSSION 

 

 A difference in SPAD meter and GreenSeeker® values relative to N rates did not 

occur until 14 days after N was applied (Table 5.1). This delay was most likely caused by the 

time required for cotton to absorb soil N and result in a physiological response. 

 Normalized difference vegetative index was affected by N, the interaction of site and 

N, and by evaluation period (weeks); but NDVI was not affected by MC (Table 5.2). 

Normalized difference vegetative index was lowest when no N was added across all sites 

indicating that cotton plants were less green and/or smaller as expected. However, NDVI did 

not respond to all N rates consistently across sites. NDVI values were not different when 

comparing sensor response at the 45 and 90 kg N ha
-1

 rates in Tifton and Goldsboro sites, 

although differences were noted at the Clayton site (Table 5.3). Although NDVI was affected 

by week, there was no interaction of week with the other treatment factors. Variability of 

NDVI across weeks is expected, since plant biomass and pigment concentration change over 
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time (Gwathmey et al., 2010). These results suggest that NDVI is sensitive to cotton response 

to N but not MC application, and mid-bloom is a suitable time to scan cotton with the 

GreenSeeker®. The lack of an interaction between week and N or week and MC indicates 

that NDVI responded consistently over the three consecutive weeks scanned during bloom. 

 SPAD meter data were affected by N, MC, the interaction of site by N, the interaction 

of site by MC, week, the interaction of site by week, the interaction of week by MC, and the 

interaction of site by week by MC (Table 5.2). SPAD meter readings followed N rates in 

Tifton and Goldsboro, but not in Clayton (Table 5.4). The SPAD meter registered a higher 

SPAD value at each increase in N except in Clayton where SPAD values were the same at 45 

and 90 kg N ha
-1

. SPAD meter readings were also sensitive to MC, but responses were 

inconsistent across sites and weeks (Table 5.5). Lower SPAD values were noted in most sites 

and weeks when no MC was applied. SPAD values at 0.05 and 0.10 kg a.i. ha
-1

 were the 

same in all sites and weeks except in Goldsboro at two weeks after MC application. These 

results indicate that the SPAD meter is sensitive to cotton response to N and MC applications 

during early to mid-bloom. However, SPAD meter response to MC is expected, since MC 

can increase chlorophyll concentration in leaves (Ramachandra Reddy et al., 1996).  

 Cotton yield was affected by N and the interaction of site and N but not by MC 

(Table 5.6). Lint yield response to N was variable at each site (Table 5.7). The 45 kg N ha
-1

 

rate produced at least the same amount of lint as the 90 kg N ha
-1

 rate. A review of Table 5.7 

and Table 5.3 reveals similar trends in lint yield and NDVI values as influenced by N rate 

and site. The highest NDVI values corresponded to the highest lint yields at all three sites 
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regardless of the N rate, suggesting that the GreenSeeker® may be useful in assessing plant 

N status and predicting N need to produce optimal lint yield.  

 

SUMMARY 

 

The SPAD meter appears to be sensitive to mepiquat chloride (MC), which may limit 

use in cotton as an indicator of leaf N status.  The SPAD meter also gave little indication that 

it would be a useful tool to predict plant N requirement. The GreenSeeker® was the more 

robust sensor since it was insensitive to MC and the study confirmed that NDVI has some 

potential to assess N status and predict plant N requirement. More research is recommended 

to determine if the GreenSeeker® sensor can be used before bloom and across more soil 

types. Earlier N and MC applications plus additional N rates should be tested to obtain a 

more comprehensive data set to better understand the NDVI to plant N status relationship.  
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Table 5.1. Analysis of Variance (ANOVA) for normalized difference vegetative index (NDVI) and SPAD readings 

seven and fourteen days after nitrogen application as influenced by nitrogen, data pooled over site. 

 Days after N application 

  7   14 

 

NDVI 

 

SPAD 

 

NDVI 

 

SPAD 

Treatment factor F-Value P > F   F-Value P > F 

 

F-Value P > F   F-Value P > F 

Site 141.4 < 0.0001 
 

277.9 < 0.0001 
 

195.7 < 0.0001 
 

184.0 < 0.0001 

Nitrogen (N) 1.4 0.2434 
 

0.4 0.6706 
 

7.6 0.0011 
 

26.0 < 0.0001 

Site x nitrogen  1.4 0.2356 
 

1.1 0.3609 
 

1.0 0.4078 
 

2.9 0.0245 

Coefficient of 

variation (%) 
________ 

6.2  
________

  ________ 
 3.5  

________
  ________ 

 3.8  
________

  ________ 
 3.2  

________
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Table 5.2. Analysis of Variance for normalized difference vegetative index (NDVI) and SPAD readings as 

influenced by site, nitrogen, MC, and evaluation period (week). 

  NDVI   SPAD 

Treatment factor F-Value P > F   F-Value P > F 

Site 95.8 < 0.0001 
 

388.8 < 0.0001 

Nitrogen (N) 33.4 < 0.0001 
 

73.8 < 0.0001 

Mepiquat chloride (MC) 0.7 0.5096 
 

36.7 < 0.0001 

Nitrogen x MC 1.7 0.1445 
 

1.1 0.3306 

Site x nitrogen  5.8 0.0007 
 

5.3 0.0010 

Site x MC 1.6 0.1921 
 

13.1 < 0.0001 

Site x nitrogen x MC 1.8 0.0902 
 

0.4 0.9126 

Evaluation period (Week) 52.2 < 0.0001 
 

32.5 < 0.0001 

Site x Week 2.5 0.0922 
 

44.7 < 0.0001 

Week x N 0.7 0.4990 
 

0.3 0.7592 

Week x MC 1.4 0.2650 
 

18.9 < 0.0001 

Week x nitrogen x MC 0.6 0.6564 
 

1.2 0.3033 

Site x Week x N 0.8 0.5267 
 

1.9 0.1135 

Site x Week x MC 0.5 0.7631 
 

24.5 < 0.0001 

Site x Week x nitrogen x MC 0.1 0.9996 
 

1.2 0.2992 

Coefficient of variation (%) 
_____________

4.4
________________

   
______________

3.0
_______________
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Table 5.3. Normalized Difference Vegetative Index (NDVI) as influenced by nitrogen rate and site.
a
 

  Normalized Difference Vegetative Index (NDVI) 

Nitrogen rate Tifton, 2010 Goldsboro, 2010 Clayton, 2011 

kg ha
-1

 

 
0  0.861 b 0.772 b 0.621 c 

    
45 0.884 a 0.805 a 0.718 a 

    
90  0.884 a 0.811 a 0.699 b 
a
Means within a site followed by the same letter are not different according to Fishers Protected LSD at p < 0.05. Data pooled 

over weeks (1, 2, and 3weeks after mepiquat chloride application). 
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Table 5.4. SPAD reading as influenced by nitrogen rate and site.
a
 

 

SPAD 

Nitrogen rate Tifton, 2010 Goldsboro, 2010 Clayton, 2011 

kg ha
-1

 

 
0 41.9 c 38.7 c 44.2 b 

    
45 45.3 b 41.9 b 46.5 a 

    
90 47.5 a 43.1 a 47.4 a 

a
Means within a site followed by the same letter are not different according to Fishers Protected LSD at p < 0.05. Data 

pooled over weeks (1, 2, and 3weeks after mepiquat chloride application). 



146 

 

 

 

 

Table 5.5. SPAD readings as influenced by mepiquat chloride (MC) rate, week, and site.
a
 

 

Weeks after mepiquat chloride application 

Mepiquat 

Chloride rate 1  

2 

 

3 

 

Tifton Goldsboro Clayton 

 

Tifton Goldsboro Clayton 

kg a.i. ha
-1

 
_____________________________________________ 

 SPAD units  
_____________________________________________

 

0 

 

41.5 b 
  

46.3 a 33.0 c 45.5 b 
 

43.7 b 39.8 b 45.1 b 

  
          

0.05 

 

43.0 a 
  

46.9 a 41.4 b 46.5 ab 
 

45.4 a 47.4 a 46.0 ab 

  
          

0.10 

 

42.8 a 
  

47.0 a 42.8 a 47.6 a 
 

44.1 ab 47.6 a 47.0 a 
a
Means within a site followed by the same letter are not different according to Fishers Protected LSD at p < 0.05. Data 

pooled over nitrogen rates and data pooled over sites at one week after mepiquat chloride application only. 
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Table 5.6. Analysis of Variance of cotton yield as influenced by nitrogen, mepiquat 

chloride (MC), and site. 

  Cotton yield 

Treatment factor F-Value P > F 

Site 9.9 0.0089 

Nitrogen (N) 19.8 < 0.0001 

Mepiquat chloride (MC) 2.5 0.0905 

Nitrogen x MC 0.9 0.4751 

Site x nitrogen  2.9 0.0293 

Site x MC 2.4 0.0623 

Site x nitrogen x MC 0.4 0.8998 

Coefficient of variation (%) 
___________________ 

10.3  
____________________
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Table 5.7. Cotton Yield as influenced by nitrogen rate and site.
a
 

  Cotton yield 

Nitrogen rate Tifton, 2010 Goldsboro, 2010 Clayton, 2011 

kg ha
-1

 
________________________

 kg lint ha
-1_______________________

 

0  1,060 b 520 b 1,070 c 

    45 

 1,240 a 580 ab 1,320 a 

    90  

 1,230 a 590 a 1,210 b 
a
Means within a site followed by the same letter are not different according to Fishers Protected LSD at 

p < 0.05.  

 

 

 

 


