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Abstract. Tomato yield and soil quality may be 
influenced by management practices and climatic 
conditions. We examined the effects of tillage (no-till, 
chisel plowing, and moldboard plowing), cover crop (hairy 
vetch  (Vicia villosa Roth) and no hairy vetch), and N 
fertilization (0, 80, and 160 lb N acre-1) on tomato yield 
and N uptake, root growth, and soil C and N 
concentrations in a Norfolk sandy loam (fine-loamy, 
siliceous, thermic, Typic Kandiudults) in central GA for 
two years. Tomato yield and N uptake were greater in 
moldboard or chisel than in no-till in 1996, and with hairy 
vetch than with no hairy vetch or with 80 or 160 than with 
0 lb N acre-1 in 1997. In contrast, tomato total number of 
roots in-2 soil profile was greater in no-till than in 
moldboard in 1997and in no hairy vetch with 160 lb N 
acre-1 than in hairy vetch with 0 lb N acre-1in 1996. 
Similarly, mineralizable C and N and organic C and N were 
greater in no-till or chisel than in moldboard at 0- to 4-in 
depth but were greater or similar in moldboard than in no-
till or chisel at 4- to 12-in. Inorganic and mineralizable N 
were greater with hairy vetch than with no hairy vetch and 
with N fertilization than without. Greater rainfall increased 
tomato yield and N uptake in 1997. In contrast, increased 
temperature promoted root growth and soil C and N 
mineralization in 1996 better than in 1997. Instead of 
conventional tillage with or without cover cropping or N 
fertilization, chisel plowing followed by hairy vetch cover 
cropping and 80 lb N acre-1 should be adopted for 
improving soil and water quality and sustaining tomato 
yield. 

INTRODUCTION 

Management practices can influence crop yield and soil 
and water quality. While conventional tillage, such as 
moldboard, has sustained crop productivity, it has 
decreased soil quality due to increased organic matter 
mineralization and erosion, and water quality due to 
increased sedimentation and NO3 pollution. Excessive N 
fertilization accompanied by poor soil and crop 
management practices has increased NO3 pollution in the 
groundwater (Linville and Smith, 1971; Follett, 1989; 
Hallberg, 1989). Agriculture remains a major source of 

contamination, along with pollution from industrial wastes, 
municipal landfills, mining, and septic systems (USOTA, 
1984; Hallberg, et al., 1985; USEPA, 1992). Therefore, 
management practices that conserve soil and nutrients are 
needed for improving soil and water quality and sustaining 
crop yield. 

Tillage reduces soil quality by oxidizing organic C and 
N, incorporating crop residues, disrupting soil aggregates, 
and increasing aeration (Dalal and Mayer, 1986; Balesdent 
et al., 1990; Cambardella and Elliott, 1993). As a result, 
amendments or plant residues need to be added in the soil 
to replace organic matter loss by cultivation (Campbell and 
Souster, 1982; Collins et al., 1992; Cambardella and Elliott, 
1993). Practices that reduce residue incorporation, such as 
no-till or minimum till, can conserve organic matter better 
than conventional till. Studies have shown that no-till 
increased organic C and N in the surface soil compared 
with conventional till (Doran, 1987; Havlin et al., 1990; 
Franzluebbers et al., 1995). Similarly, cover cropping 
increased soil organic C and N compared with no cover 
cropping (Sainju and Singh, 1997). Legume cover crops 
have increased crop yields and reduced N fertilizer 
requirements compared with non-legume or no cover crops 
(Sainju and Singh, 1997). 

Tomato is one of the important vegetable crops in 
Georgia. Compared with cereal crops, vegetable crops such 
as tomato need intensive management and high input of N 
(Power and Schepers, 1989). Furthermore, recovery of N 
from vegetable crops is lower than from cereal crops 
(Lowrance and Smittle, 1988). As a result, the potentiality 
for NO3 to leach from the soil is greater under vegetable 
than under cereal crops. Therefore, vegetables, such as 
tomato, need to be grown in a sustainable manner that 
improves soil and water quality without significantly 
decreasing yield. One of the ways is to use conservation 
tillage, followed by legume cover cropping and reduced N 
fertilization. Little information is available about the 
combined influences of tillage, cover cropping, and N 
fertilization on transplanted tomato and soil quality. Our 
objectives were to determine the effects of management 
practices such as tillage, cover cropping, and N fertilization, 
and climatic conditions such as temperature and rainfall, on 
(1) root and shoot growth of transplanted tomato, and (2) 
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soil C and N concentrations. 

MATERIALS AND METHODS 

Field Experiment 
The experiment began in September 1994 at the 

Agricultural Research Station farm, Fort Valley State 
University, Fort Valley, GA, on a Norfolk sandy loam (fine 
loamy, siliceous, thermic, Typic Kandiudults). The soil had 
1288 ton acre-1 sand, 496 ton acre-1 silt, 198 ton acre-1 

clay, 6.5 pH, 17.2 ton acre-1 organic C, and 1.3 ton acre-1 

organic N at 0- to 12-in depth. Previous cropping history 
included double cropping of wheat and soybean (Glycine 
max L.) for two years followed by alfalfa (Medicago 
sativa L.) for eight years. Temperature and rainfall data 
were collected from a nearby weather station. 

The treatments included three levels of tillage (no-till, 
chisel plowing, and moldboard plowing), two levels of 
cover crop (hairy vetch and no hairy vetch), and three 
levels of N fertilization (0, 80, and 160 lb N acre-1). 
Minimum tillage (chisel plowing) consisted of harrowing (4 
to 6 in depth), followed by chiseling (8 to 10 in depth) and 
leveling (3 to 4 in depth). Conventional tillage (moldboard 
plowing) consisted of harrowing, followed by moldboard 
plowing (8 to10 in depth) and leveling. The experiment was 
arranged in a strip-split plot design, with tillage and cover 
crop as main treatments and N fertilization as split plot 
treatment. Treatments were arranged in a randomized 
complete block with three replications. The split plot size 
was 24 x 24 ft. 

In September and October 1994 to 1996, chisel and 
moldboard plots were harrowed, plowed, and leveled. No-
till plots were left undisturbed except for drilling cover crop 
seed. Hairy vetch seed was drilled at the rate of 25 lb acre-

1, with a row spacing of 6 in. No fertilizer, herbicide or 
insecticide was applied. In March and April of the 
following year, hairy vetch was harvested at flowering 
stage from two 12 x12 in2 areas within the plot for yield 
and N concentration determinations. In no hairy vetch 
plots, weeds (dominated by henbit (Lamium amplexicaule 
L.) and cut-leaf evening primrose (Oenothera laciniata 
L.)) were collected as above. Plant residues were oven-
dried at 140oF, weighed, and ground to 0.04 in. After 
sampling, cover crop and weeds were mowed with a 
tractor-drawn mower, killed by spraying Round-Up [N­
(phosphonomethyl) glycine, 3.0 lb acre-1] in no-till plots, 
and incorporated into the soil in chisel and moldboard 
plots. Residues were allowed to decompose in the soil for 
two weeks. 

In April from 1995 to 1997, P (from triple 
superphosphate) and K (from muriate of potash) were 
broadcast each at the rate of 50 lb acre-1, along with 60 lb 
acre-1 of Diazinon, 5G [Diethyl 0-(2-isopropyl-6 methyl-4 
pyrimidinyl) phosphorothioate] to control cutworms and 

0.50 lb acre-1 of Treflan (2, 6-dinitrianiline) to control 
weeds. Chisel and moldboard plots were harrowed, 
plowed, and leveled. Five-week-old tomato seedlings were 
transplanted at a spacing of 3 ft x 3 ft. Starter solution 
containing 0.4 oz N, P, and K gallon-1 (0.36 lb acre-1) was 
applied to each tomato plant after one week to encourage 
rapid establishment. Nitrogen fertilizer (nitrate of soda) was 
split into three doses, each broadcast at three-weeks 
interval from the date of transplanting. Irrigation was 
applied soon after fertilization in dry soil to minimize its 
loss and as needed. 

In July 1996 and 1997, two minirhizotron acrylic tubes 
(2 in diam. by 36 in long) were installed 10 ft apart in the 
middle rows from 0 to 28 in soil depth at an angle of 15o 

with the vertical and 6 in away from the base of the plant 
(Box et al., 1989; Box, 1996). Root observations were 
taken at 2.5 in increment from 1 to 22.5 in depth during 
tomato growth using a minirhizotron camera (0.6 in by 0.5 
in) attached to a rod (Bartz Technology, Santa Barbara, 
CA). The camera was inserted into the tube and the picture 
of the root in the soil profile at a particular depth was 
transmitted to a VCR attached to a backpack and recorded 
on a tape. 

In July and August 1995 to 1997, tomato fruits was 
harvested every 3 to 4 d as the color turned from green to 
pink. These were picked from five plants in the two middle 
rows (45 ft2 area), cut into slices, weighed, oven-dried, and 
ground to 0.04 in. At the final harvest in August, tomato 
plants were cut 1in above the ground, separated into leaves 
and stems, oven-dried, weighed, and ground to 0.04 in. 
Soil samples were collected at 0- to 4- and 4- to 12-in 
depths one month after cover crop incorporation in May 
1996 and 1997 from five places within the two middle 
rows with a push tube (2 in diam.). These were 
composited, air-dried, and sieved to 0.08 in. 

Laboratory Analysis 
The N concentration in the cover crop and tomato 

samples was determined by the method described by Kuo 
et al. (1997b). The C concentration in the cover crop 
sample was determined by the Walkley-Black method 
(Nelson and Sommers, 1982), assuming that all plant C 
was oxidized during digestion. Nitrogen and C accumulated 
in the cover crop and N taken up by tomato 
(leaf+stem+fruit) was determined by multiplying dry matter 
yield by N concentration. 

Nitrate and NH4 concentrations in the soil were 
determined by steam distillation (Keeney and Nelson, 
1982). Inorganic N concentration was determined as the 
sum of NH4 and NO3. Total N was determined by the 
Kjeldahl method (Bremner and Mulvaney, 1982), and 
organic N was determined as the difference between total 
and inorganic N. Organic C was determined by the 
Walkley-Black method. Mineralizable C and N was 
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determined by the method described by Franzluebbers et 
al. (1995). 

Root images recorded by minirhizotron camera were 
displayed in a monitor and number of roots in-2 soil profile 
area were calculated. The number of roots obtained from 
two tubes per plot were averaged to minimize variation 
within the plot and average value was used for a treatment 
(Hendrick and Pregitzer, 1992). Total number of roots 
(TNR) was calculated by adding number of roots from 1 
to 22.5 in depth. 

Data Analysis 
Data for soil and plant parameters were analyzed 

statistically using the MIXED procedure of SAS (Littell et 
al., 1996). Sources of variation included tillage, cover crop, 
N fertilization, and their interactions. The least square 
means test was used to determine the significant difference 
between the means when treatment interactions were 
significant. Statistical significance was evaluated at P#0.05. 

RESULTS AND DISCUSSION 

Cover Crop Characteristics 
Tillage and N fertilization to tomato did not influence 

cover crop biomass yield, N concentration, N 
accumulation, C accumulation, or C:N ratio (Table 1). In 
contrast, hairy vetch had two- to threefold greater biomass 
yield, one-and-a-half to twofold greater N concentration, 
three- to sixfold greater N accumulation and two- to 
fourfold greater C accumulation than weeds in the no hairy 
vetch treatment. The C:N ratio was lower in hairy vetch 
than weeds in the no hairy vetch plot. Because of higher N 
concentration, N accumulation in cover crop was greater in 
1996 than in 1997. 

Tomato Yield and Nitrogen Uptake 
Tillage influenced tomato fresh fruit yield, total (stems 

+ leaves + fruits) dry matter yield, and N uptake in 1996 
(Table 2). In contrast, cover crop and tillage x N 
fertilization interaction influenced tomato fresh fruit and 
total dry yield and N uptake in 1997. Tomato fresh fruit 
and total dry yield were significantly greater in chisel or 
moldboard than in no-till, and N uptake was significantly 
greater in chisel than in no-till in 1996. In 1997, tomato 
fresh fruit and total dry yield and N uptake were greater 
with hairy vetch than with no hairy vetch. Similarly, 
tomato fresh fruit and total dry yield were greater in 
moldboard with 80 lb N acre-1 or in no-till with 160 lb N 
acre-1 than in chisel with 80 lb N acre-1 or in moldboard 
with 0 lb N acre-1. Nitrogen uptake was greater in no-till 
with 160 lb N acre-1 than in chisel with 80 or 160 lb N 
acre-1 or in moldboard with 0 lb N acre-1. 

Lower tomato fresh fruit and total dry yield and N 
uptake in no-till than in chisel or moldboard in 1996 may 

have resulted from lower root growth at certain soil depths. 
In a related study, Singh and Sainju (1998) found that the 
number of roots in-2 soil profile from 7.5 to 22.5 in depth 
was 65% lower in no-till than in moldboard in 1996. This 
layer of soil may be important for plant roots to absorb 
moisture and nutrients, thereby influencing shoot growth. 
In contrast, greater tomato fresh fruit and total dry yield 
and N uptake with hairy vetch than with no hairy vetch in 
1997 may have resulted from higher N concentration and 
accumulation (Table 1). Increased tomato growth with 
hairy vetch compared with no hairy vetch or control were 
obtained by several researchers (Shennan, 1992; Kelley et 
al., 1995; Abdul-Baki et al., 1996). Similarly, increased 
tomato yield with increasing N fertilization rate were 
reported by Garton and Widders (1990), Liptay and 
Nicholls (1993), and Vavrina et al. (1998). 

Nitrogen recovery [(N uptake in treatment-N uptake in 
control)/N applied] in tomato total dry yield was 52% for 
N applied from hairy vetch residue in 1997. Similarly, N 
recovery from 80 lb N acre-1 was 14% and from 160 lb N 
acre-1 was 9%. In 1996, N recovery in tomato was even 
lower. Sweeny et al. (1987) reported that N recovered by 
tomato ranged from 32 to 53%. Averaged across the 
treatments, tomato fresh fruit and total dry yield was 6 % 
greater and N uptake was 22% greater in 1997 than in 
1996. This may have resulted from higher rainfall in 1997 
than in 1996. Total rainfall from April to August was 8.02 
in greater in 1997 (24.02 in) than in 1996 (16.00 in). 

Tomato Root Growth 
Tomato TNR was influenced by cover crop x N 

fertilization interaction in 1996 and tillage in 1997 (Table 
3). The TNR was significantly greater in no hairy vetch 
with 160 lb N acre-1 than in hairy vetch with 0 lb N acre-1 

in 1996. Similarly, TNR was significantly greater in no-till 
than in moldboard in 1997. Averaged across the 
treatments, TNR was more than threefold greater in 1996 
than in 1997. 

Although TNR was similar between no-till and 
moldboard in 1996, Singh and Sainju (1998) measured 
68% greater number of tomato roots from 7.5 to 22.5 in 
depth in moldboard than in no-till. This was because most 
of roots grew above 7.5 in depth, regardless of tillage. 
Highest concentration of roots, especially fine roots, occur 
near the surface soil which is rich in organic matter, 
nutrients, cation exchange capacity, and porosity and low 
in bulk density (Sainju and Good, 1993; Singh and Sainju, 
1998). Fine roots constitute a large proportion of total root 
biomass and are important in water and nutrient absorption 
(Parker and Van Lear, 1996). In contrast, greater TNR in 
no-till than in moldboard in 1997 may have resulted from 
superior moisture conservation and cooler temperature in 
the surface soil (Merrill et al., 1996). 

Greater TNR in no hairy vetch with 160 lb N acre-1 
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than in hairy vetch with 0 lb N acre-1 in 1996 may have 
resulted from increased N availability from fertilizer N than 
from hairy vetch residue. This is because hairy vetch may 
have released N slower than N fertilizer. Legumes release 
N slower than N fertilizer (Ladd and Amato, 1986; 
Schepers and Fox, 1989). Increased tomato root growth 
following N fertilization were observed by several 
researchers (Weston and Zandstra, 1989; Widders, 1989; 
Garton and Widders, 1990). 

Increased TNR in 1996 compared with 1997 may have 
resulted from increased temperature and low rainfall. The 
average monthly temperature in May was 6.5oF greater and 
in June was 4.3oF greater in 1996 than in 1997. Increased 
temperature to 95oF stimulates root elongation (Logsdon et 
al., 1987), rate of branching (Box, 1996), and dry matter 
biomass (Walker, 1969; Voorhees et al., 1981). Little rain 
in April and May 1996 was compensated by timely 
irrigation, thereby promoting root growth. In 1997, 
excessive rain that fell from June to 
August may have slowed root growth. 

Soil Carbon and Nitrogen 
In 1996, tillage influenced mineralizable C, organic C, 

and organic N at 0- to 4- and 4- to 12-in depths (Table 4). 
Similarly, N fertilization influenced inorganic N and 
mineralizable N at 0- to 4- and 4- to 12-in. In 1997, tillage 
influenced mineralizable C, mineralizable N, and organic C 
at 0- to 4-in and organic N at 0- to 4-in and 4- to 12-in. 
Cover crop influenced inorganic N at 4- to 12-in and 
mineralizable N at 0- to 4- and 4- to 12-in. 

Nitrogen fertilization increased inorganic N and 
mineralizable N compared with no N fertilization in 1996 
(Table 5). Inorganic N and mineralizable N, however, were 
similar with 80 and 160 lb N acre-1 at 4- to 12-in. In 1997, 
mineralizable N was significantly greater in no-till than in 
moldboard at 0- to 4-in. Similarly, hairy vetch produced 
greater inorganic N at 4- to 12-in and mineralizable N at 0-
to 4- and 4- to 12-in than no hairy vetch. 

At 0- to 4-in, mineralizable C and organic N were 
greater in chisel than in moldboard and organic C was 
greater in no-till or chisel than in moldboard in 1996 (Table 
6). In contrast, at 4- to 12-in, mineralizable C and organic 
C were greater in moldboard than in no-till or chisel and 
organic N was greater in moldboard than in no-till. 
Similarly, in 1997, no-till or chisel had greater mineralizable 
C, organic C, and organic N than moldboard at 0- to 4-in. 
At 4- to 12-in, moldboard had greater organic N than no-
till. 

Greater mineralizable C, mineralizable N, organic C, 
and organic N in no-till or chisel than in moldboard at 0- to 
4-in may have resulted from surface placement or less 
incorporation of cover crop or tomato residue in the soil. 
When residue is placed in the surface in no-till or less 
incorporated into the soil in chisel than in moldboard, soil 

microorganisms have less contact with the residue for 
decomposition. As a result, C and N are conserved better 
at the surface soil in no-till or chisel than in moldboard 
(Franzluebbers et al., 1995; Havlin et al., 1990; Salinas-
Garcia et al., 1997). In contrast, greater mineralizable C, 
organic C, and organic N in moldboard than in no-till or 
chisel at 4- to 12-in may have resulted from incorporation 
of plant residue at greater depth(Blevins et al., 1983). 
Increased soil organic C and N in no-till compared with 
conventional till at 0- to 2-in were reported by several 
researchers (Blevins et al., 1983; Franzluebbers et al., 
1995; Havlin et al., 1990; Salinas-Garcia et al., 1997). 
Similarly, increased soil organic C and N in conventional till 
compared with no-till at 2- to 6-in was reported by Blevins 
et al. (1983). 

Increased inorganic N and mineralizable N with hairy 
vetch compared with no hairy vetch in 1997 may have 
resulted from higher N concentration and accumulation 
(Table 1). Increased inorganic N and mineralizable N with 
legumes compared with non-legumes were observed by 
several investigators (Bonde and Rosswall,1987; 
Frankenberger and Abdelmagid, 1985; Kuo et al., 1996; 
Kuo and Sainju, 1998). Similarly, increased inorganic N 
and mineralizable N with increasing N fertilization were 
observed by Franzluebbers et al. (1995) and Salinas-Garcia 
et al. (1997). 

Averaged across the treatments, inorganic N was 62% 
greater, mineralizable N was 43% greater, and 
mineralizable C was 52% greater in 1996 than in 1997. In 
contrast, organic C was 17% greater and organic N was 
10% greater in 1997 than in 1996. This may be due to the 
difference in the amount of C and N added in cover crop 
residues and climatic conditions between 1996 and 1997. 
Cover crop C and N added to the soil were greater in 1996 
than in 1997 (Table 1). As a result, more C and N were 
mineralized in 1996 than in 1997, thereby resulting in 
increased inorganic N, mineralizable N, and mineralizable 
C. Cover crops mineralize half of C and N within 2 to 9 
weeks of their incorporation into the soil (Kuo et al., 
1997a, b). Furthermore, increased temperature in May and 
June in 1996 compared with 1997 may have increased C 
and N mineralization, because soil organic matter 
mineralizes rapidly with increasing temperature to 95oF 
(Alexander, 1977). In contrast, decreased mineralization 
may have increased organic C and organic N in 1997 
compared with 1996. 

CONCLUSIONS 

Management practices including tillage, cover 
cropping, and N fertilization, and climatic factors 
such as temperature and rainfall, influenced tomato 
root and shoot growth and soil organic matter 
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(organic C and N) level. While no-till decreased 
tomato yield and N uptake, it promoted root growth 
and increased C and N concentrations in the surface 
soil compared with moldboard. Because of high N 
accumulation, hairy vetch increased soil inorganic N, 
mineralizable N, tomato yield, and N uptake 
compared with no hairy vetch. Similarly, N 
fertilization increased tomato yield and N uptake, root 
proliferation, and soil inorganic and mineralizable N 
compared with no N fertilization. Warmer weather in 
1996 enhanced root growth and soil C and N 
mineralization, but higher rainfall in 1997 increased 
tomato yield and N uptake. Because of reduced C and 
N mineralization and soil erosion but similar tomato 
yield and N uptake compared with moldboard 
plowing, minimum tillage, such as chisel plowing, 
followed by hairy vetch cover cropping and 80 lb N 
acre-1 should be practiced for improving soil and 
water quality over conventional tillage and for 
sustaining tomato yield. 
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Table 1. Biomass yield, N concentration, N accumulation, C accumulation, and C:N ratio of cover crops. 

Biomass Yield N concentration N accumulation C accumulation C:N ratio 

Cover Crop 1996 1997 1996 1997 1996 1997 1996 1997 1996 1997 

-----ton acre-1----
-

--------%--------

-


--------------------lb acre-1-----------

Hairy vetch 2.44aH 1.86a 0.38a 0.19a  184a 69a 2153a 1628a 11.7a 23.6a 

No hairy vetch 0.87b 0.85b 0.19b 0.14b 33b 24b 594b 775b 18.0b 32.3b 
(weeds) 

H Within a column, numbers followed by the same letter are not significantly different at P#0.05 by the least square means test. 
*, **, and *** Significant at P#0.05, 0.01, and 0.001, respectively; NS, not significant. 
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Table 2. Tomato Yield and N Uptake as Influenced by Tillage, Cover Cropping, and N Fertilization. 

Treatment N Rate Fresh fruit yield 
fruits) dry yields 

Total (stem + leaves + N Uptake 

1996 1997 1996 1997 1996 1997


lb ac-1 ton acre-1 ton acre-1 lb acre-1 

Tillage 

No-till 15.6b  ---- 1.22b ---- 62.1b ----

Chisel 29.6 a ---- 1.66 a ---- 96.0 a ----

Moldboard 28.1 a ---- 1.58 a ---- 90.7 ab ----

Cover crop 

Hairy vetch ---- 28.1 a ---- 1.74 a ---- 112.7 a 

No hairy vetch ---- 22.9 b ---- 1.42 b ---- 89.3 b 

Tillage x N fertilization 

No-till 0 ---- 23.7 ab ---- 1.47 ab ---- 93.5 ab 

80 ---- 26.0 ab ---- 1.61 ab ---- 101.3 ab 

160 ---- 29.2 a ---- 1.81 a ---- 119.9 a 

Chisel 0 ---- 24.0 ab ---- 1.49 ab ---- 99.4 ab 

80 ---- 22.4 b ---- 1.39 b ---- 87.9 b 

160 ---- 23.1 ab ---- 1.43 ab ---- 95.1 b 

Moldborad 0 ---- 22.6 b ---- 1.40 b ---- 87.5 b 

80 ---- 30.5 a ---- 1.89 a ---- 117.3 ab 

160 ---- 28.1 ab ---- 1.74 ab ---- 106.6 ab 

Significance 

Tillage (Till) * NS  * NS  * NS 

Cover crop (Crop) NS * NS  * NS NS 

Till x Crop NS NS NS NS NS NS 

N NS  * NS  * NS  * 
Fertilization(Fert) 

Till x Fert NS  * NS  * NS  * 

Crop x Fert NS NS NS NS NS NS 

Till x Crop x Fert NS NS NS NS NS NS 
H Within a column of a treatment, numbers followed by the same letter are not significantly different at P< 0.05 by the least square means test. 
* Significant at P< 0.05; NS, not significant. 
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Table 3. Tomato total number of roots from 1 to 22.5 in soil depth measured by minirhizotron method as influenced by 
tillage, cover cropping, and N fertilization. 

Treatment N rate 1996 1997 

No-Till


Moldboard


Hairy vetch


No hairy vetch


Tillage (Till)


Cover crop (Crop)


Till x Crop


N fertilization (Fert)


Till x Fert


Crop x Fert


Till x Crop x Fert


lb ac-1 

0 

180 

0 

180 

no. roots in-2 soil profile 

Tillage 

102.9 a H 

111.3 a 

Cover crop x N fertilization (lb acre-1) 

89.7 b 

108.6 ab 

130.2 a 

99.8 ab 

Significance 

NS 

NS 

NS 

NS 

NS 

0 

NS 

40.1 a 

17.4 b 

28.6 a 

26.5 a 

37.9 a 

22.1 a 

* 

NS 

NS 

NS 

NS 

NS 

NS 
H Within a column of a treatment, numbers followed by the same letter are not significantly different at P#0.05 by the least square means test. * 
Significant at P#0.05; NS, not significant. 

Table 4. Analysis of variance for soil C and N under tomato. 

Sources Inorganic N Mineralizable C Mineralizable N Organic C Organic N 

Depth (in.)H 0-4 4 -12 0-4 4 -12 0-4 4 -12 0-4 4 -12 0-4 4 -12 

1996


Tillage(Till) NS NS NS * NS NS * * * NS 

Cover Crop (Ccrop) NS NS NS NS NS NS NS NS NS NS 

Till x Ccrop NS NS NS NS NS NS NS NS NS NS 

N Fertilization (Fert) *** * NS NS *** * NS NS NS NS 

Till x Fert NS NS NS NS NS NS NS NS NS NS 

Ccrop x Fert NS NS NS NS NS NS NS NS NS NS 

Till x Ccrop x Fert NS NS NS NS NS NS NS NS NS NS 

1997 

Tillage(Till) NS NS ** NS * NS * NS * NS 

Cover Crop (Ccrop) NS * NS NS * * NS NS NS NS 

Till x Ccrop NS NS NS NS NS NS NS NS NS NS 

N Fertilization (Fert) NS NS NS NS NS NS NS NS NS NS 

Till x Fert NS NS NS NS NS NS NS NS NS NS 

Ccrop x Fert NS NS NS NS NS NS NS NS NS NS 

Till x Ccrop x Fert NS NS NS NS NS NS NS NS NS NS 
H 0 to 4 in soil depth; 4 to 12 in soil depth. *, **, and *** Significant at P#0.05, 0.01, and 0.001, respectively; NS, not significant. 
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Table 5. Soil Inorganic and Mineralizable N under Tomato as Influenced by Tillage, Cover Cropping, and N Fertilization. 

Treatment Inorganic N Mineralizable N 

Depth (in.) H 0-4 4-12 0-4 4-12 

------------------------------------------- lb acre-1 -----------------------------------------

1996 

N fertilization (lb acre-1) 

0 30.2c' 67.3 b 41.2 b 87.6 b 

80 37.6 b 87.6 a 46.2 b 110.1 a 

160 46.9 a 77.6 ab 60.3 a 102.2 ab 

1997 

Tillage 

No-till 22.5 a 56.5 a 38.8 a 80.5 a 

Chisel 19.3 a 49.9 a 33.2 ab 69.4 a 

Moldboard 16.4 a 49.6 a 26.5 b 64.2 a 

Cover Crop 

Heavy vetch 23.1 a 70.2 a 39.1 a 88.7 a 

No hairy vetch 15.5 a 33.8 b 26.6 b 53.9 b 
H 0 to 4 in soil depth; 4 to 12 in soil depth. ' Within a column of a treatment, numbers followed by the same letter are not significantly different at P#0.05 
by the least square means test. 

Table 6. Soil mineralizable C, organic C, and organic N under tomato as influenced by tillage. 

Tillage Mineralizable C Organic C Organic N 

Depth (in.)H 0-4 4-12 0-4 4-12 0-4 4-12 

---------lb acre-1--------- --------ton acre-1------ --------ton acre-1--------

1996 

No-till 202.4ab' 301.8b 8.50a 14.65b 0.40ab 0.70b 

Chisel 205.2a 325.2b 8.85a 14.12b 0.46a 0.74ab 

Moldboard 168.8 b 414.5 a 7.03 b 17.69 a 0.34 b 0.85 a 

1997 

No-till 151.7a 195.4a 10.3a 20.46 a 0.49a 0.92 a 

Chisel 156.7 a 257.4 a 9.07 a 17.95 a 0.44 a 0.86 ab 

Moldboard 76.5 b 223.9 a 7.59 b 17.56a 0.33 b 0.77b 
H 0 to 4 in soil depth; I 4 to 12 in soil depth. ' Within a column of a treatment, numbers followed by the same letter are not significantly different at 
P#0.05 by the least square means test. 
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