
AI translation ・View original & related papers at
chinarxiv.org/items/chinaxiv-201703.00044

Effects of Cynodon dactylon–Hemarthria al-
tissima Intercropping on Plant Biomass under
Different Flooding Conditions: Postprint
Authors: Chen Jinping, Zeng Chengcheng, Wei Hong, Liu Yuan, Wang
Zhenxia, Jia Zhongmin

Date: 2017-03-08T00:00:00+00:00

Abstract
Understanding the optimal planting configurations of Cynodon dactylon and
Hemarthria altissima under varying waterlogging regimes is crucial for vegeta-
tion restoration in degraded wetlands. Four water treatments were established:
control (CK), flooding-drought alternation (FD), soil surface flooding (FL), and
complete submergence (SM), combined with four planting densities (1, 2, 4, or 12
plants per pot) and two planting patterns (monoculture and mixed culture), to
investigate biomass variations in both species under different waterlogging con-
ditions, planting methods, and densities. The results showed that water regime,
planting density, and planting pattern all significantly affected the aboveground
biomass and total biomass of both species (P < 0.05). Under CK and FD con-
ditions, mixed culture at medium and high densities significantly reduced the
aboveground and total biomass of C. dactylon compared to monoculture (P <
0.05), whereas H. altissima biomass in mixed culture showed a certain increase
relative to monoculture, with significant enhancement under high-density mixed
culture (P < 0.05). Under FL conditions, mixed culture at medium and low
densities enhanced the biomass of both C. dactylon and H. altissima to varying
degrees. Under complete submergence, medium- and low-density mixed culture
significantly promoted the aboveground and total biomass of C. dactylon (P <
0.05), but exhibited no significant effect on H. altissima (P > 0.05); high-density
mixed culture showed no significant influence on the biomass of either species (P
> 0.05). As the degree of waterlogging increased, the growth inhibition imposed
by mixed culture on C. dactylon gradually diminished. In regions experiencing
long-term shallow waterlogging, medium- and low-density mixed culture would
be more favorable for the long-term coexistence of H. altissima and C. dactylon.
In completely submerged areas at lower elevations, high-density mixed culture
of H. altissima and C. dactylon represents a more optimal strategy.
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Abstract

The water-level fluctuation zone of the Three Gorges Reservoir has experi-
enced severe ecological degradation, particularly vegetation loss. Revegetation
projects using riparian species such as Cynodon dactylon and Hemarthria al-
tissima have been implemented as a key restoration strategy. Understanding
plant growth responses to different flooding regimes and identifying suitable
planting patterns are critical for improving wetland management strategies.
This study investigated the optimal planting patterns for these two species un-
der four flooding conditions: control (CK), flooding-dry alternating (FD), soil
surface flooding (FL), and submergence (SM). Four planting densities were es-
tablished (1, 2, 4, or 12 plants per experimental pot), with mixed intercropping
applied at a 1:1 ratio in pots containing 2, 4, or 12 plants.

Results indicated that water treatment, planting density, and planting pattern
significantly influenced the aboveground and total biomass of both species (P <
0.05). Under CK and FD conditions, C. dactylon biomass significantly decreased
in mixed intercropping at medium and high densities (P < 0.05), whereas H.
altissima biomass significantly increased at high density (P < 0.05). Under FL
conditions, low- and medium-density mixed intercropping enhanced C. dactylon
biomass (P < 0.05), while H. altissima biomass increased across all densities.
Under SM conditions, low- and medium-density mixed intercropping signifi-
cantly increased C. dactylon biomass (P < 0.05) but did not affect H. altissima
biomass (P > 0.05). The inhibitory effect of mixed intercropping on C. dactylon
diminished with increasing flooding stress. These findings suggest that low- and
medium-density mixed intercropping promotes long-term coexistence in areas
with prolonged shallow flooding, while high-density mixed intercropping is opti-
mal for completely submerged low-altitude areas in the Three Gorges Reservoir
region.
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1. Materials

The experimental materials consisted of Hemarthria altissima and Cynodon
dactylon. Cuttings were collected from the Beibei section of the Jialing River
on May 16, 2015, and cut into 5 cm segments for propagation. Uniform, healthy
cuttings were transplanted into plastic pots measuring 22 cm × 15 cm × 17
cm (top diameter × bottom diameter × height). All potted plants were main-
tained in an ecological experimental garden at 249 m elevation under identical
light and water conditions for acclimation prior to treatment. Only main stems
were retained, and all plants exhibited vigorous growth with new roots and
shoots before treatment initiation. The basic physicochemical properties of the
experimental soil are presented in .

**** Basic physicochemical characteristics of the soil

Parameter Value
pH 7.82
Organic matter (%) 1.32
Total N (g/kg) 0.82
Total P (g/kg) 0.31
Total K (g/kg) 7.72
Alkali-hydrolyzable N (mg/kg) 129.54
Available P (mg/kg) 31.72
Available K (mg/kg) 33.6
Field capacity 33.6%

2. Experimental Design

Hemarthria altissima seedlings approximately 35 cm tall and C. dactylon
seedlings approximately 32 cm tall were randomly assigned to experimental
groups based on three factors: water treatment, planting density, and planting
pattern. The experimental design is summarized in .

Four water treatments were established: - CK (Control): Maintained at 70–
80% field capacity (33.6%) - FD (Flooding-Dry Alternating): Alternating
between soil surface flooding (5 cm depth) and mild drought (50–55% field
capacity) - FL (Soil-Flooding): Continuous soil surface flooding at 5 cm
depth - SM (Submergence): Water level maintained 5 cm above plant tops,
adjusted as plants grew
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Treatment intensity increased in the order: CK < FD < FL < SM. Pots were
randomly positioned and regularly rearranged to minimize environmental het-
erogeneity, with sufficient spacing to prevent interference.

Three planting densities were implemented: - Low density: 1 plant per pot -
Medium density: 2 or 4 plants per pot - High density: 12 plants per pot

For mixed intercropping, C. dactylon and H. altissima were planted in alternat-
ing arrangements at a 1:1 ratio. Single-crop controls were established for each
species at each density.

4. Statistical Analysis

SPSS 20.0 software was used for three-factor analysis of variance (ANOVA) to
examine the effects of water treatment, planting density, and planting pattern on
root biomass, aboveground biomass, and total biomass. Post-hoc tests compared
differences between sole and mixed cropping under identical water and density
conditions. All biomass values were calculated as the average of individual
plants within each treatment group. Plant material was separated into root and
shoot components, oven-dried at 75°C to constant weight, and weighed using
an electronic balance.

Results

1. Effects of Flooding and Planting Patterns on Cynodon dactylon
Biomass All C. dactylon plants survived across treatments (100% survival).
Three-factor ANOVA revealed that water treatment and planting density had ex-
tremely significant effects on root, aboveground, and total biomass (P < 0.01).
Planting pattern and all two-way and three-way interactions significantly af-
fected aboveground and total biomass (P < 0.05) .

**** Effects of water treatment, planting density, and planting pattern on C.
dactylon biomass

Source Root biomass Aboveground biomass Total biomass
Water treatment ** ** **
Planting density ** ** **
Planting pattern ns * *
Water × Density ** ** **
Water × Pattern ns * *
Density × Pattern ns * *
Water × Density × Pattern ns * *

Note: **P < 0.01, *P < 0.05, ns = not significant
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Under CK and FD conditions, mixed intercropping at medium and high densities
significantly reduced C. dactylon aboveground and total biomass compared to
sole cropping (P < 0.05). In contrast, low-density mixed intercropping produced
biomass values comparable to sole cropping (P > 0.05). Under FL conditions,
low- and medium-density mixed intercropping significantly increased biomass (P
< 0.05), while high-density mixed intercropping showed no significant difference
from sole cropping (P > 0.05). Under SM conditions, low- and medium-density
mixed intercropping significantly enhanced aboveground and total biomass (P
< 0.05), but high-density mixing showed no significant effect. Under complete
submergence, all C. dactylon leaves withered, but rhizomes remained viable.

2. Effects of Flooding and Planting Patterns on Hemarthria altissima
Biomass Hemarthria altissima also exhibited 100% survival. Water treatment
and planting density had extremely significant effects on all biomass parameters
(P < 0.01). The water × density interaction and planting pattern significantly
affected aboveground and total biomass (P < 0.05), while other interactions
were not significant .

**** Effects of water treatment, planting density, and planting pattern on H.
altissima biomass

Source Root biomass Aboveground biomass Total biomass
Water treatment ** ** **
Planting density ** ** **
Planting pattern ns * *
Water × Density ** ** **
Water × Pattern ns ns ns
Density × Pattern ns ns ns
Water × Density × Pattern ns ns ns

Note: **P < 0.01, *P < 0.05, ns = not significant

Under non-submergence conditions (CK, FD, FL), low-density mixed intercrop-
ping did not significantly affect H. altissima biomass compared to sole cropping
(P > 0.05). However, high-density mixed intercropping significantly increased
total and aboveground biomass under CK and FD conditions (P < 0.05). Under
SM conditions, low-density mixed intercropping enhanced biomass but without
statistical significance (P > 0.05), while high-density mixing showed no signifi-
cant difference from sole cropping.

[Figure 1: see original paper] Effects of water treatment, planting density,
and planting pattern on C. dactylon biomass. Values are means; different lower-
case letters indicate significant differences between planting patterns under the
same water treatment and density (P < 0.05).

[Figure 2: see original paper] Effects of flooding and planting pattern on H.
altissima biomass.
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Across all treatments, H. altissima generally produced higher biomass than
C. dactylon. Cynodon dactylon biomass declined with increasing water
stress, whereas H. altissima maintained high biomass under non-submergence
conditions but decreased sharply under complete submergence. Under
non-submergence conditions, both species showed decreasing biomass with
increasing density in both cropping systems. Mixed intercropping generally
enhanced H. altissima biomass across all parameters, while benefiting C.
dactylon only under FL and SM conditions.

Discussion and Conclusion

Mixed intercropping can improve root physiological metabolism and promote
soil microbial activity, maintaining high levels of microbial quantity and enzyme
activity [20–21]. It can also yield significant production benefits [22], improve
plant nutrition [23–24], and coordinate inter-plant interactions [25]. However,
intra- and interspecific competition represents a major limiting factor for plant
growth. Species sensitive to interspecific competition may face exclusion if they
remain at a competitive disadvantage.

Under normal water conditions, mixed intercropping significantly reduced C.
dactylon total and aboveground biomass at medium and high densities, while H.
altissima biomass increased at high density but showed no difference at medium
density. This indicates that C. dactylon growth was suppressed by interspe-
cific competition under non-flooded conditions. Inappropriate species combina-
tions can lead to yield reductions, consistent with previous findings [27]. Plant
competition is complex and sensitive, influenced by multiple factors including
rhizobium inoculation [28–29] and abiotic stresses such as salinity [30].

Research on Alternanthera philoxeroides demonstrated that competition inten-
sity decreased with increasing water level, shifting to facilitation when water lev-
els exceeded 40 cm above plant tops [31]. Flooding stress is thus an important
factor affecting competition intensity, which is species-specific [32] and closely
related to environmental conditions [33]. In this study, mixed C. dactylon
remained suppressed under alternating wet-dry conditions, while H. altissima
biomass increased across all mixed densities, particularly at high density. This
differential response likely reflects species-specific flooding adaptations: H. al-
tissima employs escape strategies (stem elongation, leaf area expansion) to main-
tain high biomass under non-submergence stress [4], whereas C. dactylon growth
declines with increasing water stress [5]. The larger biomass of H. altissima may
shade C. dactylon, reducing its competitive ability under low-stress conditions,
as evidenced under FL conditions at high density.

Under continuous soil flooding, low-density mixed intercropping promoted
biomass in both species, suggesting that flooding mitigated C. dactylon’s
competitive disadvantage. Therefore, low- and medium-density mixed inter-
cropping would favor long-term species coexistence in such conditions. Under
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complete submergence, high-density mixing had no significant effect on either
species, while low-density mixing significantly increased C. dactylon biomass
and moderately enhanced H. altissima growth. This may occur because
submergence suppresses growth in both species, reducing H. altissima’s
competitive advantage and allowing facilitation to become more prominent [34–
36]. Species interactions can shift from competition to facilitation under high
environmental stress [36], and mixed cropping often outperforms monoculture
by alleviating intense intraspecific competition [13, 37].

Biodiversity positively correlates with stability [38], and positive species inter-
actions can extend community coexistence and enhance species richness [39].
Under submergence, high-density mixed intercropping of H. altissima and C.
dactylon is recommended to improve vegetation coverage and soil retention [40].

In summary, optimal planting strategies vary with flooding conditions in the
Three Gorges Reservoir region: - High-altitude, non-flooded or wet-dry
alternating zones: Mixed cropping disadvantages C. dactylon; sole cropping
is recommended. - Long-term shallow-flooded zones: Low- and medium-
density mixed intercropping promotes coexistence. - Low-altitude, com-
pletely submerged zones: High-density mixed intercropping is optimal for
restoration outcomes.

These findings provide practical guidance for vegetation restoration in reservoir
wetlands and other degraded ecosystems.
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