
AlFAlFA SHOOT AND ROOT GROWTH UNDER TRAFFIC CONDITIONS

At the USDA Cotton Research Station in Shafter, California, we are examining how

different agricultural systems affect crop growth. We are looking at two systems. The
first system is the conventional method of tillage, cultivation, and harvesting. The
second system is the controlled traffic or zone production system where all traffic fs

conffned to specffic wheel paths wfthfn the field. A wide tractive frame spanning 10
meters allows us to apply cultural practices, make measurements, and harvest wfthfn 10
meter wfde areas wfthout applyfng wheel trafffc to the plots.

In examining the differences between these two systems, the conventional versus the

zone production, we are essentially measuring and ascertaining the effects of soil com-

paction and crown damage done to alfalfa by harvesting traffic. Meek et al. (1983) have
previously reported on the difference in bulk densities, infiltration, and yield between
those two systems. This report will focus on the dynamics of root density profiles, how

these profiles are related to water use, and shoot growth rates.

METHODS

The study consists of several treatments representing different degrees of traffic.
There are 24 plots (4 treatments and 6 replications) each 33 meters by 10 meters. The soil

is a Wasco sandy loam with a field capacity of approximately 5.58 cm. The treatments are:

None = No compaction before or during planting and no wheel traffic during harvests

Preplant = Compacted before planting with a John Deere 4020 (100% of the area) and no

wheel traffic during harvest.

Repeat = Compacted before planting with a John Deere 4020 (100% of the area) and wheel

traffic applied over 100% of the plot every time the alfalfa was chopped or

one day later using a John Deere tractor 2020 (5.000 lbs. applied to each
rear tire. which would be similar to the weight applied by a swather).

Grower = Compacted during planting and harvests similar in timing and weight to that

used by growers. There are four different degrees of traffic within this treat-

ment: Zero (no traffic), and Low, Medium, and Heavy traffic as determined by
size and weight of tires used to administer the traffic.

To achieve low soil bulk densities the field was chiseled to a 60 cm depth on 33 cm

centers using the wide tractive frame. Compaction was applied to the three treatments:

Preplant, Repeat, and Grower. The field was planted october 20, 1982, and then sprinkle
irrigated to assure good seed germination and seedling emergence. The information presented
in this paper is from the 1984 growing season.

Soil water was determined by a neutron Inoisture gauge. There is one gauge access tube

randomly placed in each plot. The amount of soil water was determined 2 to 5 times between
each harvest.

Root densities for each treatment were determined three times during the 1984 season,
March 1, June 26, and October 10. March represents the time of renewed spring growth,

June 26 is during peak summer growth, and October 10 represents the onset of winter dormancy.

Six soil samples were randomly taken from each plot to a depth of 180 cm and bulked. The
bulk samples were then processed to remove the roots from the soil. Total root length for

each sample was determined and the density for specific depths was calculated in cm of
roots per cubic cm of soil.

Shoot growth rates were determined twice during the 1984 season. Total biomass and
leaf area were determined from 30 cm square subsamples taken from each plot at six day

intervals.
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RESULTS

The root density profiles for March revealed a bimodal distribution (Fig. 1). The top
10 cm had a relatively large concentration of roots. This decreased sharply to the depth
of plowing. At this point there was an increase in roots between the 60 to 120 cm zone

with a decline to 180 cm. The two non-trafficked plots have essentially the same profile
as the Repeat traffic plots. The root profile from the Grower treatment, represents that

taken from just the heavy traffic lane in the field. There were significantly fewer roots
in this treatment than in the other three treatments. Given this information we decided

it would be expedient to determine the root density profile in the zero traffic portion of
the Grower treatment which was adjacent to the heavy traffic lane.

From the June root profiles there was a substantial increase in root density with the
same bimodal distribution (Fig. 2). A predominance of roots occurred between the 60 to

120 cm depth with less occurring in the top 60 cm as compared to the March root profile.
In June 60 to 70 percent of the roots were below 60 cm.

The June sampling date included both the Grower heavy and zero traffic root density

profiles. Again in the Grower heavy lanes there were significantly fewer roots than in
the other three treatments. The Grower zero lane had an abundance of roots that surpassed

the other three treatments.

The October root profiles (Fig. 3) continue the trend shown from the previous two

samplings. The noted differences were the substantial increase in roots at the 60 to 120
cm level in the Repeat treatment and more roots in the entire Grower zero traffic profile.

The water uptake patterns (Fig. 4-6) correspond in some degree to the root density

profiles (only the None, Preplant, and Repeat treatments are presented). In the spring,
water uptake was greatest in the top 30 cm and declines uniformly to 180 cm (Fig. 4).

For water uptake determined throughout mid-summer (Fig. 5) there was a bimodal curve similar
to that of the root density determined in late June. The 30 to 60 cm depth had less water

uptake than either the top 0-30 cm depth or the 60 to 150 cm depth. Water uptake for
October (Fig. 6) was similar for that during mid-summer, but with a less distinctive bimodal

characteristic.

Shoot growth rates and leaf area inches for the April-May and July-August harvest
cycles are presented in Figures 7 and 8. In both measurements the None and Preplant treat-

ments were more productive than the Repeat traffic treatment. In the early season growth
cycle the Repeat treatment plants had almost ceased growth at the time of harvest, whereas
plants in the None and Preplant treatments were still in an exponential growth phase. In

the second sampling all three treatments were in an accelerated growth phase with the

Repeat plants 20 percent less than the None and Preplant treatments. In the Grower treat-
ment plots those lanes with medium and heavy traffic had somewhat less growth than occurred
in the Repeat treatment. The growth rates for plants from the zero traffic portion of the

Grower plots were similar to the None and Preplant treatments.

DISCUSSION

The bimodal distribution of roots is not dependent on degree of traffic applied. but

appears to be related to the tillage history of the field. The traffic applied to the
Repeat treatment did not seem to adversely affect root growth and density from March to

June. By October there was a significant increase (at the 10% level) in root density at
the 45 to 90 cm depths in the Repeat treatment as compared to the None and Preplant treat-

ments. A significant increase in Repeat root densities from the June sampling to the
October sampling was also observed (statistical data not presented). This response in the

Repeat plots is possibly due to relatively high environmental stress. This stress was
brought on by increased soil compaction and its ramification in less water uptake (Fig.
5-6). from O to 45 cm. as compared to the other non-traffic treatments (Meek et al, 1983).
Root density then increased in the more equitable soil environment below the compaction

zone.

The root density profiles in the Grower treatment represent a situation different than
that observed in the other three treatments. Throughout the whole season there were signi-

ficantly fewer roots in the heavy traffic profile than observed elsewhere. In contrast
the zero traffic profile had significantly higher root densities than the other treatments.
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Extensive crown damage from traffic and subsequent decreased shoot and root growth has
occurred to plants in the heavy traffic lane. Those adjacent plants in the zero traffic
area should now be in a situation allowing them to exploit the environment not utilized by

plants in the heavy traffic lane. The soil profile below the compaction zone, 0-45 cm, is
such an environment available for root growth from plants of the zero traffic area. This

was not observed in the present study. There was a dearth of roots throughout the whole

soil profile under the heavy treatment. A relatively high root density occurred in the

adjacent soil profile below the zero treatment. We have evidence that the soil compaction,
caused by heavy tractor traffic, was decreasing water infiltration in this zone resulting
in a drier soil water profile to a depth of 90 to 120 cm. This created an environment

unsuitable for root growth and fostered the root density profiles we have observed.

Tractor traffic also affected shoot growth rates and productivity. This is exemplified

in the first April-May sampling. In the Repeat treatment the growth rate was slower, leaf
area development was slower, and shoot biomass was culminating in a plateau as compared to

the None and Preplant treatments. A similar situation was observed with the medium and
heavy Grower treatments. Here, though, there was a 10 to 12 day lag period in growth as

compared to a 5 to 7 day lag period for the other treatments. This may be reflecting a
change in carbohydrate partitioning from typical shoot regrowth of undamaged crowns to
that needed to alleviate injury in damaged crowns.

CONCLUSIONS

The effects of traffic on alfalfa are not transitory. The rate of shoot growth, from

swathing to next harvest, is impacted by the crown damage done at time of traffic. In a

grower's field heavy traffic lanes may, besides having reduced yields, create a soil envi-

ronment, through compaction, that cannot be utilized to the crops benefit. These heavy
traffic lanes are taken out of potential productivity in terms of shoot growth and root

development. In all treatments the initial tillage adversely affected, in a way yet to be
determined, root density and water uptake at the 20-45 cm depth. The treatments represent-
ing the controlled traffic or zone production system created a biotic and abiotic environ-
ment that promoted and maintained a healthy efficient crop. Total production was greater

and the soil profiles were more efficiently utilized by the plants grown in the zone produc-
tion system.
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Fi gure 8. Cumulative Leaf Area Index

April 16- May 16, 1984
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