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2. #EZEL (Grona triflora (L.) H.Ohashi & K.Ohashi)
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4. EESKGHEET (Clinopodium brownei (Sw.) Kuntz)
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Figure 1. Morphological characteristics of four ground cover plants

(A: Phyla nodiflora, B: Desmodium triflorum, C: Calyptocarpus vialis, D:
Clinopodium brownei)
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Table 1. Changes in soil carbon sequestration (0-30 cm) in citrus orchards of yuanli

township.
Soil Bulk Organic OM-C Organic  Soil organic ~ Total soil
Experimental depth  density matter factor carbon carbon  organic carbon
plot
(cm) (g/cm’) (%) (1.724) (%) (ton/ha) (ton/ha)

0-10 1.40 0.93+0.08” 1.724 0.54+0.05  7.60+0.68
Yuanli

i 24.66+1.62
(Citrus orchard) 66+1.6

10-30 1.62 0.85+0.08 1.724 0.50+0.05 17.06+1.59

"Mean + SE(n = 3)
Organic carbon (%) was calculated by dividing organic matter (%) by the conversion coefficient
1.724.

Soil organic carbon (tons/ha) = Organic carbon (%) x bulk density (g/cm?) x soil depth (cm) x 10°.
Total soil organic carbon is the sum of each soil layer.

OM-C factor refers to the organic matter to carbon conversion factor used to estimate soil organic

carbon from organic matter content.

T~ SR TAIRE IRRIESEM L (2024 £ 1 HE 10 7))

Table 2. Soil carbon sequestration changes in citrus orchard in Yuanli township (January to

October, 2024)
Tan 2024 Oct 2004 Carbon sequestration Carbon sequestration
) change change
Experimental
plot
(ton/ha) (ton/ha) (ton/ha) %
Yuanli ,
24.66+1.62 29.42+4.67 4.76+2.36 19.33

(Citrus orchard)

“ Mean £ SE (n = 3). Change in SOC stock and its percentage were calculated based on differences
between the two sampling periods.
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Table 3. Investigation of soil carbon sequestration changes under different ground cover
plant species.

Carbon sequestration Carbon sequestration
Experimental ~ groundcover ~ Jan 2024 Oct 2024

change change
plot plant species
(ton/ha) (ton/ha) (ton/ha) %
Phyla nodiflora 34.06+5.33 a 9.40+5.33 a 38.11
Grona triflora 27.49+1.58 be 2.82+1.58 be 6.42
Yuanli Calvot
(Citrus ap ,Olc,arp " 0466+1.62 27.78+2.53bc  3.12+2.53 be 12.65
vialis
orchard) Clinol oldium
P ) 33.2742.36 ab 8.62+0.92 ab 34.94
brownei
Indi
ngenons 24.5343.81 ¢ -0.1243 81c 0.5

grass species

“ Mean + SE (n = 3). Means for each groundcover plant species followed by different letter(s) are
significantly different at p < 0.05 according to Fisher’s protected LSD test.
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Figure 2. Carbon sequestration accumulation of four groundcover herbaceous species.

(A: Phyla nodiflora, B: Grona triflora, C: Calyptocarpus vialis, D: Clinopodium
brownei, E: Indlgenous grass species)
Error bar represents the standard error of mean(n=3).Mean with same letter(s)

represent not significantly different at p < 0.05 according to Fisher’s protected
LSD test.
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Table 4. Growth survey of grass species in citrus orchards after 10 months of planting

groundcover . Dry weight /
Total length hoot length Root length D h
plant species otal length (cm)  Shoot length (cm) oot length (cm) ry weight (g) Fresh weight ratio
Phyla ,
; 133.56 + 43.99a” 12434 + 4231a 922 +£333bc 2.18+090a 0.17 +£0.04a
nodiflora

Grona triflora  94.80 = 27.94b  77.70 = 30.65ab 17.10 £ 5.74a  1.54 £ 0.77bc 0.29 = 0.05 bc

Calyi’f;’;:”p’“ 45.00 £ 7.75¢ 3520 +223¢ 1334 +23lab 130+ 051bc 0.13 £ 0.03 be
Clinopodium
M 5506 £ 1230c  48.68 + 12.70¢c 638 £ 096¢c  0.86+0.58¢ 020 + 0.01¢
brownei

“ Mean + SE (n = 5). The dry/fresh weight ratio is unitless. Means for each groundcover plant species
followed by different letter(s) are significantly different at p < 0.05 according to Fisher’s protected
LSD test.
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Figure 5. Monthly average temperature and accumulated rainfall in Yuanli Township,
2024 (January—December)
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Table 5. The photosynthetic types of ground cover plants and their maximum assimilation
rates, light saturation points, and light compensation points

Light saturati Light ti
Amax ight saturation ight compensation

Groundcover plant  Photosynthetic point point
Speci
pecies type (Amax, umol CO, m?s™) (umol m2 s™) (umol m?s™)
Amaranthus spp C, 29.95 £2.24” 1037.52 65.19
Phyla nodiflora Cs, 27.13 £ 8.28 1536.39 61.66
Calyptocarpus vialis C; 12.22 £ 1.79 1676.01 46.97
Cli di
TIopodi C, 8.22 + 2.46 918.86 26.19
brownei
Grona triflora Cs 1.29 + 1.16 1775.82 184.45

“ Mean + standard error (SE)based on three replicates (n = 3). Light saturation point and light
compensation point were estimated from light-response curves.
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Fig. 4. Variations in photosynthetic rate of different ground cover plants under
photosynthetically active photon flux density (PPFD) max.

Mean = standard error (n = 3).The vertical axis (A) represents the assimilation
(photosynthetic) rate.
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ABSTRACT

In recent years, studies have shown that groundcover cultivation can effectively
enhance soil organic matter content in farmland and orchards. This study further
investigated the effects of different groundcover plant species on soil carbon sequestration
in citrus orchards. The experiment was conducted in a citrus orchard located in Yuanli
Township, Miaoli County, using four groundcover species—Phyla nodiflora (L.) Greene,
Grona triflora (L.) H. Ohashi & K. Ohashi, Calyptocarpus vialis Less., and Clinopodium
brownei (Sw.) Kuntz. The aim was to evaluate their influence on soil carbon sequestration
and photosynthetic characteristics.The results indicated that orchard management with
groundcover retention increased soil carbon sequestration by 19.33% compared to areas
dominated by indigenous grasses. Among the four species, Phyla nodiflora showed the
highest performance, contributing 9.40 t/ha of accumulated carbon sequestration (38.11%
of the total), followed by Clinopodium brownei (8.62 t/ha; 34.94%), Calyptocarpus
vialis (3.12 t/ha; 12.65%), and Grona triflora (2.28 t/ha; 6.42%).Light-response curve
analysis revealed that Phyla nodiflora exhibited the strongest photosynthetic capacity,
maintaining high photosynthetic efficiency under moderate to high light intensity. In
contrast, Grona triflora had significantly lower photosynthetic efficiency and only
began net carbon assimilation under relatively high light intensity, indicating limited
carbon sequestration potential and a higher sensitivity to environmental conditions.
Calyptocarpus vialis showed intermediate performance, adapting well to moderate light

levels and demonstrating stable ground coverage and light-use potential. Clinopodium
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brownei exhibited strong shade tolerance, maintaining stable photosynthesis in low-light
or shaded conditions, making it a suitable choice for groundcover in low-light orchard
areas.The study suggests that selecting appropriate groundcover species with different
light adaptability, based on site conditions, can enhance orchard carbon sequestration and

promote sustainable groundcover management.

Keywords: Ground cover plants, citrus orchard, soil carbon sequestration, photosynthesis
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