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CHAPTER I 

INTRODUCTION 

Agricultural management practices, such as herbicide application, can 

affect the root system of young cotton plants. It has been observed for several 

years that trifluralin causes more damage to lateral root development than does 

pendimethalin. However, this effect is not always apparent in final yield 

analyses. The presence of a normal, healthy complement of lateral roots on a 

young cotton plant has the potential to be beneficial to early season plant growth 

and development, which could impact final productivity in many environments. In 

semi-arid environments, where the evaporative demand is fairly high, the more 

root surface area the seedling has the greater its water absorbing capacity and 

the less its chance for growth reducing water stress to occur. Furthermore, 

immobile nutrients such as phosphorus, zinc, and iron are usually concentrated 

in the surface layer of the soil profile. Lateral root development in this zone 

could be critical to the acquisition of sufficient quantities of these nutrients to 

support maximum growth. 

The cotton Industry's pursuit for a preplant, soil-incorporated, herbicide 

that ensures good weed control without affecting yield has led to debate between 

the effects of two dinitroaniline herbicides, trifluralin and pendimethalin. 

Although both dinitroaniline herbicides are effective weed control agents and 

potentially increase yield, they have different effects on lateral roots of cotton. 

These differences in lateral root pruning may adversely affect cotton seedling 



growth and development. Pruning of the lateral roots may lead to stunting of 

seedling height, reduced node number, reduced nutrient uptake, and reduced 

yield. 

Most of the research data available on direct comparisons between 

trifluralin and pendimethalin's effects on lateral root development has resulted 

from greenhouse studies. As a consequence, the data have limited applications 

to field situations because of the optimum growing conditions in a greenhouse 

setting. Due to variable climatic conditions on the Texas High Plains it is difficult 

to predict the herbicides' effect on lateral root growth and the subsequent affect 

on cotton growth and development under field conditions. This information can 

be obtained, however, by conducting comparative field studies with trifluralin and 

pendimethalin. 

Obiective 

The goal of this research was to compare the effects of pendimethalin and 

trifluralin on early season growth and development of cotton seedlings in both 

field and greenhouse conditions. 

The specific obiectives for this studv were: 

1. To determine if differences existed between herbicide type and rate on lateral 

root development of cotton seedlings. 

2. To determine if interference in lateral root development resulted in abnormal 



growth and development of the cotton seedlings. 

3. If abnormal growth or development did exist, to determine the most probable 

cause of the impairment. 



CHAPTER II 

LITERATURE REVIEW 

Herbicides are an essential part of agricultural production. With the aid of 

chemical weed control, cotton production in many agrarian communities is 

economically feasible. Dinitroanilines are some of the most heavily used 

selective herbicides in cotton (Ware, 1989). The two dinitroaniline herbicides 

used widely in cotton production are trifluralin, [2,6-dinitro-N,N-dipropyl-4-

(trifluoromethyl)benzenamine], and pendimethalin, [N-(1-ethylpropyl)-3,4-

dimethyl-2,6-dinitrobenzenamine]. 

Trifluralin and pendimethalin are preplant, soil-incorporated, dinitroaniline 

herbicides. These herbicides are commonly used to control broadleaf weeds and 

grasses in cotton fields. In 1994, trifluralin accounted for 70% of the preplant 

herbicide usage on cotton in Texas; pendimethalin accounted for 20% (Byrd, 

1995). 

Dinitroaniline herbicides inhibit lateral root development (Parka and 

Soper, 1977). The most consistently reported effect of dinitroanilines on cotton 

is lateral root pruning in the treated layer of soil. Subsequent changes in the 

plant's lateral root depth, height, node number, nutrient accumulation, and yield 

may also occur. 

From a physiological perspective, production of lateral root tips is directly 

related to the production of hormones, such as cytokinins, which determine rates 



of cell division and differentiation in the shoot meristems (Marschner, 1988). 

Therefore, number of root tips could alter the rate of mainstem node production 

and associated leaf number and size. Furthermore, these conditions could affect 

the rate of development and even the survival of young cotton plants, which 

could affect yield potential. Since cotton has tremendous compensatory ability 

due to its indeterminate growth habit, it is often difficult to ascertain the real value 

of early season modifications in growth and development when only measuring 

final yield of the crop. 

Properties of dinitroaniline herbicides 

Dinitroaniline herbicides such as, trifluralin and pendimethalin, are 

grouped into the root inhibitor family (Ware, 1989). Dinitroaniline herbicides are 

mitotic poisons and control plants by disrupting growth processes during 

germination, inhibiting root lengthening, and causing swelling of roots (Bayer et 

al., 1967; Lignowski and Scott, 1972; Olson et al., 1984; Schultz et al., 1968). 

Dinitroaniline herbicides prevent tubilin from polymerizimg into microtubules 

(Hess, 1979; Jackson and Stetler, 1973). Dinitroaniline symptoms appear when 

this polymerization does not take place (Appleby and Valverde, 1989). 

Trifluralin and pendimethalin are selective herbicides for the 

preemergence control of most annual grasses and certain broadleaf weeds. 

Trifluralin has a low water solubility (0.3 mg/L) and high vapor pressure (199 x 

10"̂  mg Hg) and pendimethalin has a low water solubility (< 0.5 mg/L) and a 



moderate vapor pressure (30 x 10"̂ mg Hg) (Kearney and Kaufaman, 1975). To 

reduce loss of herbicidal activity, trifluralin should be soil incorporated within 24 

hours after application, whereas, incorporation of pendimethalin can be delayed 

as much as 7 days after application. 

Herbicide effects on lateral root development 

While considerable information about trifluralin's effects on a plant's root 

system is available, less information exists for pendimethalin. Trifluralin is 

reported to cause more injury to the root systems of many plant species than 

does pendimethalin or other dinitroaniline herbicides (Anderson et al., 1968; 

Barrentine and Warren, 1971; Barrentine and Warren, 1971; Hamilton and Arle, 

1976; Harvey, 1973; Menges and Hubbard, 1970; Miller etal., 1975; Murryetal., 

1973; Murryetal., 1979; Pavlista, 1980; Savage, 1973). 

Direct comparisons between trifluralin and pendimethalin on lateral root 

injury to cotton are limited. Differences in lateral root damage have been 

observed with various application rates of trifluralin and pendimethalin (Jordan et 

al., 1978; Pavlista, 1980). Additionally, application rate has been reported to be 

the only factor influencing trifluralin phytotoxicity (Hacskaylo and Amato, 1968; 

Hilton and Christiansen, 1972; Kappelman et al., 1971; Menges and Hubbard, 

1970; Murry et al., 1979). Other studies, which included different depth of 

incorporation, concluded that depth of incorporation of trifluralin was more 

important to lateral root inhibition than was application rate (Anderson et al.. 



1967; Oliver and Frans, 1968). Furthermore, some studies have indicated that 

soil type may be an important constraint on the degree of lateral root injury 

(Menges and Hubbard, 1970; Savage, 1973). 

Trifluralin was associated with reduction in lateral root number and 

inhibition of lateral root growth (Jordan et al., 1978; Pavlista, 1980). In contrast, 

pendimethalin did not significantly reduce lateral root number, and lateral root 

grov\/th was not significantly inhibited. In addition, other researchers found that 

trifluralin caused less lateral root development compared to a control (Hacskaylo 

and Amato, 1968; Hilton and Christiansen, 1972; Kappelman et al., 1971; Murry 

et al., 1979;). Anderson et al. (1967) and Thompson and Hardcastle (1965) 

reported that the growth of lateral roots was completely prevented by trifluralin in 

the zone of incorporation. 

Furthermore, incorporation depth of trifluralin was more important than 

rate to the degree of lateral root injury (Anderson et al., 1967; Oliver and Frans, 

1968). The degree of lateral root pruning was more severe with the deeper 

incorporation depths. Savage and Barrentine (1969) reported that trifluralin 

remained in the soil longer when incorporated at depths of 7.6 to 10 cm in field 

and greenhouse studies than when incorporated at 2.5 to 5 cm. These 

researchers also noted that a compensation phenomenon occurred with lateral 

roots in cotton (Anderson et al., 1967; Oliver and Frans, 1968). Lateral roots 

were inhibited along the portion of the taproot in the trifluralin-incorporated zone, 

but lateral roots were augmented along the portion immediately below the 

herbicide-incorporated soil in the untreated zone. 



The influence of soil type on herbicide phytotoxicity appears variable. 

Menges and Hubbard (1970) showed that trifluralin phytotoxicity was not affected 

by soil texture. In the study, four soils were used: Willacy sandy loam, Hidalgo 

sandy loam, Hidalgo clay loam, and Harlingen clay. The only variable affecting 

the phytotoxicity of trifluralin was rate. Additionally, in 250 soils sampled, residue 

levels of trifluralin were low and trifluralin residue was not significantly correlated 

with soil texture (Savage, 1973). 

Thompson and Hardcastle (1965) reported that herbicide phytotoxicity 

was related to soil texture and parent material. Reduced plant height was 

associated with a clay loam soil as compared to a sandy loam soil at comparable 

application rates. Parent material also influenced herbicide phytotoxicity. 

Herbicide applications to soils derived from granites, schists, and gneisses were 

more damaging to plants than soils derived from diorite, and hornblende. In 

addition, Thompson and Hardcastle (1965) concluded that plants grown in 

trifluralin-treated, noncalcerous soils were more damaged than plants grown in 

trifluralin-treated, calcareous soils. 

Soil organic matter content also influences herbicide phytotoxicity. 

Harrison et al. (1976) reported soil organic matter content to be the most 

correlated variable with herbicide phytotoxicity. Ten soils were used with the 

following characteristics: (1) 37 to 81% sand, 15 to 53% silt, and 4 to 25% clay, 

(ii) 1.5 to 14.4% organic matter, and (iii) 5.1 to 6.6 pH range. Bardsley et al. 

(1967) reported similar results. The researchers found that increasing the 

organic matter from 1.5 to 6 % resulted in more retention of active trifluralin. 



Herbicide effects on plant height, nutrient uptake. 

and vield 

A stunting effect was associated with the use of trifluralin on cotton in 

several studies (Anderson et al., 1967; Standifer and Thomas, 1965;Thompson 

and Hardcastle, 1965). However, Thompson and Hardcastle (1965) noted that 

recovery was possible. Researchers have reported greater plant height with the 

use of pendimethalin as compared to trifluralin (Hamilton and Arle, 1976; Jordan 

etal., 1978; Pavlista, 1980). 

Nutrient uptake is affected by the use of trifluralin. Trifluralin decreased 

the accumulation of total P and % P in cotton (Cathey and Sabbe, 1972). The 

plant P was decreased with increasing rates of trifluralin. In addition, the P 

uptake was reduced the most when trifluralin and the fertilizer were incorporated 

in the same zone. 

In a 12 year comparison study, cotton yield and quality were not affected 

by trifluralin or pendimethalin application within a year or across all years 

(Keeling et al., 1996). Although year-to-year differences was detected, the 

differences were related to environmental conditions. In other short-term studies, 

no differences between trifluralin and pendimethalin were detected for yield or 

fiber quality (Hamilton and Arle, 1976; Keeling and Abernathy, 1989). 

Numerous other studies involving trifluralin and other dinitroanilines have 

been conducted to test the effects on final yield. Weaver et al. (1977) found 

herbicide treatments did not have effects on micronaire, fiber length, fiber 

strength or uniformity. Bryson and Webster (1988) and Miller (1975) in 5-year 



studies reported trifluralin did not significantly affect fiber quality or yield. Other 

workers reported no appreciable difference in yield between control and 

herbicide treated plots (Dowler and Hauser, 1975; Wiese et al., 1969). The 

general consensus is that trifluralin does not cause declines in yield if applied 

properly at recommended rates (Hurst, 1977). 

Overall, the effects of pendimethalin and trifluralin can be summarized as 

follows. Application of either herbicide can reduce growth of lateral roots, 

especially in the treated zone. In most instances, the reduction is greater in the 

presence of trifluralin than in the presence of pendimethalin. Generally, 

application of these herbicides is reported not to adversely affect yield. 
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CHAPTER III 

MATERIALS AND METHODS 

Field and greenhouse experiments were conducted to determine lateral 

root development and function as affected by rate and depth of incorporation of 

pendimethalin and trifluralin. Field experiments were established at the Texas 

Tech University Crop Production Center near Brownfield, Texas. Greenhouse 

studies were conducted at Texas Tech University in Lubbock, Texas. 

The experiments reported here were conducted under five different growing 

environments. An environment is described as the combination of irrigation in the 

field (linear, drip, and dryland), soil type (loamy fine sand or clay loam), and 

growing conditions (field or greenhouse). Due to the soil textural differences, 

percentages of the recommended application rates (0.75 x, 1.0 x and 1.5 x, 

where "x" represents the recommended rate) are used instead of the herbicide's 

actual rates to allow grouping of the five environments. 

A summary of the environments used in this study is shown in Table 1. 

The environments used in this study represent a variety of actual growing 

conditions. Since it is impossible to truly replicate a study under field conditions, 

the field studies represent unique environments. Therefore, these studies 

compare the effects of the herbicides under a variety of conditions. 

11 



Table 1. Summary of the characteristics of the five growing environments used in 
this study. 

Growing 
Environment Year Conditions Irrigation Type Soil Type 

1 1996 Field Linear Loamy fine sand 
2 1997 Field Subsurface Drip Loamy fine sand 
3 1997 Field Dryland Loamy fine sand 
4 1997 Greenhouse Manual Loamy fine sand 
5 1997 Greenhouse Manual Clay Loam 

Environmental Descriptions 

Environment 1 (1996 Irrigated Studv) 

The soil in the experimental area is Amarillo loamy sand (Fine loamy, 

mixed, thermic Aridic Paleustalfs). Trifluralin and pendimethalin were evaluated 

as preplant soil incorporated treatments. The recommended rate for the loamy 

fine sand is 0.84 kg ai/ha. The two herbicides were applied at four rates: 0.0 kg 

ai/ha (control), 0.63 kg ai/ha (0.75 x), 0.84 kg ai/ha (1.0 x), and 1.26 kg ai/ha (1.5 

x) on May 14, 1996. The plots were 15.25 m long by 3.25 m (four rows) wide. 

Treatments were applied in a completely randomized design with four 

replications. Spray applications were made to the soil with a tractor equipped 

with a mounted compressed nitrogen tank connected to the spray boom. Yellow 

8002VS Teejet nozzles (Spraying Systems Co; Wheaton, IL) were used to spray 

the herbicide mixtures. The pressure at the nozzles was 206 kPa, and the tractor 

speed was 8.05-km/hr. The applications volume was 94.4-L/ha. Immediately 

after application, the herbicides were incorporated into the soil with a stalk-cutter 

and roller (bed leveler) followed by listing of the rows into 0.81-m beds. On May 

12 



29, 1996, Paymaster HS-26 cottonseeds were planted at 148,148 seeds/ha in 

combination with 3.36-kg/ha of aldicarb (Temik). Nutrients were applied with a 

tractor using fertility sweeps. The fertilizer mixture was applied on three dates 

(Table 2). The sources for the fertilizer mixture were as follows: 12-0-0-26 for 

nitrogen and sulfur, 10-34-0 for nitrogen and phosphorus, and 32-0-0 for 

nitrogen. A linear Tri-Matic system (Tri-Matic Inc.; Brownfield, TX) was used for 

irrigating the crop (Table 3). 

Table 2. Dates and amounts of nutrients applied for Environment 1. 
Date N P2O5 

kg/ha 
6-1 28 11.2 
7-2 28 11.2 
7-28 28 11.2 
Total 84 33.6 

Table 3. Dates and amounts of rainfall and irrigation applied 
Date Rainfall Irrigation 

r*m _— 

3-3 to 5-25 1.27 0.00 
5-25 to 6-1 5.99 0.00 
6-1 to 6-8 0.71 2.54 
6-8 to 6-15 2.54 0.00 
6-15 to 6-22 0.81 2.54 
6-22 to 6-29 5.44 0.00 
6-29 to 7-6 0.21 2.54 
7-6 to 7-13 1.37 1.27 
7-13 to 7-20 0.00 2.54 
7-20 to 7-27 0.00 2.54 
7-27 to 8-3 0.00 2.54 
8-3 to 8-10 0.00 2.54 

Total 18.34 19.05 

S 

5.7 
5.7 
5.7 
17.1 

for Environment 1. 
Total 

1.27 
5.99 
3.25 
2.54 
3.35 
5.44 
2.75 
2.64 
2.54 
2.54 
2.54 
2.54 
37.39 

13 



Environments 2 (1997 Irrigated Studv) and 

3 (1997 Dryland Studv) 

The 1997 irrigated field experiment was setup as previously described for 

the 1996 experiment with the following differences. The plots were 15 m long by 

4.89 m (six rows) wide. The treatments were applied on May 5, 1997. 

Immediately after application, the herbicides were incorporated into the soil with 

a double stalk-cutter followed by listing of the rows into 0.81-m beds. Paymaster 

HS-26 Roundup Ready cotton was planted on May 16, 1997. Roundup 

(glyphosate) was applied at the fifth leaf stage of plant development. The rate 

applied was 1.12 kg/ha. A subsurface drip system was used to irrigate and 

partially fertilized the crop (Table 4). The fertilizer for the dryland study was 

applied with fertility sweeps (Table 5). 
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Table 4. Dates and amounts of rainfall, irrigation, and nutrients applied for 
Environment 2. 

Date 

1-1 to 5-11 
5-11 to 5-18 
5-18 to 5-15 
5-25 to 6-1 
6-1 to 6-8 
6-8 to 6-15 
6-15 to 6-22 
6-22 to 6-29 
6-29 to 7-6 
7-6 to 7-13 
7-13 to 7-20 
7-20 to-7-27 
7-27 to 8-3 
8-3 to 8-10 
8-10 to 8-17 
8-17 to 8-24 
8-24 to 8-31 
8-31 to 9-7 
9-7 to 9-14 
Total 

Rainfall 

19.06 
1.40 
1.83 
0.13 
2.77 
1.88 
1.56 
1.81 
2.28 
1.37 
0.10 

0 
0.98 
1.44 
0.70 
1.68 

0 
0 

0.30 
39.29 

Irrigation 
r*m__ 

0 
0 
0 

2.54 
0 

1.27 
1.27 
1.27 
1.27 
1.27 
3.17 
3.17 
3.17 
2.54 
2.54 
1.27 
3.17 
1.27 
1.27 

30.46 
* Fertilizer applied with fertility sweeps. 

Total 

19.06 
1.40 
1.83 
2.67 
2.77 
3.15 
2.83 
3.08 
3.55 
2.64 
3.27 
3.17 
4.15 
3.98 
3.24 
2.95 
3.17 
1.27 
1.57 

69.75 

N P2O5 

0 0 
0 

28* 
0 
0 
0 
14 
14 
14 
0 
14 
14 
14 
0 
0 
0 
0 
0 
0 

112 

0 
11.2* 

0 
0 
0 

5.6 
5.6 
5.6 
0 

5.6 
5.6 
5.6 
0 
0 
0 
0 
0 
0 

45 

Table 5. Dates and amounts of nutrients applied for Environment 3. 
Date 

5-19 
7-2 

7-28 
Total 

- - -
N 

28 
28 
28 
84 

P2O5 
—kg/ha 

11.2 
11.2 
11.2 
33.6 

S 

5.7 
5.7 
5.7 
17.1 

S 
******* 

0 
0 

5.7* 
0 
0 
0 

2.8 
2.8 
2.8 
0 

2.8 
2.8 
2.8 
0 
0 
0 
0 
0 
0 

23 

Environments 4 (Loamy fine sand. Greenhouse Studv) 
and 5 (Clay loam. Greenhouse Study) 

Surface samples (0-15 cm) of two soils were collected, allowed to air dry, 

and used for the greenhouse experiments. The two soils collected included an 

Amarillo loamy fine sand (Fine-loamy, mixed, thermic Aridic Paleustalfs) and a 

15 



Pullman clay loam (Fine, mixed, thermic Torrertic Paleustolls). Plastic buckets 

(19.8 L) were used for soil containers. Each bucket was filled with the 

appropriate soil (33 kg for the Amarillo soil and 27 kg for the Pullman soil). The 

recommended rates of trifluralin and pendimethalin for the Amarillo and Pullman 

soils were 0.84 kg ai/ha (1.0 x) and 1.12 kg/ha (1.0 x). Pendimethalin and 

trifluralin were incorporated at a depth of 5 cm and were applied at four rates: 0.0 

kg ai/ha, 0.63 kg ai/ha (0.75 x), 0.84 kg ai/ha (1.0 x). and 1.26 kg/ha (1.5 x) in the 

Amarillo soil and 0.0 kg ai/ha, 0.84 kg ai/ha (0.75 x), 1.12 kg ai/ha (1.0 x), and 

1.67 kg ai/ha (1.5 x) in the Pullman soil. To approximate the effects of 

incorporation depth, 5 cm of soil were removed from each bucket. The soil 

samples were place in a cement mixer, and then the appropriate herbicide 

solution was applied. Following mixing, the soil was returned to its bucket. The 

buckets were placed randomly on carts in the greenhouse. Two cottonseeds 

were planted to a depth of 1.5 cm, and a nutrient solution (Table 6) was added to 

ensure growth. 

Table 6. Sources and amounts of nutrients applied in Environments 4 and 5. 
Source 

CaN03-N 
KH2PO4-P 
FeS04-Fe 
ZnS04Zn 

Amounts (kg/ha) 
112 
45 
3.4 
1.1 

The plants received water as needed to keep the soil moist; irrigation was 

required every 2 days. Approximately, 1 L of water was used when irrigation was 

needed. The carts were moved in a circular motion twice a week to minimize the 

effects of temperature and light variance in the greenhouse. 
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Data collection and analysis 

Data for nodes per plant and plant height were collected every two weeks 

from the center 3.05 m of the middle two rows. The first ten consecutive plants in 

the middle rows were selected and used repeatedly for plant height and node per 

plant data counts. Three plants were sampled every two weeks to determine 

depth to first lateral root and elemental analysis. To sample the roots, a spade 

was used to slice down into the soil to create a small 30 cm profile and expose 

roots. The soil was gently brushed away, and depth to first lateral root from the 

soil surface was recorded. In 1996, yield was not determined due to hail 

damage on 8-14-96. Yield samples were taken from the center 2.5 m of the 

middle two rows in 1997. 

In the greenhouse, data for nodes per plant and plant height were taken 

every week. One of the two plants was sampled on day 14 and the other on day 

28 to determine depth to first lateral root and elemental analysis. To sample the 

roots, a trowel was used to slice down into the soil; the plant, roots, and soil were 

excavated. The soil was gently brushed away, and depth to first lateral root from 

the soil surface was recorded. 

In preparation for elemental analysis, plant samples were dried at 55°C. 

After drying, the samples were ground to pass a 1 mm screen. A 1 g subsample 

was weighed into a digestion tube. A mixture of nitric, perchloric and sulfuric 

acids (5:2:1) were used. A volume of 10 mL of the acid mixture was added to 

each digestion tube and allowed to stand over night. The digestion tubes were 

then placed in a digestion block. The temperature of the block was set at 100°C 
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for one hour and 300°C for two hours, or digested until clear. The digestion tubes 

were removed and allowed to cool. The digest was diluted to 50 mL with 

deionized water (Adapted from Jones and Casey, 1990). The resultant solution 

was analyzed for zinc and iron using an Atomic Absorption Spectrometer by A & 

L Laboratories, Inc. (Lubbock, TX) and phosphorous was analyzed 

colormetrlcally (AOAC, 1984) by A & L Laboratories, Inc. In the greenhouse 

studies (Environments 4 and 5), sample repetitions were combined to provide 

enough plant matter for elemental analysis. 

Analyses of variance were done using the GLM procedure in SAS (SAS 

Institute, Inc. 1989). Treatments were random within environments. The data 

were grouped together for a combined analysis. Analyses of variance were 

analyzed with rate, herbicide, and environments as the independent variables. 

The effect of environment was considered a random effect and was tested with 

the appropriate error term (Cochran and Cox, 1957). Interactions between 

herbicide rate, source and environment were also evaluated. 
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CHAPTER IV 

RESULTS AND DISCUSSION 

All growing environments 

The specific objectives of this study were to: (i) determine if differences 

existed between herbicide type and rate on lateral root development of cotton 

seedlings; (ii) determine if interference in lateral root development resulted in 

abnormal growth and development of cotton seedlings; (iii) determine the most 

probable cause of the impairment, if abnormal growth or development did exist. 

Experiments were conducted under five different growing environments. 

The growing environments included in this study represent a diverse set of 

conditions for comparative studies of trifluralin and pendimethalin. These 

conditions include greenhouse, irrigated, and dryland field studies. The herbicide 

incorporation depth (5 cm) was similar for all environments. Furthermore, the 

greenhouse studies included two soils (loamy fine sand and clay loam) that are 

quite different from each other, but represent soils commonly used for cotton 

production on the Southern High Plains of Texas. Due to the soil textural 

differences, herbicide application rates are presented as percentages (0.75 x, 

1.0 X, and 1.5 x) instead of actual rates to allow grouping of the five 

environments. 
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Lateral roots, height, and number of nodes 

The effect of environment, herbicide source and rate on depth to first 

lateral root is shown in Table 7. Differences among environments were 

significant for depth to lateral root (Table 7). 

Table 7. Summary of ANOVA for effect of environment, herbicide source and 
rate on depth to lateral, height, and number of nodes for cotton growing 
under five environments on day 28. 

Source of 
variation 

Environment 
Herbicide 
Rate 
Env*Herb 
Env*Rate 
Herb*Rate 
Env*Herb*Rate 
Model 
Error 
Corrected Total 

df 

4 
1 
2 
4 
8 
2 
8 

29 
78 
107 

Depth to lateral 

0.0001 
0.0001 
0.0001 
0.0001 
0.0014 
0.0039 
0.5924 
0.0001 

Height 

-Prnhal' 

Number of 
nodes 

^:i;f^, 

0.0001 
0.0278 
0.5130 
0.0726 
0.9601 
0.7183 
0.4413 
0.0001 

0.0001 
0.0233 
0.1875 
0.1281 
0.8438 
0.2354 
0.0198 
0.0001 

Ht:Node 

0.0001 
0.6396 
0.0022 
0.3165 
0.9263 
0.5454 
0.1142 
0.0001 

Herbicide source and rate significantly influenced depth to the lateral root. 

Significant interactions occurred with environment by herbicide, environment by 

rate and herbicide by rate. These significant differences were expected due to 

the different growing conditions. 

Trifluralin significantly increased depth to first lateral root in Environments 

2, 3, 4 and 5 compared to pendimethalin and control (Figure 1). Depth to first 

lateral root was greater for cotton seedlings in trifluralin treated soil. 
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Figure 1. Effects of herbicide source on depth to first lateral root of cotton plants 

at day 28 for 5 growing environments. (*Means with the same letter 
are not significantly different within environment, P<0.05.) 

The climatic conditions for Environment 1 (1996) were warmer and drier 

than for Environments 2 and 3 (1997). The cotton plants seemed to grow more 

vigorously in Environment 1 than in Environments 2 and 3. Cooler and wetter 

conditions in Environments 2 and 3 may have been less favorable for seedling 

lateral root proliferation. Thompson and Hardcastle (1965) noted that there was 

more seedling disease and root rot present on trifluralin treated seedlings than 

control seedlings. 

The soil used for Environment 4 (loamy fine sand) had a higher sand 

content and a lower clay content than did the soil used for Environment 5 (clay 

loam). The higher clay content may have been more favorable for seedling 

lateral root proliferation due to a higher absorption of the herbicide material. The 

higher sand content, causing less absorption, may have made the herbicide 

material more available to the seedling's developing root system causing greater 

lateral root reduction. 
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There were no significant differences in Environment 1 due to herbicide 

rate (Figure 2) averaged over both herbicides. The depth to lateral root was 

relatively constant across all rates. This response may have been due to warm 

temperatures early in the growing season and overhead irrigation. 
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Figure 2. Effects of herbicide rate averaged over both herbicides on depth to 
first lateral root of cotton plants at day 28 for 5 growing environments. 
(*Means with the same letter are not significantly different within 
environment, P<0.05.) 

Herbicide rate averaged over both sources significantly influenced depth 

to first lateral root in Environments 2, 3, 4, and 5. As the herbicide rate 

increased, depth to lateral root increased in Environments 2, 3, 4, and 5. The 

I.Ox rate significantly increased depth to first lateral root in Environment 4 

compared to the 0.75x rate and control. The 1.5x rate significantly increased 

depth to first lateral root in environments 2, 3, 4, and 5. 

These differences for rate among environments were expected due to the 

different growing conditions. Lateral roots were deeper in Environments 2, and 3. 
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The cooler, wetter growing conditions and subsurface irrigation may have caused 

this response. 

Lateral root depth was significantly greater at the 1 .Ox and 1.5x rates in 

Environment 4. While only the 1.5x rate was significantly different in Environment 

5. The lower clay content (and higher sand content) in Environment 4 may have 

cause this response as compared to the higher clay content in Environment 5. 

Depth to first lateral root was significantly affected by herbicide source 

and rate averaged over 5 growing environments (Figure 3). Trifluralin 

significantly increased depth to first lateral root at the 1 .Ox and 1.5x rates 

compared to pendimethalin and control. As the rate of trifluralin increased, depth 

to first lateral root increased. 
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Figure 3. Effects of herbicide source and rate on depth to 
first lateral root of cotton plants at day 28 
averaged over 5 growing environments. 
(*Means within rate are significantly different, 
P<0.05. Means with different letters are 
significantly different from the control, P<0.05). 
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The differences in depth to lateral roots were similar to those reported by 

Jordan et al. (1978) and Pavlista (1980). Jordan et al. (1978) reported that 

pendimethalin at low rates did not significantly reduced lateral root production of 

cotton compared to trifluralin. Pavlista (1980) reported that trifluralin inhibited 

lateral root grov\/th in the incorporated zone at all rates tested. They concluded 

that pendimethalin was less injurious than trifluralin to lateral roots. The inherent 

root pruning effect of trifluralin has been observed in several studies (Anderson 

et al., 1967; Hacskaylo and Amato, 1968; Mallory and Bayer, 1972). 

Furthermore, Thompson and Hardcastle (1965) noted that root pruning, 

"essentially the cessation of proliferation of lateral roots from the tap root in the 

zone of trifluralin treated soil" was common (p. 82). 

Herbicide source significantly influenced plant height averaged over 5 

growing environments (Figure 4). Trifluralin significantly decreased plant height 

as compared to pendimethalin and control. 
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Figure 4. Effects of herbicide source on plant height of 
cotton at day 28 averaged over 5 growing 
environments. (*Means with the same letter 
are not significantly different, P<0.05.) 
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The environment by herbicide interaction was significant for seedling 

height (Figure 5). Cotton seedlings grown in three of the environments were taller 

in the pendimethalin treated soil and control than in the trifluralin treated soil. 
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Figure 5. Effects of herbicide source on plant height of cotton at day 28 for 5 
growing environments. (*Means with the same letter are not 
significantly different within environment, P<0.10.) 

The differences in plant height also were similar to those reported by 

Jordan et al. (1978) and Anderson et al. (1967). Jordan et al. (1978) reported 

that cotton height was greater in pendimethalin treated than trifluralin treated soil. 

Anderson et al. (1967) reported that trifluralin stunted plant height of cotton 

seedlings and that rate influenced the degree and persistence of stunting. 

Hamilton and Arle (1976) reported that pendimethalin caused little or no stunting. 

Furthermore, Frans et al. (1982) studied the effects of herbicides on cotton in 

Arkansas. They not only found significant treatment effects, but also significant 

location and year effects on the growth of cotton plant. They indicated that 

environmental conditions greatly affected the way herbicide regimes effected 

cotton. 
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Herbicide source significantly influenced the number of nodes of cotton 

seedlings (Figure 6). Trifluralin significantly reduced the number of nodes 

compared to pendimethalin and control. 

14 

E 10 
c 
"o 8 

I 6 
I 4 
z 

2 
0 

I I Pendimethalin 
• • Trifluralin 

c^xD Control 

a b 

Figure 6. Effects of herbicide source on plant node number of 
cotton at day 28 averaged over 5 growing 
enviroments. (*Means with the same letter are not 
significantly different, P<0.05.) 

As indicated by a significant environment by herbicide by rate interaction 

(Table 1), the environments varied in their response to the treatments (Figure 7). 

This significant response probably resulted from differences in the field 

(Environments 1, 2, and 3) compared to the greenhouse conditions 

(Environments 4 and 5). Number of nodes was variable due to herbicide. A 

significant difference did occur at the 1.5x rate for Environment 5. Trifluralin 

significantly reduced node number. 
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Figure 7. Effects of herbicide source and rate on plant node number of cotton at day 28 for 5 growing 
environments. {*Means within rate and environment are significantly different, P<0.05.) 

Herbicide rate significantly influenced the ratio of height to node averaged 

over both herbicides (Table 7). The 1.5x rate significantly reduced the ratio 

compared to the 1.0 x rate and control (Figure 8). 
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Figure 8. Effects of herbicide rate averaged over both herbicides 
on plant height:node of cotton at day 28 for 5 growing 
environments. (*Means with the same letter are not 
significantly different, P<0.05.) 
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Environments 1. 2. and 3 (Field 1996 and 1997) 

Phosphorus. Zinc, and Iron 

The effect of environment, herbicide source and rate on the concentration 

of phosphorus, iron, and zinc is shown in Table 8. Differences among 

environments were significant for the concentration of phosphorus and zinc 

(Table 8). 

Table 8. Summary of ANOVA for effect of environment, herbicide source and 
rate on the concentration of phosphorus, zinc and iron for cotton 
growing under three environments on day 28. 

Source of variation Df P Zn Fe 

Environment 
Herbicide 
Rate 
Env*Herb 
Env*Rate 
Herb*Rate 
Env*Herb*Rate 
Model 
Error 
Corrected Total 

2 
1 
2 
2 
4 
2 
4 
17 
53 
70 

0.0002 
0.0491 
0.2336 
0.5920 
0.8554 
0.6627 
0.4828 
0.0272 

—Probability-— 
0.0001 
0.1180 
0.1974 
0.7861 
0.7678 
0.1415 
0.6336 
0.0022 

0.5778 
0.7877 
0.0717 
0.9595 
0.8340 
0.9808 
0.9959 
0.9423 

Significant differences due to herbicide were found for phosphorus 

averaged over 3 growing environments. Trifluralin significantly reduced 

phosphorus concentration (%) in the tissue of seedlings (Figure 9). To provide 

enough plant material for elemental analysis, it was necessary to combine 

repetitions in Environments 4 and 5 (greenhouse). Therefore, statistical analysis 

of nutrient concentrations could not be included for these samples. 
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Figure 9. Effects of herbicide source on phosphorus concentration 

in plant tissue of cotton at day 28 averaged over 3 
growing environments. (*Means with the same letter 
are not significantly different, P<0.05.) 

As previously reported, nutrient uptake is affected by the use of trifluralin. 

Trifluralin decreased the accumulation of total P and % P in cotton (Cathey and 

Sabbe, 1972). The plant P was decreased with increasing rates of trifluralin. In 

addition, the P uptake was reduced the most when trifluralin and the fertilizer 

were incorporated in the same zone. 

Herbicide rate significantly influenced iron concentration of seedlings 

averaged over both herbicides (Table 8). The iron concentration was significantly 

reduced by the I.Ox and 1.5x rates compared to the 0.75x rate (Figure 10). 
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Figure 10. Effects of herbicide rate averaged over both herbicides 
on iron concentration in plant tissue of cotton at day 28 
for 3 growing environments. (*Means with the same 
letter are not significantly different, P<0.10.) 

Environments 2 and 3 

The effect of environment, herbicide source, and rate on yield is shown in 

Table 9. Differences among environments were significant for lint yield (Table 

9). These differences for yield were expected due to the different growing 

conditions. 
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Table 9. Summary of ANOVA for effect of environment, herbicide source 
and rate on the lint yield for cotton growing under three 
environments on day 28. 

Source of variation 

Environment 
Herbicide 
Rate 
Env*Herb 
Env*Rate 
Herb*Rate 
Env*Herb*Rate 
Model 
Error 
Corrected Total 

Df 

1 
1 
2 
1 
2 
2 
2 
11 
36 
47 

Lint Yield 
-Probability-

0.0001 
0.2829 
0.9446 
0.1805 
0.0164 
0.1986 
0.6943 
0.0001 

Environment by herbicide rate significantly influenced lint yield averaged 

over both over both herbicides (Figure 11). There were significant differences in 

Environment 2 (irrigated) but not none occurred in Environment 3 (dryland). The 

1 .Ox rate was significantly different from the 1.5x rate and control in Environment 

2. Yield was relatively constant in Environment 3 for all rates and control. 
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Figure 11. Effects of herbicide rate averaged over both herbicides on lint yield of cotton plants for 2 growing 
environments. (*Means within rate and environment are significantly different, P<0.05.) 
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Figure 12. Effects of herbicide source and rate on plant lint yield of cotton for 2 growing environments. 
('Means wlthiin rate and environment are significantly different, P<0.05.) 

No significant environment by herbicide by rate differences were found 

for lint yield in Environments 2 and 3 (Figure 12). Plants in trifluralin treated soil 

had a higher yield trend at the 0.75 and I.Ox rates, while plants in pendimethalin 

treated soil had a higher yield trend at the 1.5x rate. The relatively low yield of 

the control in Environment 2 may be related to competition from weeds. Although 

the plots were hand hoed, the control was not weed free. 

Environments 1, 4, and 5 were not included in the lint yield data analysis. 

Environment 1 suffered hail damage. Environments 4 and 5 (greenhouse 

studies) were only carried out to day 30. 

As previously reported, cotton yield is not negatively affected by trifluralin 

or pendimethalin application (Keeling et al., 1996; Keeling and Abernathy, 1989; 

Hamilton and Arle, 1976; Hurst, 1977; Wiese et al., 1969; Dowler and Hauser, 
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1974). Although year-to-year differences are common, the differences can be 

related to environmental conditions and weed control. 

Correlation Analysis 

Depth to the first lateral root was significantly correlated with height, 

number of nodes, and ht:node (Table 10). The depth to first lateral root had a 

highly negative correlation with plant height and number of nodes. 

Table 10. Summary of correlation coefficient for depth to lateral, height, 
node number, ht:node, phosphorus, zinc, iron, and yield. 

DFL 
Height 
Node 
Ratio 
P 
Zn 
Fe 

DFL 

-

-

-

-

-

-

Height 
-0.74 

-

-

-

-

-

-

r^r\rrt 

Node 
-0.75 
0.88 

-

-

-

-

-

Blation Coefficient-
Ht:Node 

-0.39 
0.77 
0.46 

-

-

-

-

P 
Ns 

-0.37 
-0.23 
-0.38 

-

-

-

Zn 
Ns 
Ns 

-0.34 
Ns 

0.22 
-

-

Fe 
Ns 
Ns 
Ns 
Ns 

0.20 
Ns 

-

Yield 
Ns 

0.31 
Ns 

0.41 
Ns 

0.52 
Ns 

(DFL = Depth to first lateral root; Ns = Not Significant, P<0.05) 

Finally, depth to lateral root was regressed against plant height and 

number of nodes (Figures 13 and 14). As the depth to lateral root increased, 

plant height and number of nodes were decreased. 
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Figure 13. Regression of depth to first lateral (DFL) 
by plant height (PH). 
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Figure 14. Regression of depth to first lateral root (DFL) 
by number of nodes (NN). 

Pruning of lateral roots seems to have affected plant height and number 

of nodes. However, this early season stunting effect may have little adverse 

effect on the subsequent growth of the plants unless the recommended rate is 

exceeded. The literature suggests that yields are not reduced from the 

application of these herbicides at the recommended rates. 
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CHAPTER V 

SUMMARY 

Trifluralin and pendimethalin are some of the most heavily used herbicides 

in cotton. It has been observed for several years that trifluralin causes more 

damage to lateral root development than does pendimethalin. However, this 

effect is not always apparent in final yield analyses. 

The objectives of study were to: (i) determine if differences existed between 

herbicide type and rate on lateral root development of cotton seedlings; (ii) 

determine if interference in lateral root development resulted in abnormal growth 

and development of cotton seedlings; (iii) determine the most probable cause of 

the impairment, if abnormal growth or development did exist. 

The data indicate that trifluralin application can adversely affect cotton 

seedlings under certain environmental conditions. General effects on cotton 

seedlings following trifluralin incorporation were direct root pruning, general 

stunting of the plant, decreased node number, and decreased phosphorus 

concentration compared to pendimethalin. 

Herbicide rate, average over both herbicides, also adversely affected 

cotton seedlings. General effects on cotton seedlings were increased depth to 

first lateral root, decreased ht:node ratio, and decreased iron concentration with 

increasing rate. 

Emphasis must be placed on the fact that these manifestations did not 

give rise to differences in yield. 
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