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Abstract

Medicago ruthenica (L.) Trautv., a wild grass species commonly cultivated as
forage in arid and semi-arid regions of China, was studied to optimize seed pro-
duction through mulch patterns and planting methods on the Loess Plateau
of Gansu Province from 2017 to 2019. Six treatments were evaluated: (1) flat
ground without mulch (F0, control); (2) flat ground with transparent white
0.008 mm thick plastic film mulch (FP); (3) flat ground with 4500 kg/hm?
straw mulch (FS); (4) furrow with 10 cm ridges (RO); (5) furrow with plastic
film mulch (RP); and (6) furrow with straw mulch (RS). Results demonstrated
that harvested seed yield was highest under RP treatment, followed by FP and
FS treatments. Soil moisture content from mid-May to mid-August 2017 was
highest under RP and FP treatments, followed by RS and FS treatments. In
2018, soil moisture content peaked under RS and FS treatments. During 2017
and 2018, soil temperature was highest under FP and RP treatments, followed
by F0O and RO treatments. Total and available nitrogen, phosphorus, and potas-
sium contents were highest under RS and FS treatments, followed by RP and
FP treatments. Comprehensive analysis revealed that surface mulch improved
the soil microenvironment and increased M. ruthenica seed yield. Straw mulch
also effectively recycled excess crop straw, promoting sustainable agricultural
development in the region. In conclusion, FS treatment was identified as the
optimal mode for M. ruthenica seed production in this area.

Full Text

Preamble

Effects of Mulch and Planting Methods on Medicago ruthenica Seed
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Abstract: Medicago ruthenica (L.) Trautv., a wild grass species commonly cul-
tivated as forage in arid and semi-arid regions of China, was studied to optimize
seed production through mulch patterns and planting methods on the Loess
Plateau of Gansu Province from 2017 to 2019. Six treatments were evaluated:
(1) flat ground without mulch (F0, control); (2) flat ground with transparent
white 0.008 mm thick plastic film mulch (FP); (3) flat ground with 4500 kg/hm?
straw mulch (FS); (4) furrow with 10 cm ridges (R0); (5) furrow with plastic
film mulch (RP); and (6) furrow with straw mulch (RS). Results demonstrated
that harvested seed yield was highest under RP treatment, followed by FP and
FS treatments. Soil moisture content from mid-May to mid-August 2017 was
highest under RP and FP treatments, followed by RS and FS treatments. In
2018, soil moisture content peaked under RS and FS treatments. During 2017
and 2018, soil temperature was highest under FP and RP treatments, followed
by FO and RO treatments. Total and available nitrogen, phosphorus, and potas-
sium contents were highest under RS and FS treatments, followed by RP and
FP treatments. Comprehensive analysis revealed that surface mulch improved
the soil microenvironment and increased M. ruthenica seed yield. Straw mulch
also effectively recycled excess crop straw, promoting sustainable agricultural
development in the region. In conclusion, FS treatment was identified as the
optimal mode for M. ruthenica seed production in this area.
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1 Introduction

Medicago ruthenica (L.) Trautv., a perennial herbaceous legume, is widely culti-
vated as forage in arid and semi-arid regions due to its high yield potential and
tolerance to drought and cold (Shu et al., 2018). Its ability to thrive in barren
environments makes it promising for forage cultivation and natural grassland
reseeding, playing a substantial role in grassland animal husbandry and ecologi-
cal restoration (Huang et al., 2007; Li et al., 2013; Xiao et al., 2018a). However,
mature M. ruthenica plants exhibit natural seed dispersal, hindering large-scale
seed collection for agricultural purposes. To date, seed production and collec-
tion have received limited scientific attention (Li et al., 2006; Li and Shi, 2006),
and this difficulty prevents large-scale propagation of the species. Consequently,
research on M. ruthenica seed production and collection is critically important.

In recent years, modifications to China’s agricultural planting structure have
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highlighted that forage seed is not only crucial for grassland industry devel-
opment but also a key factor for forage production. Furthermore, continuous
attention to ecological environment protection, animal husbandry development,
and urban greening has increased demand for excellent grass varieties and high-
quality forage seeds (Shao et al., 2014). These demands have revealed problems
associated with low yield and poor benefits in Chinese forage seed production.

Water represents a major limiting factor for M. ruthenica seed production in
arid and semi-arid areas due to low precipitation and high evaporation. Mulch
can effectively maintain soil moisture and improve water utilization in these
regions while reducing evaporation and compensating for inconsistent precipita-
tion. Additionally, mulch improves soil environment and considerably increases
seed yield (Zhao et al., 2012; Chen et al., 2015; Yang et al., 2018). Current
water-saving measures include film mulch, straw mulch, and ridge-furrow sys-
tems (Han, 2018). Surface mulch combined with ridge-furrow treatment regu-
lates soil temperature, moisture content, and air permeability, thereby support-
ing microbial communities and effectively promoting material transformation
and nutrient decomposition in arid areas (Liu et al., 2014). Surface mulch with
plastic film promotes soil organic carbon (SOC) and total nitrogen (TN) miner-
alization while effectively increasing available nitrogen (AN), phosphorus (AP),
and potassium (AK) contents. However, soil water collected in shallow layers un-
der plastic mulch is absorbed by crops from lower layers during growth, causing
upward water movement from deep layers and reducing deep-layer water content
(Zhou et al., 2012; Kader et al., 2017). In straw mulch systems, straw decom-
poses to produce organic compounds under favorable soil conditions. Combined
with rainwater seepage, this leads to gradual mulch breakdown, increasing SOC
and available nutrient contents. Thus, straw mulch serves as an important
source of soil organic matter (SOM) (Tang, 2019). In wheat and maize straw
mulch studies, SOC and TN contents at 0-10 cm soil depth increased by 16.9%
and 7.7%, respectively, compared to control treatment (Shao et al., 2016). How-
ever, previous studies have observed that plants absorb excess soil AN, AP, and
AK during growth and development, decreasing available soil nutrients (Hu et
al., 2012; Yin et al., 2016).

The Longzhong Area, located in central Gansu Province and comprising 16.8%
of the province’s area, exhibits irregular and highly variable annual precipita-
tion distribution, with most rainfall occurring from July to September. Due
to concentrated rainfall during the plant growth season, Longzhong represents
typical rain-fed agriculture (Liu and Wang, 2018). However, research on mulch
treatment effects on M. ruthenica seed yield and soil nutrient contents has re-
ceived limited attention in this region (Luo et al., 2014). Our objectives were
to analyze the effects of different mulch treatments on M. ruthenica seed yield
and soil physical-chemical properties in the arid Longzhong Area. These results
may provide a theoretical basis for guiding forage cultivation and precision fer-
tilization in similar regions.
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2.1 Study Site

The study site was located in the Longzhong Area, Gansu Province, China
(35°58’N, 104°62'E) at an altitude of 2000 m a.s.l. The dominant soil type is
yellow soil, with average annual sunshine of 2409 h, average annual precipitation
of 427 mm (extremely unevenly distributed), and average annual evaporation of
1510 mm. The annual average temperature is 6.3°C, with average annual active
accumulated temperatures $ $5.0°C and $ $10.0°C of 2782.5°C and 2239.1°C,
respectively. Temperature extremes range from —27.1°C to 34.3°C, and the
average annual frost-free period is 141 d (Liu and Wang, 2017). Soil pH ranges
from 7.0 to 8.2. SOM, TN, total phosphorous (TP), and total potassium (TK)
contents are 47.81, 1.38, 1.10, and 8.36 g/kg, respectively. Furthermore, AN,
AP, and AK contents are 36.32, 7.37, and 159.89 mg/kg, respectively. Average
monthly temperature and precipitation from 2017 to 2019 are shown in Figure
1 [Figure 1: see original paper].

2.2 Experimental Design

The experiment comprised six treatments, each with 30 cm row spacing: (1)
flat ground without mulch (FO0, control); (2) flat ground with transparent white
0.008 mm thick plastic film mulch (FP); (3) flat ground with 4500 kg/hm?
straw mulch (FS); (4) furrow with 10 cm ridge (RO); (5) furrow with plastic
film mulch (RP); and (6) furrow with straw mulch (RS; Fig. 2 [Figure 2: see
original paper]). In the ridge-furrow design, plants were grown in the furrow, not
on the ridge. Each plot measured 2 m x 5 m, with 0.5 m between treatments.
The experimental design was a randomized block with three replications. Seeds
were sown on May 2, 2017, using hole seeding with appropriate supplementation
or reduction of seedlings at 2-3 cm depth, with 5-10 seeds per hole to ensure
3-5 surviving plants per hole. Plant spacing was 10 cm and row spacing was 30
cm. Before sowing, M. ruthenica seeds were soaked in 98% concentrated sulfuric
acid for 15 min, followed by washing with running water to break the hard seed
coat.

2.3.1 Performance Seed Yield

Performance seed yield (kg/hm?) was calculated using Equation 1:

_ PxSxW

Y=—T000 <%

where Y is performance seed yield (kg/hm?), P is the number of pods per unit
area (m?), S is the number of seeds per pod, and W is thousand-seed weight
(g) (Xiao et al., 2018Db).

chinarxiv.org/items/chinaxiv-202210.00063 Machine Translation


https://chinarxiv.org/items/chinaxiv-202210.00063

ChinaRxiv [$X]

2.3.2 Actual Seed Yield

Due to natural seed dispersal at maturity, actual seed yield was measured by
selecting a 1-m? sample area away from plot edges during the seed maturity
stage. This process was repeated three times per treatment to calculate the
average value.

2.3.3 Soil Moisture Content, Soil Bulk Density, and Soil
Porosity

Soil samples were collected monthly on sunny days during the M. ruthenica
growing season (soil moisture from mid-May to mid-September in 2017 and
2018; bulk density and porosity from mid-May to mid-September in 2018 and
2019). Three soil profiles were assessed using randomly excavated soil from each
treatment, with five samples collected from 10 cm increments (0-10, 10-20, 20—
30, 30-40, 40-50, 50-60, 60-70, and 70-80 cm) using a 5-cm diameter soil ring
knife. Each cylindrical sample was placed in a sample box and transferred to the
laboratory. Samples were dried in an electric thermostatic air-blowing drying
oven (GZX-GF101-3-BS- , Shanghai, China) at 105°C until constant weight was
achieved for measurements and calculations.

Soil moisture content was calculated using Equation 2:

My — M,
M = —2——2 x 100
MI_MO )

where M is soil moisture content (%), M, is wet soil mass in the aluminum box
(g), M; is dry soil mass in the aluminum box (g), and M, is empty aluminum
box weight after drying to constant weight (g) (Wilke, 2005).

Soil bulk density was calculated using Equation 3:

W, — W, x (1 — M/100)

B=
Vv

where B is soil bulk density (g/cm?), W, is total weight of ring knife and fresh
soil (g), W, is total weight of ring cutter (g), M is soil moisture content (%),
and V is soil core volume (100 cm?).

Soil porosity was calculated using Equation 4:

P:(l—g)me

where P is soil porosity (%) and G is soil specific gravity fixed at 2.65 g/cm3.
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2.3.4 Soil Temperature

Soil temperature was determined on one sunny day in the middle of each month
during the growing season. A curved-tube geothermometer measured tempera-
ture at 5-cm intervals from 5-25 cm depth. Measurements were recorded every
2 h from 08:00 to 18:00 (LST), with each measurement repeated three times to
obtain average values (Zhou et al., 2017).

2.3.5 Soil Compactness

Soil compactness was measured using a soil compactness meter (SC-900, Spec-
trum, USA) up to 30 cm depth, with 20 measurements made per plot.

2.3.6 Soil Nutrients

Soil nutrients change gradually and were collected once during mid-October
between 2018 and 2019. Soil cores were collected as described in Section 2.3.3
using a 3.5-cm diameter soil auger. After removing visible debris, samples were
placed in zip-top bags and transported to the laboratory. Following natural
drying, samples were passed through 0.25-mm and 1.00-mm sieves for nutrient
analysis (Hou et al., 2018).

Following Bao (2000), SOM content was determined using potassium dichro-
mate titration. Soil TN was determined using the Kjeldahl method. Soil TP was
determined using the molybdenum blue method with an ultraviolet-visible spec-
trophotometer (SP-756P, Shanghai Guangpu Instruments Co., Ltd., China).
Soil TK was determined using NaOH melt-flame photometry. Soil AN was
determined using the alkali-hydrolyzed diffusion method. Soil AP was deter-
mined using the 0.5 mol/L NaHCO4-molybdenum-antimony resistance colori-
metric method. Soil AK was extracted using NH,OAC with flame photometry.

2.4 Statistical Analysis

Microsoft Excel 2010 was used for data collation and visualization, with all val-
ues expressed as mean + standard error (SE). SPSS v.22.0 (SPSS Inc., Chicago,
IL, USA) was used for one-way analysis of variance. Generalized linear model
(GLM) analyzed the effects of planting years and mulch treatments on seed
production and soil properties. Significance was determined at P < 0.05, with
Duncan’s method used for multiple comparison analysis.

3.1 Seed Yield of M. ruthenica

Performance and actual seed yields from 2017 to 2019 were highest under RP
treatment and lowest under FO treatment. Seed yield under FS treatment was
consistently higher than under RS treatment. Furthermore, plastic mulch pro-
duced the highest seed yield, followed by straw mulch (Fig. 3 [Figure 3: see
original paper|). Seed yields under RO and FO treatments were significantly
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lower than other treatments from 2017 to 2018 (P < 0.05). No significant dif-
ferences were observed between RP and FP, between RS and FS, or between
RO and FO treatments for performance and actual seed yields (P > 0.05). The
average actual seed yield during 2017-2019 ranged from 203-279 kg/hm? (Fig.
3b).

Under the same treatment, performance seed yield in 2018 was significantly
higher than in 2017 and 2019 (P < 0.05), with no significant difference between
2017 and 2019 (Fig. 3a). Actual seed yield in 2018 was significantly higher than
in 2017 for all treatments, with no significant difference between 2018 and 2019
under RO and FO treatments (P > 0.05; Fig. 3b).

3.2.1 Soil Moisture Content

In 2017, from mid-May to mid-August, soil moisture content at each depth
followed the order: R (furrow) > F (flat ground), P (plastic film mulch) > S
(straw mulch) > 0 (no mulch), with 0-10 and 10-20 ¢cm depths showing slightly
higher values than other depths (Fig. 4 [Figure 4: see original paper]). However,
in mid-September, soil moisture under RS and FS treatments exceeded that
under RP and FP treatments. Soil moisture under RO and F0 treatments was
significantly lower than other treatments (P < 0.05).

In 2018, from mid-June to mid-August, soil moisture content was highest under
RS treatment and lowest under FO treatment (Fig. 4). Under RP treatment, soil
moisture was consistently higher than under FP treatment. Moreover, plastic
mulch was more effective than straw mulch. Soil moisture in each treatment
decreased with increasing soil depth.

From mid-June to mid-July, soil moisture under RS and FS treatments was
significantly higher than under FO treatment at 0-80 cm depth, while moisture
at 40-80 cm under RS and FS treatments was significantly higher than other
treatments (P < 0.05).

3.2.2 Soil Temperature

From mid-May to mid-September in 2017 and 2018, average daily soil tempera-
ture increased most rapidly with plastic mulch treatments, followed by control
and straw mulch treatments (Fig. 5 [Figure 5: see original paper]). Soil temper-
ature exhibited significant daily variation at 5-10 cm depth but not at 10-25
cm depth. Average soil temperature showed an inverse relationship with soil
depth. From 08:00 to 18:00 daily, soil temperature at each depth first increased
then decreased.

In mid-May, mid-June, and mid-September 2017, soil temperature peaked at
14:00 then gradually decreased. In contrast, temperature peaked at 16:00 in
mid-July and mid-August 2017, and in mid-June, mid-July, and mid-August
2018.
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From mid-May to mid-September 2017, soil temperature under RP treatment
at 08:00 was highest, followed by FP treatment (Fig. 5). At 5 cm depth, from
mid-May to mid-August, temperatures under RP and FP treatments were signif-
icantly higher than other treatments (P < 0.05), with FP treatment significantly
exceeding RP at 10:00, 12:00, 14:00, 16:00, and 18:00. In mid-May, mid-June,
and mid-August, temperature under RS treatment was significantly lower than
under RP and FP treatments (P < 0.05). In mid-September at 5 cm depth, no
significant difference was observed between RP and FP treatments (P > 0.05).

3.2.3 Soil Bulk Density, Soil Porosity, and Soil Compactness

In 2018 and 2019, soil bulk density was lowest under straw mulch and highest
under control treatment (Fig. 6a [Figure 6: see original paper]). Bulk density
at 0-20 cm depth was lowest under RP, FP, RS, and FS treatments. Analysis of
variance showed that growth year did not significantly affect soil bulk density,
but treatment effects were highly significant at 0-20 cm depth (P < 0.01).

In 2018 and 2019, soil porosity was highest under FS treatment and lowest
under RO treatment (Fig. 6b). Furthermore, porosity was consistently higher
under flat ground than furrow treatments. Porosity peaked at 0-10 and 10—
20 cm depths, then decreased with increasing depth. Growth year showed no
significant effect on soil porosity, while treatment effects were highly significant
at 0-10 and 1020 cm depths (P < 0.01).

In 2018 and 2019, straw mulch treatments exhibited the lowest soil compact-
ness, while control treatment showed the highest values (Fig. 6¢). Compactness
increased then decreased with depth, with maximum values at 10-20 cm depth
ranging from 110-152 kPa. Growth year did not significantly affect soil com-
pactness, but treatment significantly affected compactness at 0-10 cm depth
(P < 0.01). Interaction between growth year and treatment had no significant
effect on bulk density, porosity, or compactness (P > 0.05).

3.3.1 SOM, Soil TN, and AN

In 2018 and 2019, SOM content was highest under RS treatment and lowest
under FP treatment, with straw mulch > no mulch > plastic film mulch (S >
0 > P; Fig. 7a [Figure 7: see original paper] and b). Compared to control,
straw mulch increased SOM content while plastic film mulch reduced it. SOM
content decreased with soil depth. At 0-10 cm depth, SOM under RS and FS
treatments was significantly higher than under RP and FP treatments (P <
0.05). No significant differences were observed among treatments at 10-40 cm
depth (P > 0.05). Growth year significantly influenced SOM content (P < 0.01),
and treatment effects were highly significant at 0-10 cm depth (P < 0.01).

In 2018 and 2019, soil TN content was highest under straw mulch, followed
by plastic film mulch (S > P), with lowest values under no mulch treatment
(Fig. 7c and d). TN content showed an inverse relationship with soil depth. At
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0—40 cm depth, no significant differences in TN content were observed among
treatments in 2018 and 2019 (P > 0.05). Growth year, treatment, and their
interaction did not significantly affect soil TN content (P > 0.05).

In 2018 and 2019, soil AN content decreased with increasing soil depth (Fig. 7e
and f). In 2019, AN contents under RS and FS treatments were significantly
higher than under FO treatment (P < 0.05), but no significant differences were
observed among other treatments. No significant differences in AN content were
found among treatments at 10-40 cm depth (P > 0.05). Growth year did not
significantly affect AN variation, while treatment had highly significant effects
at 0-10 cm depth (P < 0.01).

3.3.2 Soil TP, AP, TK, and AK

In 2018 and 2019, soil TP content was highest under straw mulch, followed by
plastic film mulch (S > P), decreasing with soil depth (Fig. 8a [Figure 8: see
original paper] and b). Growth year did not significantly affect TP content,
while treatment significantly affected TP at 0-10 and 10-20 c¢cm depths (P <
0.05).

In 2018 and 2019, soil AP content was highest under RS treatment and lowest
under FO treatment (Fig. 8c and d). AP content under straw mulch exceeded
that under plastic film mulch. In 2018, AP content under RS treatment at 0-10
cm depth was significantly higher than under FO treatment (P < 0.05). In 2019,
AP contents under RS and FS treatments were significantly higher than under
RO and FO treatments (P < 0.05). No significant differences were observed at
other depths (P > 0.05). Growth year did not significantly affect AP content,
while treatment had highly significant effects at 0-10 cm depth (P < 0.01).

In 2018 and 2019, soil TK content was highest under straw mulch, followed by
plastic film mulch, decreasing with soil depth (Fig. 8e and f). Growth year
significantly affected TK content at 0-10 and 10-20 cm depths (P < 0.01), and
treatment significantly affected TK at 0-10 cm depth (P < 0.01).

In 2018 and 2019, soil AK contents under RS and FS treatments were signifi-
cantly higher at 0-10 and 10-20 ¢cm depths than other treatments (P < 0.05;
Fig. 8g and h). No significant differences were observed at 20-30 and 30-40
cm depths (P > 0.05). Growth year did not significantly affect AK content,
while treatment effects were highly significant at 0-10 and 10-20 cm depths (P
< 0.01). Interaction between growth year and treatment did not significantly
affect TP, AP, TK, or AK contents (P > 0.05).

4.1 Effects of Mulch and Planting Methods on M. ruthenica
Seed Yield

Our three-year experiment revealed that M. ruthenica seed yield was highest
under plastic film mulch and lowest without mulch. Since surface cover treat-
ment and ridge-furrow planting methods accumulated natural rainfall, seed yield
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likely increased through improved plant water utilization efficiency. The ridge
funnels rainfall into the furrow, and during early crop growth, plastic film mulch
provided higher water retention than straw mulch (Fig. 4). Studies have shown
that increased temperature and water availability enhance crop growth under
mulch conditions. By increasing temperature and promoting water consump-
tion, mulch cultivation can extend crop growth periods and increase dry weight
per plant (Li et al., 2018; Chen et al., 2019). Consequently, M. ruthenica seed
yield under plastic mulch exceeded that under straw mulch. In the first year
(2017), plastic mulch produced the highest soil moisture content (Fig. 4) and
soil temperature (Fig. 5), explaining the highest seed yields under FP and RP
treatments. Additionally, seed yield peaked in the second year (2018).

A substantial gap existed between performance and actual seed yields. Results
showed that potential seed yield of forage crops is extremely high, but actual
seed yield is very low, with a gap of approximately 12%-20% (Han et al., 1996).
Additionally, M. ruthenica exhibits a 93% splitting rate when seeds are fully
mature, with a high proportion of splitting pods (Li et al., 2006). During har-
vesting, inconsistent seed pod splitting and maturity caused substantial losses
and discrepancies between performance and actual seed yields.

All mulch treatments improved soil microenvironment compared to control, pri-
marily by increasing soil moisture and nutrient contents. Although plastic film
mulch produced high seed yield, moisture content, and temperature, plastic film
remains in soil and degrades slowly, which is detrimental to crop emergence and
normal growth (Yan et al., 2006). Plastic film is potentially harmful to soil phys-
ical and chemical properties, including white pollution from film residue that
has become a soil pollution source (Qi et al., 2020; Xu et al., 2020). Straw mulch
produced similar or equal effects on seed field and soil properties compared to
plastic, and in some cases resulted in higher soil nutrient contents. Therefore,
straw mulch methods should be prioritized for sustainable M. ruthenica devel-
opment in the arid Longzhong Area.

4.2.1 Soil Moisture Content

Both plastic film and straw mulch effectively increased soil moisture content in
this study. In 2017, RP and FP treatments produced the highest soil moisture,
followed by RS and FS treatments. The higher moisture under ridge-furrow ver-
sus flat ground methods likely resulted from ridge planting effectively collecting
rainfall and sheltering growth areas from wind evaporation, thereby improving
water retention compared to flat ground methods. Soil moisture content and
seed yield under plastic film mulch in 2017 were higher than other treatments.
Plastic film mulch inhibits soil moisture evaporation, creating internal water
circulation (Zhou et al., 2009). This circulation promotes soil water movement
and accumulation from deeper depths to the surface, improving water retention
(Liang et al., 1990). In this study, straw mulch produced higher soil moisture
than plastic film mulch in 2018. Straw mulch inhibited soil water evaporation
and ensured water demand was met during M. ruthenica’s later growth pe-
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riod, thus promoting seed production. Additionally, the rough straw surface
effectively intercepted rainfall, decreased surface runoff, and allowed water to
infiltrate the soil, increasing soil moisture content (Li et al., 2013).

Due to high soil evaporation in the study area, soil moisture content first in-
creased then decreased during the M. ruthenica growth period (Peng et al.,
2018). Moreover, cool weather and increased rainfall in mid-September 2017
(Fig. 4) caused moisture content to decrease. We found that soil moisture un-
der RS and FS treatments exceeded that under RP and FP treatments, and
moisture under plastic film mulch decreased with soil depth. Therefore, plastic
film mulch effects on increasing soil temperature and moisture were superior to
straw mulch, significantly improving M. ruthenica growth in 2017. However,
rapid M. ruthenica growth consumed more soil moisture, causing dehydration
in the later growth period (Lu et al., 2016). Simultaneously, plastic film mulch
encouraged water movement upward from deeper soil depths, depleting mois-
ture at deeper layers. Therefore, plastic mulch is not conducive to long-term
sustainable M. ruthenica development (Zaongo et al., 1997; Li et al., 1999).

4.2.2 Soil Temperature

Soil temperature directly affects plant development and seed emergence, and can
be influenced by land cover materials and planting methods. In this study, daily
soil temperature under plastic film mulch exceeded that under straw mulch, sug-
gesting that plastic film effectively absorbs solar energy and transmits heat to
the soil surface. When air temperature drops, retained heat from deeper soil
depths moves toward the surface. Plastic mulch traps this heat at the surface,
providing effective thermal insulation (Chen, 2012; Jiang et al., 2016). This
thermal insulation benefited M. ruthenica seedling emergence, which was impor-
tant for later growth and development. Straw mulch also delays soil heat emis-
sion into the atmosphere and effectively prevents daily temperature variations,
thereby promoting root and stem system growth and increasing M. ruthenica
seed yield (Fig. 3; Tang, 2019).

4.2.3 Soil Bulk Density, Soil Porosity, and Soil Compactness

Soil bulk density indirectly reflects crop root growth and SOM accumulation,
with lower bulk density indicating looser soil. Soil porosity is also important
for crop root growth because it controls soil moisture, fertility, aeration, and
heat (Wang et al., 2015; Li et al., 2019). We found that plastic film and straw
mulch decreased soil bulk density and compactness while increasing porosity,
indicating that surface mulch effectively improved soil structure. Moreover,
bulk density and compactness at 0-20 cm depth under all mulch treatments
were significantly lower than under no mulch treatment, and bulk density under
furrow-ridge treatment exceeded that under flat ground treatment. These re-
sults were associated with improved soil moisture and temperature conditions.
Under mulch treatment, rainfall directly hitting the ground was blocked, pre-
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venting compaction and promoting loose soil structure. However, Wang et
al. (2015) found that during heavy rain, water collected in furrows eventually
increased soil compactness and bulk density while decreasing porosity. In this
study, bulk density under FS treatment was significantly lower than under RO
and FO treatments, likely attributed to reduced porosity caused by long-term
surface mulch. Straw mulch benefits soil aggregate structure and porosity for-
mation, promoting proper plant root growth and spatial distribution (Bodner
et al., 2015; Liao et al., 2021). Therefore, straw mulch can create an isolated
buffer zone to reduce soil bulk density and compactness while increasing porosity
(Mulumba and Lal, 2008; Xu et al., 2017).

4.3 Effects of Mulch and Planting Methods on Soil Chem-
ical Properties

Soil nutrient contents increased under all mulch treatments compared to con-
trol, confirming that mulch effectively improved soil fertility and promoted crop
growth (Dong et al., 2017). Moreover, SOM content under straw mulch ex-
ceeded that under plastic film mulch. Mulch maintenance of soil moisture and
temperature accelerated straw decay and decomposition, releasing organic par-
ticles that infiltrated soil and increased SOM in shallow zones (Akhtar et al.,
2018). Meanwhile, surface mulch and ridge-furrow treatments improved soil mi-
croenvironment. M. ruthenica might utilize soil fertility by accelerating nutrient
conversion and utilization. As M. ruthenica absorbed soil nutrients, SOM con-
tent decreased with mineralization without additional fertilization. However,
leguminous forage rhizobia nitrogen fixation can provide required nitrogen nu-
trients during legume plant growth, thereby reducing soil nitrogen use. Thus,
planting legume forage did not significantly affect soil TN content. Meanwhile,
nutrient contents decreased over time without additional fertilization, particu-
larly under plastic film mulch where fast early growth consumed more nutrients
than other treatments, reducing soil fertility in later growth stages (Pu et al.,
2006). Therefore, successive years of plastic film mulch could eventually exhaust
soil nutrients, which is not conducive to maintaining soil fertility or sustainable
agriculture.

5 Conclusions

This study found that performance and actual seed yields of M. ruthenica were
highest under plastic film mulch, followed by straw mulch. Soil moisture con-
tent in the first planting year was highest under RP and FP treatments, followed
by RS and FS treatments. In the second year, moisture content under straw
mulch exceeded other treatments. Soil temperature was highest under FP and
RP treatments, followed by FO and RO treatments. Soil nutrient contents were
highest under RS and FS treatments and generally decreased with soil depth.
Meanwhile, mulch had negligible effects on soil total nutrient contents but sig-
nificantly affected available nutrient contents. All treatments improved shallow
soil physical-chemical properties compared to control, with straw mulch showing
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the best effects. Comprehensive data analysis demonstrated that straw mulch is
preferred for M. ruthenica seed production in the Longzhong Area and similar
regions, with appropriate potassium and phosphate fertilizer supplementation.

Acknowledgements

This study was funded by the earmarked fund for China Agriculture Research
System (CARS) (CARS-34).

References

Akhtar K, Wang W Y, Ren G X, et al. 2018. Changes in soil enzymes, soil prop-
erties, and maize crop productivity under wheat straw mulching in GuanZhong,
China. Soil and Tillage Research, 182: 94-102.

Bao S D. 2000. Soil Agrochemical Analysis (3rd ed.). Beijing: China Agriculture
Press, 25-58. (in Chinese)

Bodner G, Nakhforoosh A, Kaul H P. 2015. Management of crop water under
drought: A review. Agronomy for Sustainable Development, 35: 401-442.

Chen H H. 2012. Effect plastic film mulching of wheat on soil temperature in
dryland. MSc Thesis. Lanzhou: Gansu Agricultural University. (in Chinese)

Chen Y L, Liu T, Tian X H, et al. 2015. Effects of plastic film combined with
straw mulch on grain yield and water use efficiency of winter wheat in Loess
Plateau. Field Crops Research, 172: 53-58.

Chen Y Z, Chai S X, Tian H H, et al. 2019. Straw strips mulch on furrows
improves water use efficiency and yield of potato in a rainfed semiarid area.
Agricultural Water Management, 211: 142-151.

Dong WY, Si PF, Liu E K, et al. 2017. Influence of film mulching on soil mi-
crobial community in a rainfed region of northeastern China. Scientific Reports,
7: 8468, doi: 10.1038/s41598-017-08575-w.

Han F X. 2018. Effects of mulching on soil temperature and moisture and growth
of summer—autumn crops in semiarid rain-fed regions. MSc Thesis. Lanzhou:
Gansu Agricultural University. (in Chinese)

Han J G, Li M, Feng L. 1996. Potential seed yield and actual seed yield in
forage seed production. Foreign Animal Husbandry, 1(1): 7-11. (in Chinese)

Hou X Q, Wu P N, Wang Y L, et al. 2018. Effects of returning straw with nitro-
gen application on soil water and nutrient status, and yield of maize. Chinese
Journal of Applied Ecology, 29: 1928-1934. (in Chinese)

Hu B, Jia Y, Zhao Z H, et al. 2012. Soil P availability, inorganic P fractions and
yield effect in a calcareous soil with plastic-film-mulched spring wheat. Field
Crops Research, 137: 221-229.

chinarxiv.org/items/chinaxiv-202210.00063 Machine Translation


https://chinarxiv.org/items/chinaxiv-202210.00063

ChinaRxiv [$X]

Huang Y X, Zhou D W, Yue X Q, et al. 2007. Research progress of Medicago
ruthenica. Pratacultural Science, 24: 34-39. (in Chinese)

Jiang R, Li X, Zhou M H, et al. 2016. Plastic film mulching on soil water and
maize (Zea mays L.) yield in a ridge cultivation system on Loess Plateau of
China. Soil Science and Plant Nutrition, 62: 1-12.

Kader M A, Senge M, Mojid M A, et al. 2017. Recent advances in mulching ma-
terials and methods for modifying soil environment. Soil and Tillage Research,
168: 155-166.

Li F M, Guo A H, Wei H. 1999. Effects of clear plastic film mulch on yield of
spring wheat. Field Crops Research, 63: 79-86.

Li H X, Shi F L. 2006. Current situation of yield improvement and seed produc-
tion of Melilotoides ruthenica in China. Grassland and Turf, 116: 14-16. (in
Chinese)

LiHY,LiZY, Cai LY, et al. 2013. Analysis of genetic diversity of Ruthenia
Medic (Medicago ruthenica (L.) Trautv.) in Inner Mongolia using ISSR and
SSR markers. Genetic Resources and Crop Evolution, 60: 1687-1694.

Li Q, Li H B, Zhang S Q. 2018. Yield and water use efficiency of dryland potato
in response to plastic film mulching on the Loess Plateau. Acta Agriculturae
Scandinavica, 68: 175-188.

LiY, Li Z, Cui S, et al. 2019. Residue retention and minimum tillage improve
physical environment of the soil in croplands: A global meta-analysis. Soil and
Tillage Research, 194: 104292, doi: 10.1016/j.sti11.2019.06.009.

Liang Y C, Yu G X, Yang D R, et al. 1990. Study on the mechanism of
maize mulch for water storage, moisture retention and high yield. Agricultural
Research in the Arid Areas, 1: 27-32. (in Chinese)

Liao Y, Cao H X, Liu X, et al. 2021. By increasing infiltration and reducing
evaporation, mulching can improve the soil water environment and apple yield
of orchards in semiarid areas. Agricultural Water Management, 253: 106936,
doi: 10.1016/j.agwat.2021.106936.

Liu H B, Wang Y B. 2017. Growing performance of introduced Cerasus hu-
milis in semi-arid region of Dingxi. Journal of Gansu Forestry Science and

Technology, 42: 36-38. (in Chinese)

Liu H B, Wang Y B. 2018. Study on cultivation technology of Cerasus humilis
in ding-xi loess Hilly-gully region. Rural Economy and Science-Technology, 29:
27-30. (in Chinese)

Liu J L, Bu L D, Zhu L, et al. 2014. Optimizing plant density and plastic film
mulch to increase maize productivity and water-use efficiency in semiarid areas.
Agronomy Journal, 106: 1138-1146.

chinarxiv.org/items/chinaxiv-202210.00063 Machine Translation


https://chinarxiv.org/items/chinaxiv-202210.00063

ChinaRxiv [$X]

LuH D, XuJ Q, Hao Y C, et al. 2016. Effects of black film mulching on soil
environment and maize growth in dry land. Acta Ecologica Sinica, 36: 1997—
2004. (in Chinese)

Luo Y, Yang S T, Zhao C S, et al. 2014. The effect of environmental factors
on spatial variability in land use change in the high-sediment region of China’s
Loess Plateau. Journal of Geographical Sciences, 24: 802-814.

Mulumba L N, Lal R. 2008. Mulching effects on selected soil physical properties.
Soil and Tillage Research, 98: 106-111.

Peng Z K, Li L L, Xie J H, et al. 2018. Effects of conservational tillage on water
characteristics in dryland farm of central Gansu, Northwest China. The Journal
of Applied Ecology, 29: 4022-4028. (in Chinese)

Peng Z, Xiao H, Wang F, et al. 2018. Seed germination tests of Medicago
ruthenica (Leguminosae). Seed Science and Technology, 46: 149-156.

PuY S, Miao G Y, Zhou N J, et al. 2006. Spatial variation of soil temperature
in different mulching treatments. Scientia Agricultura Sinica, 5: 1069-1075. (in
Chinese)

Qi R M, Jones D L, Li Z, et al. 2020. Behavior of microplastics and plastic
film residues in the soil environment: A critical review. Science of the Total
Environment, 703: 134722, doi: 10.1016/j.scitotenv.2019.134722.

Shao C Y, Wang D C, You Y, et al. 2014. Analysis on the development status
of herbage seed industry in China. China Dairy Cattle, 9-12. (in Chinese)

Shao Y H, Xie Y X, Wang C Y, et al. 2016. Effects of different soil conservation
tillage approaches on soil nutrients, water use and wheat-maize yield in rainfed
dry-land regions of North China. Furopean Journal of Agronomy, 81: 37-45.

ShuY J, Li W, Zhao J Y, et al. 2018. Transcriptome sequencing and expression
profiling of genes involved in the response to abiotic stress in Medicago ruthenica.
Genetics and Molecular Biology, 41: 638-648.

Tang W. 2019. Effects of plastic-film mulch and straw mulch on growth and de-
velopment of Vicia unijuga at Gannan region. MSc Thesis. Lanzhou: Lanzhou
University. (in Chinese)

Wang R L, Wang Q, Cao X R. 2015. Effect of different mulch treatments on
soil physical characteristics and leaves in apple orchard. Northern Horticulture,
24: 163-166. (in Chinese)

Wilke B M. 2005. Determination of Chemical and Physical Soil Proper-
ties//Monitoring and Assessing Soil Bioremediation. Heidelberg: Springer,
47-95.

Xiao H, Peng Z, Xu C L, et al. 2018a. Yak and Tibetan sheep trampling inhibit
reproductive and photosynthetic traits of Medicago ruthenica var. inschanica.

chinarxiv.org/items/chinaxiv-202210.00063 Machine Translation


https://chinarxiv.org/items/chinaxiv-202210.00063

ChinaRxiv [$X]

Environmental Monitoring and Assessment, 190: 507, doi: 10.1007/s10661-018-
6896-8.

Xiao H, Xu C L, Zhang D G, et al. 2018b. Effects of simulated trampling
and rainfall on sexual reproduction characteristics of Medicago ruthenica var.
inschanica on alpine meadow. Chinese Journal of Ecology, 37: 1976-1982. (in
Chinese)

Xu B L, Liu F, Cryder Z, et al. 2020. Microplastics in the soil environment:
Occurrence, risks, interactions and fate—A review. Critical Reviews in Environ-
mental Science and Technology, 50: 2175-2222.

Xu K, Zhang SY, Yuan J C, et al. 2017. Effects of plastic film and straw mulch
on soil nutrients of pear orchard. Acta Agriculturae Zhejiangensis, 29: 421-427.
(in Chinese)

Yan C R, Mei X R, He W Q, et al. 2006. Present situation of residue pollution
of mulch plastic film and controlling measures. Transactions of the Chinese
Society of Agricultural Engineering, 2: 269-272. (in Chinese)

Yin M H, Li Y N, Li H, et al. 2016. Effects of mulch patterns on farmland soil
environment and winter wheat growth. Transactions of the Chinese Society for
Agricultural, 47: 127-227. (in Chinese)

Zaongo C G L, Wendt C W, Lascano R J, et al. 1997. Interactions of water,
mulch and nitrogen on sorghum in Niger. Plant and Soil, 197: 119-126.

Zhao H, Xiong Y C, Li F M, et al. 2012. Plastic film mulch for half growing-
season maximized WUE and yield of potato via moisture-temperature improve-
ment in a semi-arid agroecosystem. Agricultural Water Management, 104: 68—
78.

Zhou J J, Ma H B, Zhou Y, et al. 2017. Effects of belt-spacing of artificial
Caragana intermedia stands on the ecology of woodland on the Desert Step.
Acta Prataculturae Sinica, 26: 40-50. (in Chinese)

Zhou L M, Li F M, Jin S L, et al. 2009. How two ridges and the furrow mulched
with plastic film affect soil water, soil temperature and yield of maize on the
semiarid Loess Plateau of China. Field Crops Research, 113: 41-47.

Zhou L M, Jin S I, Liu C A, et al. 2012. Ridge-furrow and plastic-mulch tillage
enhances maize—soil interactions: Opportunities and challenges in a semiarid
agroecosystem. Field Crops Research, 126: 181-188.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv — Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202210.00063 Machine Translation


https://chinarxiv.org/items/chinaxiv-202210.00063

	Effects of Mulch and Planting Methods on Medicago ruthenica Seed Yield and Soil Physicochemical Properties (Postprint)
	Abstract
	Full Text
	Preamble
	1 Introduction
	2.1 Study Site
	2.2 Experimental Design
	2.3.1 Performance Seed Yield
	2.3.2 Actual Seed Yield
	2.3.3 Soil Moisture Content, Soil Bulk Density, and Soil Porosity
	2.3.4 Soil Temperature
	2.3.5 Soil Compactness
	2.3.6 Soil Nutrients
	2.4 Statistical Analysis
	3.1 Seed Yield of M. ruthenica
	3.2.1 Soil Moisture Content
	3.2.2 Soil Temperature
	3.2.3 Soil Bulk Density, Soil Porosity, and Soil Compactness
	3.3.1 SOM, Soil TN, and AN
	3.3.2 Soil TP, AP, TK, and AK
	4.1 Effects of Mulch and Planting Methods on M. ruthenica Seed Yield
	4.2.1 Soil Moisture Content
	4.2.2 Soil Temperature
	4.2.3 Soil Bulk Density, Soil Porosity, and Soil Compactness
	4.3 Effects of Mulch and Planting Methods on Soil Chemical Properties
	5 Conclusions
	Acknowledgements
	References


