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ABSTRACT

Agronomic intercropping systems involve growing grasses, legumes and row crops
simultaneously in the same area to increase productivity, nutritive value, and economic viability.
The purpose of this study was to determine the potential yield and nutritive value of corn (Zea
mays L.) when intercropped with alfalfa (Medicago sativa L.) and crabgrass [Digitaria sanguinalis
(L.)] to be used in silage production. These species were in a combination of corn (C), alfalfa (A),
alfalfa + corn (AC), and alfalfa + corn + crabgrass (ACC) and was throughout the growing season
of 2022 to 2024 at the Middle Tennessee Research and Education Center (MTREC) Spring Hill,
TN. Samples were collected for forage mass (FM) and nutritive value. Alfalfa yield did not differ
within the 2 growing seasons, but it differs within treatment (P < .05). The proportion of alfalfa
was higher in 2023 than 2024 (P < .05). Crabgrass proportion was higher in 2024 than 2023 (P
< .05). Corn yield was higher in 2023 than it was in 2024 (P < .05). Overall FM was greater in
2024 than in 2023. Alfalfa improved the crude protein (CP) content of the mixture while crabgrass

improved neutral detergent fiber (NDFd).
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INTRODUCTION
Corn Production

The first cultivation and use of corn (Zea mays L.) was around 10,000 years ago by the
natives of southern Mexico. The corn grown today comes from Balsas teosinte (Zea mays
parvighumis), a wild grass. The spread of corn has reached as far north as southern Maine before
the Europeans arrived in the Americas (Corn | History, Cultivation, Uses, & Description |

Britannica, 2023).

Currently, corn is one of the most valuable grain crops in Tennessee. The total average area
of corn grown for grain in Tennessee ranged from 283,000 to 364,000 ha since 1970, while corn
grown for silage has remained consistent at about 56,000 ha over the same time span. This amounts
to one-fourth of the total average of corn acreage grown in Tennessee in 1930, but increased yields
have tended to offset reduced acreage (Flinchum, 2001). The total acreage of corn grown has
increased to 404 thousand ha in 2021 and a weight of corn has increased from 2.3 to 11.4 tons/ ha
(Flinchum, 2001) (USDA/NASS 2021 State Agriculture Overview for Tennessee, 2021). Corn

production is highly valued among crops in Tennessee at $636 million (Zhou et al., 2022).

Corn is very palatable and readily digestible by monogastric and ruminant animals. Corn
is low in fiber but has about 75% starch on a dry matter (DM) basis, and starch is nearly 100%
digestible form of energy for livestock feed (Loy & Lundy, 2019a). For ruminants, corn silage is
an economical source of fiber and energy. It is comprised of 25 to 35% starch and 40 to 50%
neutral detergent fiber (NDF) (Tharangani et al., 2021). The nutritive value of corn silage can be
affected by hybrid, crop density, growing condition, degree of maturity, the moisture of the crop
when harvested and the condition when it was ensiled. The roughage quality can be decided by

different physical characteristics such as average particle size and density responsible for the



fermentation and aerobic stability (Silva et al., 2015). Some factors that encourage farmers to
produce corn silage include its lower harvest cost, minimal risk of production, and high yield per

hectare (Ferraretto et al., 2018).

However, growing corn for silage production also has negative effects. The removal of the
whole stalk for corn silage can reduce soil N, P, K by twice the amount, three times, and as much
as ten times the amount respectively (Moore et al., 2014), when compared to 25% or more of N,
P, K if the corn stalk remined (Wilts et al., 2004) . Due to corn silage having low crude protein
(CP) concentration, the addition of N fertilizer is essential. One way to economically add N to the
system is to intercrop corn with a forage legume that has a higher CP content like alfalfa (Medicago

sativa) (Allen et al., 2003).

Intercropping Systems

Alfalfa is commonly known as the “Queen of the forages” due to its high productivity and
high nutritive value as a feed source (Barnes, 1980). Alfalfa is a forage legume and is one of the
most used crops worldwide and utilized to support the production of many classes of livestock.
Alfalfa’s genetic variability causes it to be flexible in adapting to a wide array of conditions from
extreme heat- to cold temperatures, drought conditions, and salinity (Alla et al., 2013). It can also
decrease the presence of weeds and pests, while reducing soil erosion and nutrient loss (Osterholz

et al., 2020).

Crabgrass (Digitaria spp.) is an annual warm-season C4 grass, which when used as a forage
has high nutritional value (Sosinski et al., 2022). Crabgrass is normally known for being a weed
due to its rapid growth rate and its ability to regrow year after year, due to its capability to self
reseed (Teutsch et al., 2005a). Furthermore, it is very tolerant to drought, with higher quality of
forage compared to most common summer annual grasses that can be established in a variety of

2



soil pH. When crabgrass is mixed with a legume it could possibly improve soil N, improve yield,

and decrease the cost of fertilizers (Aguerre et al., 2023a).

Cover crops can be defined as crops grown for the sole purpose of ground coverage, that
can protect the soil from nutrient loss and erosion (Reeves, 1994). Cover crops are a sustainable
option to increase biomass following row crop, a form of pest and weed management, and soil
conservation (Snapp et al., 2005). For cover crops to be effective they must be easy to establish,
grow rapidly, have enough ground coverage, provide sufficient DM, not attract pathogens, be easy
to terminate and, ultimately, they should be economically feasible (Belfry & Van Eerd, 2016).
Corn, when compared to other crops, requires a great amount of N to maximize growth and
productivity, and as a result, concern has grown among farmers about the cost fluctuation when

applying N fertilizers that are processed using petroleum (Larson et al., 1998).

To reduce the use of fossil fuel to make N fertilizers, a sustainable way of adding natural
N to the soil is to have a living mulch system (Clark, 2008). Living mulch is a type of live plant-
based cover that is grown between the main-crop rows throughout production (Price, 2012).
Legumes used as living mulch can provide sufficient N to reduce synthetic N fertilizer input
(Coombs et al., 2017). Alfalfa used as a living mulch can be beneficial by enhancing the organic
matter, carbon, and the function of microbes found in the soil (Steenwerth & Belina, 2008) and
improving N fixation in the soil (Sainju et al., 2002). According to Quinby et al. (2020), when
alfalfa is added to a forage mixture, it reduces the accumulation of alfalfa yield year after year. It
was suggested that, despite its role as a living mulch, to minimize the loss of forages, improving
management practices such as the use of herbicides, adjusting planting density, optimizing row

spacing, and increasing fertilizer application, may be beneficial.



Intercropping systems are the combination of two or more crop species grown
simultaneously within the same growing season. They can be grown in alternate rows, wide strips,
or overseeded (Martin & Sauerborn, 2013). In an intercropping system, several combinations of
plants can be used, such as annual plants intercropped with annual plants, annual with perennial
plants, or perennial with perennial plants. The advantages of intercropping systems include
increased production, better use of environmental resources, reduction of pathogens and weeds,
improved stability and uniformity of yield, improved soil fertility and increased soil N (Mousavi
& Eskandari, 2011), improved land use efficiency, and increased plant diversity. Intercropping
grasses with legumes is reported to increase forage productivity and nutrient value (La Guardia

Nave & Corbin, 2018a).

Time is an additional factor highlighting the benefits of intercropping. Since plants mature
at different times, there is reduced competition for nutrients within an intercropping system. This
leads to more efficient utilization of resources, as plants require different nutrients at various stages

of their life cycles, both at separate times and in differing amounts. (Gebru, 2015).

Intercropping systems focusing on forage production such as a legume grown with a grain
can improve resource utilization and increase the yield of all crops involved (Patel et al., 2021).
Alfalfa and corn silage also have complementary nutritional characteristics that can benefit
livestock. Growing and feeding alfalfa with corn silage can improve the economic and
environmental sustainability of livestock and crop production (de Souza & Ferreira, 2017).
Globally, the agricultural practice of intercropping has been increasingly adopted as a more

sustainable agricultural system (Mazzafera et al., 2021).



Objective

Our objective was to determine the productivity, nutritive value, weed suppression capacity and
economic viability of intercropped combination of corn with alfalfa or alfalfa/ crabgrass. We
hypothesized that the system would increase corn productivity and total area use efficiency while

reducing cost and increasing systems sustainability.



CHAPTER 1:
Management and productivity of corn and alfalfa intercropping systems in the Southern

uU.S.



ABSTRACT
Corn (Zea mays L.) can be used to feed both livestock and humans, and whether a

monoculture or intercropped with other forages can increase feed potential and nutrient
composition for livestock in the Southern US. The objective of this study was to determine the
forage mass (FM) nutritive value of corn when grown by itself and intercropped with alfalfa
(Medicago sativa L.) and crabgrass [Digitaria sanguinalis (L)]. The intercropping systems
evaluated were alfalfa (A), corn (C), alfalfa + corn (AC), and alfalfa + corn + crabgrass (ACC)
and were evaluated from 2022 to 2024 at the Middle Tennessee Research and Education Center
(MTREC) Spring Hill, TN. Samples were collected during this period for forage yield, forage
quality, and corn silage yield. Sample collection of alfalfa, height measurements of corn were
collected one month after germination, and monthly during the summer. Weight and nutrient
values were obtained from these samples, and the nutrient content was analyzed using near-
infrared spectroscopy. The measurements included total plot forage mass (FM), crude protein
(CP), neutral detergent fiber digestibility (NDFd), and in vitro true dry matter digestibility
(IVTDMD). Field experiments that were conducted showed that alfalfa yield did not differ within
the 2 growing seasons. In 2023 had a higher proportion of alfalfa than 2024 (P < .05), and in 2024,
showed an increase in crabgrass compared to 2023 (P < .05). Corn silage yield was higher in 2023
than it was in 2024 (P < .05). Overall forage mass (FM) was greater in 2024 than in 2023. Alfalfa
increased the crude protein (CP) content of the mixture while crabgrass made the mixture have a

higher neutral detergent fiber (NDFd).



INTRODUCTION

In the USA, corn (Zea mays L.) is one of the major crops that is grown domestically. Its
total use is approximately 52% for animal feed, 37% fuel and beverage, and 11% devoted to the
development of food products (Rose et al., 2010). Corn is one of the best sources of metabolizable
energy, easily digestible and palatable among monogastric and ruminant animals (Loy & Lundy,
2019b). Corn has a low protein content relative to other feed stuff. Legumes are often added to the
feed to increase feed protein content (Manafi, 2017). For ruminants, protein is very important, and

alfalfa forage can provide a large quantity of protein (Olszewska et al., 2020).

Alfalfa (Medicago sativa) is an important forage species in the US. It is adapted to and can
be produced on a wide range of soils and in many climates and is known as the “Queen of the
forages” because it is high-yielding (Fehr et al., 1980). Alfalfa is a legume, which means it has the
capability to fix N, and reduce the need for synthetic N fertilizer (Solomon et al., 2011).
Additionally, alfalfa can increase forage mass and crude protein content when mixed with other

grasses (Beck et al., 2016).

A mixed or intercropping system is a type of cropping system where two or more crops are
established simultaneously (Smith & Carter, 1998). Intercropping perennial legumes and grasses
has several advantages, such as improving soil quality and productivity through nutrient cycling,
increasing crop yield (Zhang et al., 2007), better land use efficiency (Dhima et al., 2007),
increasing water and nutrient usage (Javanmard et al., 2009), and improving the control of pests

and diseases (Sun et al., 2018).



The objective of this study was to determine the productivity, and nutritive value of
intercropped alfalfa, corn, and crabgrass. We hypothesized the system would increase corn
productivity and total area use efficiency while increasing systems sustainability.

MATERIALS AND METHODS
Site Description

This study was conducted at the Middle Tennessee AgResearch and Education Center
(MTREC) in Spring Hill, TN (35°71°N,86°94°W). The soil for the experiment site located in field
#38C is classified as Huntington silt loam, depressional phosphatic phase; Braxton silty clay loam,
eroded sloping phase; and Maury silt loam, eroded gently sloping phase. Initial soil samples were
collected at 15 cm depth on 9 September 2022 and sent to the University of Tennessee Soil, Plant,
and Pest Center laboratory for analysis (Hanlon and Savoy,2007). In 2022, soil characteristics were
pH 6.1, phosphorus (P) 63 kg ha® (high), potassium (K) 140 kg ha* (medium), calcium (Ca) 2016

kg ha! (sufficient), and magnesium (Mg) 215 kg ha* (sufficient).

The experimental period occurred from September 2022 to September 2024, and the
experimental design used was a randomized complete block design (RCBD) with 5 treatments and
4 replications (n=20). The treatments were as follows: 1) alfalfa (cv. Evermore) grown as a
monoculture (A); (2) corn silage grown as monoculture (C); (3) alfalfa (cv. Evermore) grown as
living mulch and intercropped with corn silage (AC); (4) alfalfa (cv. Evermore) grown as living
mulch and intercropped with corn silage and crabgrass (cv. Mojo) (ACC); (5) corn silage and

crabgrass for weed suppression cv. Mojo) (CC). Individual plots measured 7.3m x 9.1m.

On 31 August 2022, an alfalfa germination test was performed. On 1 September 2022, the
field site was prepared by using a John Deere 4255 with complete cab (John Deere, Waterloo,

lowa) and a Massey Ferguson disk harrow (Massey Ferguson, Hesston KS). The ground was rolled



on 14 September 2022, using a John Deere 750 (John Deere, Yanmar, Japan) and 1.7 cm Brillion
cultipacker (Landoll Corporation, Marysville, KS). The ground was then plowed using a John
Deere 5325 (John Deere, Augusta, Georgia, USA) and a lane plow (John Lane, Homer Township,
[llinois). The field was smoothed and leveled with a John Deere 5325 (John Deere, Augusta,
Georgia, USA) and made in house 12.7 cm tiller box that ran perpendicular to the initial tillage
passes, and finally followed using John Deere 750 (John Deere, Yanmar, Japan) and 5’ Brillion

cultipacker (Landoll Corporation, Marysville, KS).

On 11 September 2023, the ground was tilled using John Deere 5325 (John Deere, Augusta,
Georgia, USA) and John Deere 660 tiller (Howard, United Kingdom), then it was rolled to smooth
the ground using John Deere 2355 (John Deere, Baden-Wurttemberg, Germany) and 10’ John
Deere cultipacker (John Deere, Grovetown, Georgia). The following day the lanes were plowed
using a John Deere 5325 (John Deere, Augusta, Georgia, USA) and a lane plow (John Lane, Homer
Township, Illinois). On 15 September 2022, and 14 September 2023, alfalfa (Evermore) was sown
using a John Deere 2355 (John Deere, Baden-Wurttemberg, Germany) and a Hege 100 series plot
drill (Hege Company, Waldernburg, Germany, F.R.) with a spacing of 17 cm and a seeding rate

of 22 kg ha™™.

On 16 March 2023, fertilizer was applied to the alfalfa plots by hand. The plots with alfalfa
received Potash (K) 212 kg ha, Boron (B) 2.2 kg ha while, the plots with no alfalfa received
Potash (K) 89 kg ha*. On 7 November 2023, the plots were sprayed with 2-4, DB 200 (2 L hal),
and Jette 80/20 (1 L/ 378 L water) using a John Deere 750 (John Deere, Yanmar, Japan) and a 190
L plot sprayer (Willmar Fabrication, Benson, MN). On 27 February 2024, the same application of

fertilizer was done as mentioned before.
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On 18 April 2023, a John Deere 5325 (John Deere, Augusta, Georgia, USA) with a 4-row
John Deere 1750 planter (John Deere, Christiansburg, Virginia) was pulled through the plots to
mark where rows would be. The plots were then sprayed for initial burndown with glyphosate (4.4
kg hal); 2, 4-D Amine (0.9 kg ha*); and Preference 1.4 L/ 378 L using a John Deere 2355 (John

Deere, Mannheim, Baden-Wurttemberg, Germany) and a home-made hooded sprayer.

On 3 May 2023, and 13 May 2024 corn varieties Beck’s 6886 VR (2023) and cv. Dynagrow
D58VC65RIB (2024) were intercropped with alfalfa at a depth of 3 cm and a density of 79,040
seeds ha. The planting was done using a New Holland TS100 (New Holland, Basildon, England)
and a John Deere 1750 4-row planter (John Deere, Christiansburg, VA). Concurrently, crabgrass
(Mojo) was sown at a density of 3.2kg ha® using John Deere 2355 (John Deere, Baden-
Wurttemberg, Germany) a Hege 1000 series plot drill (Hege Company, Waldernburg, Germany,

F.R..

On 4 May 2023, the plots were sprayed with Python (73 ml hat), Gramoxone (3500 ml ha-
1y, Zidua SC (290 ml hal), and Preference (1420 ml/ 378 ). This was done using the John Deere

2355 (John Deere, Mannheim, Baden-Wurttemberg, Germany) and a home-made hooded sprayer.

On 16 March 2023 and 27 February 2024, an application of fertilizers Potash (K) and Boron
(B) was applied by hand on the site. The soil test recommended K (213 kg ha) and B (2.2 kg ha
1) fertilizers which were portioned into different bags to be applied to the plots that had alfalfa.
The plots that didn’t have alfalfa received K (90 kg ha*). A handful of fertilizer was spread onto

the plot every few steps until the bag was empty, ensuring an even distribution.
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Alfalfa and Crabgrass Measurements

In both years, forage samples were collected monthly from 6 May 2023 to 21 August
2023 and from 5 May 2024 to 28 August 2024. Total above ground dry matter (DM) and forage
mass (FM) were measured at each sampling date in each plot by randomly placing a 0.1 m? Pvc

square over the sample area and hand-clipping the forage within the 0.1 m? quadrat.

Collected samples were also used to estimate botanical composition and forage nutritive
value. Samples were separated into botanical components (alfalfa, crabgrass, and weeds). After
drying, samples were weighed to determine the total DM, FM and the botanical composition and
recombined for the determination of nutritive value. Samples were then ground using the Wiley
Mill Grinder (Thomas-Wiley Laboratory Mill Model 4, Arthur H. Thomas Co., Philadelphia, PA)
using a 1 mm screen, and the passed through a Cyclone mill (FOSS Cyclotec, Eden Prairie, MN)
to decrease the particle size (Mclintosh et al., 2022). Before analysis, the samples were placed in
individual foil tins and dried for an additional 30 min in a forced air oven at 55°C to reach
consistent moisture for scanning. The samples were scanned in small ring cups on NIRS
technology (Unity Spectrastar XL-R instrument Unity Scientific, Milford, MA) to determine crude
protein (CP), neutral detergent fiber (NDF), and in vitro true dry matter digestibility 48h
(IVTDMDA48). Equations for the forage nutritive value analysis were standardized and checked
for accuracy with the 2021 Mixed Hay Equation developed, provided, and licensed by NIRS
Forage and Feed Consortium (NIRSC, Berea, KY). The Global H and neighbourhood statistical
test were analyzed for accuracy across a prediction, in which all forage samples fit the equation
with the (H < 3.0) and are reported accordingly (Murray & Cowe, 2004). The units of

measurements for nutritive value analyses are presented at 100% DM across the entire data set.
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Corn measurements

Corn height was measured one month after planting and subsequently once a month after
that. The corn height was measured using a two-meter (2 m) ruler to determine the growth of the
corn stand within the different intercropping plots. Before harvest three (3), corn stands were
selected from various locations within each plot and measured from soil to the tip of the highest
tassel. Also, these 3 selected stocks were used to measure ear height. This was done measuring

from the soil to the base of the lowest ear of corn.

On 21 August 2023, corn silage yield was determined by harvesting the three center rows
of each plot using a John Deere 4255 (John Deere, Waterloo, lowa), with a New Holland 790 (New
Holland, Lancaster, Pennsylvania), New Holland TS100 (New Holland, Basildon, England) and

Lucknow TMR mixer (Helm Welding Limited, Lucknow, Ontario, Canada).

On 28 August 2024, an RCI 36A research forage harvester (RCI Engineering, Michigan,
USA) was used to harvest 2 selected beds from each plot. Samples were taken by hand and placed
in a bag to weigh the wet forage mass. The samples were then placed in a drier at 60 °C for 72 h

to reach a constant weight. The dry weight was then used to calculate the average DM t ha™.

Statistical Analysis

Data from the characteristics of the corn, alfalfa, crabgrass, nutritive value variables,
intercropping forage mass, and silage herbage mass were evaluated using the PROC MIXED
producer and means, adjusted for Tukey’s method for least square means separation in SAS (SAS
for Windows V 9.4, SAS Institute, Cary, NC, USA). The response variables were plant population,
ear length, stand height, forage mass, CP, NDF, and IVTDMD, respectively, by month. The

treatment was considered a fixed effect, and replicate was considered a random effect.
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RESULTS AND DISCUSSION
Weather

Figure 1 demonstrates the precipitation and temperature from 2021 to 2024 and averaged
with thirty years data. In 2021, the average temperature from May to August was 22.9 °C, which
was 0.4 °C below the average 30-yr temperature. Precipitation for the same period was 16.9%
below the 30-yr average. In 2022, the average temperature from May to August was 24.6 °C,
which was 1.3 °C above the average 30-yr temperature. Precipitation for the same period was
55.3% below the 30-yr average. In 2023, the average temperature from May to August was 22.8
oC, which was 0.5 °C below the average 30-yr temperature. Precipitation for the same period was
37% below the 30-yr average. In 2024, the average temperature from May to August was 1 °C,
which was above the average 30-yr temperature. Precipitation for the same period was 41.2%
below the 30-yr average.

Corn silage, alfalfa and forage yield

Table 1. shows the yield of alfalfa differences with treatment (P = 0.0324). There were
differences in total alfalfa yield among the 3 treatments, Treatment A had the highest yield
because this was just alfalfa grown as a monoculture, while the lowest yield was recorded from

intercropping ACC.

As mentioned before, alfalfa was first developed in the fall of 2022, which meant that it
developed as a monocrop, and had the time to establish deep roots and grow better, with higher
yield. Results from Nordquist & Wicks, (1974) showed that planting date can also affect the
yield of alfalfa, stating that fall seeding produces higher yield than spring seeding. Results from
Berti et al., (2021), suggest that the forage yield for alfalfa was high in the first year because it

was seeded in the fall and not in the spring. This did differ from my results which showed no
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Table 1 Alfalfa yield affected by treatment across two consecutive years, 2023 and 2024, in

Spring Hill, TN, U.S.

Treatment Alfalfa
-------------- (kg DM ha?t) -=---mmmmeeem
A 2905 A
AC 2381 A8
ACC 1982 B
SEM 204.2

Means within a column with a common uppercase letter no differ among treatment (P < .05)
SEM = Standard Error Mean. A = alfalfa alone, AC = alfalfa and corn intercropped, ACC = alfalfa, corn and crabgrass intercropped
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difference in alfalfa yield between the two-growing seasons (P = 0.2968), this is why it is
not shown in the table.

Canopy shade from the corn can allow some sunlight to penetrate through the leaves. The
intensity from the sunlight is reduce and is called moderate shade (Dewi et al., 2022). Results
from Pang et al., (2019), reports that some forage grass and legumes when grown under
moderate canopy may have non-significant decrease in biomass or no decrease when compared
to plants that receive direct sunlight. Our results demonstrates that treatment AC even though
had a decrease in alfalfa yield, it did not differ from treatment A (2381 kg DM ha?). Treatment
ACC did differ from treatment A because crabgrass was added and competition for nutrients
arose. Crabgrass being a warm-season annual grass, which has a high nutritional value (Sosinski
et al., 2022), can grow rapidly during the warmer months and out compete cool-season plants for
water and nutrients.

Figure 2 shows corn silage had an interaction both by treatment and by year (P <.0001).
In the first year’s harvest (2023), corn alone (C) had an average mass of 20 DM t ha "%, which
was significantly higher than the other treatments. The weather during the time of planting had
adequate precipitation, which allowed the corn to germinate and grow optimally. During the
same period, the intercropping treatments AC and ACC did not differ (8 DM tha*and 9 DM t
ha " respectively). When corn receives water at critical times of its growth, it produces more
FM. Corn is a plant that requires a substantial amount of water during certain times of growth, 37
days after planting (V6 to V8), water requirements increase at 90 to 94 days after planting

(dough stage), and 110 days after planting (maturity) (Endale et al., 2008).
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In 2024, there were no significant differences between treatments C, AC, and ACC (5t
DM ha ™, 6tDM ha*and 4t DM ha * respectively). Being that 2024 was drier than 2023, there
wasn’t much soil moisture, and this caused the corn to not develop adequately. The soil in the
South-eastern USA has low water retention and lower organic matter, which can be easily
compacted (Radcliffe & West, 2000). It was reported that shortening of the meristem can reduce
leaf growth (Granier et al., 2000), plant height, and tassel articulation, which, in turn, reduces
corn yield (Aslam et al., 2015). Limited soil moisture can disrupt the signal between the legume
and its relationship with soil Rhizobium, negatively impacting root nodulation and N fixing
(Dollete et al., 2024), this leads to reduced cell expansion and division, smaller leaf size, and
decreased elongation of stems and roots, which limits water uptake (Kaushal & Wani, 2016).

Within the two growing seasons (2023 and 2024), there were also differences. This could
be the result of the weather being that 2024 was a drier year than 2023. Also, there was greater
competition for resources since there were more crabgrass and weeds in 2024 than in 2023.

There was a significant difference of 18% FM between the two years. In 2023 there was
approximately 2,600 kg DM ha " of FM that was collected. This is the accumulation of alfalfa,
corn, crabgrass, and weeds. Table 2 showed that even though alfalfa had a higher proportion in
2023 than in 2024, there were no differences in FM, which can be explained by the increase in
the crabgrass proportion resulting in similar FM. In 2024, the results show that the FM was about
3000 DM kg ha * which was an 18% increase from the previous year. Table 3 indicates a
notable increase in crabgrass growth from 2023 to 2024, which corresponds with the overall rise
in FM. Crabgrass can reseed itself and the 2023 harvest occurred when crabgrass had matured

with seed heads. The harvesting could have caused these seeds to disperse and lay dormant in the
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Figure 3 The average forage mass (FM) that was collected for the two seasons (2023 and 2024).
The average FM was 2865 DM kg ha! (SEM = 137.3) and was affected by year (P = 0.0295).
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soil seed bank. The first rain of May 2024 allowed these seeds to germinate, and this soil
moisture decreased the loss of N in the soil (Teutsch et al., 2005a). The increase in crabgrass
proportion in turn increased the FM.

Botanical composition

Table 2 shows the botanical composition of alfalfa by treatment and within 2 years (2023
to 2024) which shows significant differences (P = 0.0205). There was an interaction of treatment
and year (P < .05). In 2023, A had a 97% alfalfa proportion and did not differ from AC and ACC
which had a 97.7% and 97.0% respectively (P < .05). Apart from ACC 2024, all plots had a high
proportion of alfalfa. In 2024 there were no significant differences between A and AC which had
a composition percentage of 85.5% and 85.2% respectively (P < .05). Meanwhile, ACC only had
53.7% alfalfa, which is to be expected.

Aponte et al., (2019), observed that the second production year of alfalfa and grass
mixtures have a proportion of approximately 50%, suggesting that as the grass ages, it starts to
outcompete the alfalfa. When corn is intercropped with a legume (alfalfa), this in turn has a high
soil coverage that increases solar absorption and reduces the growth of weeds (Bilalis et al.,
2010). In the first growing season, the conditions were favorable to alfalfa growth and since
crabgrass was nearly established, it grew a little slower. However, in 2024 environmental
conditions were favorable for crabgrass, allowing it to grow and compete with alfalfa. There was
also precipitation which resulted in quick crabgrass establishment and growth. Table 1 showed
that there was no significant difference in alfalfa yield between the 2 growing seasons, which
meant the proportion of alfalfa did not decrease but the proportion of weeds and crabgrass had

increased.
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Table 2 Alfalfa proportion by treatment x year interaction during two consecutive years, 2023
and 2024, in Spring Hill, TN, U.S.

Year
Treatment SEM
2023 2024
------------------- Alfalfa (%) -------------------
A 97.7 A2 85.5 Aa 3.921
AC 97.7 Aa 85.2 A2 3.921
ACC 97.0 A2 53.7 Bb 3.931
SEM 0.879 6.963

Means within a column with a common uppercase letter does not differ among treatments (P < .05)
Means within a row with a common lowercase letter no differ among years (P < .05).
SEM = Standard Error Mean. A = alfalfa alone, AC = alfalfa and corn intercropped, ACC = alfalfa, corn and crabgrass intercropped

22



In 2023, there was good weed suppression with the proportion of weeds representing only
1.5% of the plots. This was due to the intercropping system of alfalfa and corn coverage and
establishment during the first year, protecting the soil and blocking the sun light which stopped
weeds from growing. Corn canopy can absorb 80 to 90% of photosynthetically active radiation
(PAR), leaving the remaining PAR for alfalfa (Patel et al., 2021). This effectively prevents any
PAR from being available to support weed growth. In 2024, the weed proportion was higher at
9.7%, this was the result of the increase of crabgrass that became a weed in the plots that did not
have crabgrass as a treatment.

Meanwhile, the crabgrass proportion also showed differences between the years. In 2023
the presence of crabgrass was low (3.0%) because crabgrass did not establish well and was
outcompeted by alfalfa (Table 3 and 4). In the second season (2024), crabgrass had a higher
proportion at 46.2%. Kruk et al., (2006), explained that the presence of a canopy cover decreases
the photon flux across all wavelengths compared to full daylight, significantly influencing the
physiology and growth of weeds. Teutsch et al., (2005), observed that while crabgrass is an
annual, morphologically it can spread like a perennial and can reseed itself, leading to regrowth
each year.

Table 4. Shows the weed proportion differences within treatments (P = 0.0198). There
were differences in the proportion of weeds within treatments, with ACC showing a lower weed
proportion than A and AC. When crabgrass was present, it outcompeted weeds during the entire
growing season, resulting in 100% effectiveness. Treatment A and AC had approximately 8%.
weeds, and although alfalfa can provide a good canopy that can block out most of the light while

also fixing N, it could not compete with all the weeds during the warmer months. Alfalfa being a
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Table 3 Weed and crabgrass proportions affected by year during two consecutive years, 2023
and 2024, in Spring Hill, TN, U.S.

Year Weed Crabgrass
---------------------- (%) ----m-mmmmmmmmm e
2023 158 308
2024 9.74 46.2 A
SEM 1.31 7.05

Means within a column with a common uppercase letter no differ among years (P < .05)
SEM = Standard Error Mean.

Table 4 Weed proportion affected by treatment across two consecutive years, 2023 and 2024, in

Spring Hill, TN, U.S.

Treatment Weed
-------------- (%) --------m-m---
A 8.3
AC 854
ACC 08
SEM 1.94

Means within a column with a common uppercase letter no differ among treatment (P < .05)
SEM = Standard Error Mean. A = alfalfa alone, AC = alfalfa and corn intercropped, ACC = alfalfa, corn and crabgrass intercropped
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cool-season perennial legume means that during the summer they grow slower (Sharavdorj et al.,
2021), allowing for warm-season weed species to compete.

The 2024 growing season was dryer than 2023, and dryer soil meant that alfalfa shoots
would increase in growth (Wissuwa & Smith, 1997). Results from Hartwig & Ammon, (2002),
show that using a herbicide either pre or postemergence controls the competition between the
living mulch and the main crop. It was also shown that the living mulch suppresses weed
production. Sanderson et al., (2012), observed that grass-legume mixture reduced the invasion of
weeds, especially alfalfa, which showed a greater reduction in weeds than other legumes.
Nutritive value

Table 5 states that alfalfa alone (A) in 2023 had a CP content of 19.1%. Alfalfa is a
legume and known to have a high protein content for livestock. The intercropping treatments AC
and ACC showed an increase of CP in 2023, but it did not differ from the A (P < 0.5). Corn
alone (C) recorded the lowest CP content (5.8%), which did differ from the other treatments (P <
0.5). Corn being be a cereal grain means that its composition would be higher in carbohydrates
(starch) (Makizadeh et al., 2020), which would provide more energy. From the result of this
intercropping system, evidence suggests that even with the introduction of crabgrass to this
intercropping system, the CP content remains high. This might be because, despite being a grass,
crabgrass has a higher CP content to other warm — season grasses (Aguerre et al., 2023).

In 2024, the results state that treatment A had a CP content of 17.7% and this did not
differ from treatment ACC with a CP content of 16.9%, but AC did differ from A and ACC (P <
0.5). The results also showed that corn grown as a monoculture had the lowest content of CP

which differ from the other treatments. Table 3 shows that in 2024 there was a significant
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Table 5 Crude protein content (CP) for each treatment and for the 2 seasons (2023 and 2024)
and their interaction (P = 0.0044).

Year

Treatment SEM

2023 2024

---------------- Crude protein (%) ----------------

Alfalfa alone 19.142 17.74° 0.36
Corn alone 5.8 Ba 4.9 2 0.36
Corn + alfalfa 19.3 A 15.4 BP 0.36
Corn + alfalfa + crabgrass 19.4 A2 16.9 AP 0.36
SEM 0.36 0.36

Means within a column with a common uppercase letter no differ among treatments (P < .05)
Means within a row with a common lowercase letter no differ among years (P < .05).
SEM = Standard Error Mean. A = alfalfa alone, C = corn alone, AC = alfalfa and corn intercropped, ACC = alfalfa, corn and crabgrass

intercropped.



increase in the proportion of crabgrass. This increase out competed the proportion of alfalfa,
which, when samples were collected had a higher proportion of crabgrass than alfalfa which
reduced the overall CP content.

In 2024, showed that treatments A, AC and ACC had an overall decrease in CP content,
and this differed from 2023, while treatment C did not differ among the two seasons. Table 1,
states that there was no difference in FM of alfalfa between the two seasons, but a reason which
could cause a reduction in CP is harvesting time. Berti et al., (2021b) explained that in North
Dakota and Minnesota, CP was influenced by harvest date and could depend on temperature and
moisture. Figure 1 shows that during the growing season of 2024 it was drier than 2023.

Table 6 shows the percentage of lignin (LIG) present in the plants during the two
seasons. This table shows that the LIG was affect by treatment and year (P < 0.0015 and P <
0.0258 respectively).

LIG in one of the most abundant biopolymer on the globe (Liu et al., 2018). It is complex
and found in the cell walls of plants and it provides structural support, defense, water transport
(Xie et al., 2018), and environmental stress tolerance (Choi et al., 2023).

Table 6 shows that in 2023, treatment C had the lowest amount of LIG (2.9%), this
differed from the other treatments (A, AC, ACC). Lignin is indigestible by the microorganisms
of the rumen (Berti et al., 2021a), and it increases as the plant matures (Quinby et al., 2021). In
2024, treatments A and ACC did not differ, treatment AC differed from all the treatments.
Treatment C had the lowest percentage of LIG (2.6%).

In 2024, there was a decrease in LIG between the years but was significant for treatments
A. C and ACC. There was a longer frost in the spring of 2024 compared to 2023, indicating that

the air and soil temperature remained cooler later in the spring of 2024, which lead to alfalfa
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Table 6 Lignin (LIG) content as affected by treatment X year interaction during two consecutive
years, 2023 and 2024, in Spring Hill, TN, U.S.

Year
Treatment SEM
2023 2024
---------------- LIG (%) ---------mmm---
A g8.8Aa 8.4Aa 0.23
C 2.982 2.6C2 0.23
AC g8.7ha 7.380 0.23
ACC 9.0%a 8.8”a 0.23
SEM 0.23 0.23

Means within a column with a common uppercase letter no differ among treatments (P < .05)
Means within a row with a common lowercase letter no differ among years (P < .05).
SEM = Standard Error Mean. A = alfalfa alone, C = corn alone, AC = alfalfa and corn intercropped, ACC = alfalfa, corn and crabgrass

intercropped
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remaining dormant longer. This resulted in the alfalfa being more mature in 2023 than in 2024.
Also Spandl & Hesterman, (1997) stated that since alfalfa is a legume, it has a higher amount of
LIG than cool-season grasses, it even has more LIG than many warm-season grasses (Jung et al.,
1997).

The NDFd for 2023 shows no significant difference between treatments A, AC and ACC
(43.2, 43.9 and 42.7% respectively), while C had the highest concentration of NDFd (48.9%).
Table 6 shows that in 2023 the LIG content was high in treatments A, AC and ACC, and higher
the LIG content the less digestible is the forage.

Corn being a C4 grass has more fiber than a legume which makes it more digestible.
Having less crabgrass in 2023 than 2024, this led to higher N being in the soil that changed the
leaf — stem ratio and decreased digestibility (Teutsch et al., 2005b). Also, results from Noller &
Rhykerd, (2015) states the N rates in the soil can increase the NFD (nitrate-from nitrogen)
concentration, which decreases the plant and NDF digestibility.

In 2024, treatments A and ACC had the lowest NDFd and differed from treatments C and
AC. Due to the significant increase of crabgrass throughout the entire experimental site in 2024
than 2023 (Table 3), this had increased the NDFd for this system. When grass is added to a
legume stand, it can increase the NDFd of that intercropping system (Ball et al., 2021). It was
also noted in Table 5, that the CP content had decrease from 2023 to 2024, and Traxler et al.,
(1998) noted that s decrease in CP corresponds with an increase of in NDFd, which aligns with
our results.

Between the 2 growing seasons (2023 and 2024), there was no significant difference

among years or treatment except for treatment AC which differed. This could be the result of
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having corn in the treatment and a high amount of crabgrass that affected the entire experimental
site. This high amount of grass increased the NDFd of this treatment.

Table 8. The IVTDMD percentage was not affected by treatment, this is why it is not
shown on the table. IVTDMD is a method used to estimate the digestibility of feed by simulating
the conditions in the rumen of an animal (Lopez-Marnet et al., 2021). The digestibility is then
calculated based on the amount of DM that is broken down during the process (Altman et al.,
2022). In 2023, Table 8 shows that there was a higher percentage of IVTDMD than 2024. Even
though there was more concentration of LIG in 2023 than 2024 (Table 6), and NDFd was higher
in 2024 than 2023 (Table 7).

Results shown from Aguerre et al., (2023b), states that legume as a monoculture and
crabgrass-legume mixture has an increase in IVTDMD. These results were also similar to those
obtained from Nave & Corbin, (2018b) with crabgrass and a legume mixture. However, results
from Brown et al., (2018) show that cool-season legumes have a higher lignin content than

grasses and normally have lower digestible fiber; but, this was not the case in our study.
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Table 7 Neutral detergent fiber digestibility (NDFd) content as affected by treatment x year
interaction during two consecutive years, 2023 and 2024, in Spring Hill, TN, U.S.

Year
Treatment SEM
2023 2024
---------------- NDFd (%) ----------------
A 43,28 44,882 1.35
C 48.9°2 4852 1.35
AC 43.98b 50.6A2 1.35
ACC 42782 43,782 1.35
SEM 1.35 1.35

Means within a column with a common uppercase letter no differ among treatments (P < .05)
Means within a row with a common lowercase letter no differ among years (P < .05).
SEM = Standard Error Mean. A = alfalfa alone, C = corn alone, AC = alfalfa and corn intercropped, ACC = alfalfa, corn and crabgrass

intercropped

Table 8 In vitro true dry matter digestibility (IVTDMD) proportions were affected by year
during two consecutive years, 2023 and 2024, in Spring Hill, TN, U.S.

Year IVTDMD
------------------------ ) ——

2023 74.0°

2024 72.48

SEM 0.47

Means within a column with a common uppercase letter no differ among years (P < .05).
SEM = Standard Error Mean.
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CONCLUSION

Alfalfa when intercropped with corn did not improve corn productivity. When crabgrass
was added to the mixture it improved the overall FM. Our results show that alfalfa being a
legume has a high quantity of lignin that reduces digestion, but when crabgrass was added to the
mixture this improved the overall nutritive value of the intercropped mixture. Corn has a lower

concentration of CP, but when added to the mixture, improved forage quality.

Environmental and seasonal factors play an important role in this system. Drought is a
major problem when managing an intercropping system. During these trying times an irrigation
system should be implemented to reduce the loss of FM. Adding crabgrass to alfalfa and corn
stands that are already established can increase FM and nutrient composition during the summer

periods.
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