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The effect of soil management on the soil organic carbon
fractions in tea orchard.
Chia-Chen Pan'¥”, JenYu Chang!? and Chih-Ying Chien ()

1 Tainan District Agricultural Research and Extension Statian, Ministry of Agriculture, Taiwan
Taiwan Agricultural Research Institute, Ministry of Agriculture, Taiwan

*e-mail: ccpan@mail.tndais.gov.tw

Introduction

managament practices are essential for

Proper soil
maintaining or increasing soil organic carbon content. Farmers
applying mulch with pruned residues or peanut shells to the soil
surface or implementing grass cover cropping contribute to the
maintenance of soil organic matter, weed control, and spil

moisture retention in tea orchards. Utilizing temperature-
dependent differentiation aids in understanding the fractions of
soil organic matter. The aim of this study was to investigate the
soil (in)organic carbon fractions under different soil
managements.

Material and methods

This study was the investigation at the Taiwan agricultural
long-term ecological research site located in Nantou. The main
crop was tea tree. CA and CAll treatments involvad the mulch
with peanut shells and pruned branches. The SA treatment
implemented grass-based cultivation in the field. Soil properties
included soil pH, total carbon, total nitrogen, available calcium
and magnesium, TOC400, ROC, and TIC300. The data used in
this report was from the 2021 to 2023.

Results and discussion

Results revealed that scil organic matter was highest in the
topsoil layer{0-15 cm) and decreased with increasing depth. Soil
organic carbon levels were higher in the CA and CAll treatments,
involving the application of peanut shells and pruned branches.
In the 0-15 cm soil layer, the TOC400 of the CA and CAl
treatments increased by approximately 561% comparad to SA. In
the 15-30 cm and 30-45 cm soil layers, the TOC400 of the CA and
CAll treatments increased by approximately 18% and 26%,
respectively, compared to SA. In the 0-15 c¢m soil layer, the ROC
of SA increased by approximately 17% compared to CA and CAll
treatments. In the 15-30 cm and 30-45 cm soil layers, the ROC of
the CA and CAIl treatments increased by approximately 14% and
27%, respectively, compared to SA. The ratio of TOC to ROC in
the 0-15 cm soil layar was approximately 3.5-5.1 for CA and CAll,
and approximately 2.0 for SA. The ratio of TOC to ROC in the 15-
30 cm soil layer was approximately 2.4 regardless of treatment.
The ratio of TOC to ROC in the 30-50 cm soil layer was
approximately 2.3 regardless of treatment. The results indicate
that mulching with peanut shells and pruned branchas may
contribute to the higher TOC400 in 0-15 soil depth. Additionally,
they may supply more nutrients due to the easily decomposable
TOC400. Further study will focus on the organic carbon forms
and application rates of peanut shells and pruning residues.
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Fig. 1. The composition of TOC400 and ROC in (a)0-15 om, (b}15-30 cm, and [c)30-50
cm under three tea orchards . CA and CAll was mulched with peanut shalls and
prunad branches. 54 was grass-based cultivation.

Table 1. The soil chemical properties in 0-15 cm, 15-30 cm, and 30-50 cm under three
tea orchards.

Exchangeatie Exchangeatile
Soil depth Treampens  pH EF T N gﬁﬂ“ Mz
mgks'  mgkg!
CA 35 1T QU5 153 057 31 ]
0lsan  Cal 31 242 025 0358 084 BH &
SA 49 142 008 150 038 817 144
CA 36 08 004 15 08 103 E
1530em  Cal 32 132 009 156 03l EE ]
SA 48 086 00 152 03 733 s
CA 36 100 004 BI04 136 a
30am  Cal 33 142 0087 163 047 n: 4
SA 48 081 002 155 030 £0 ]
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Sustainability in agricultural practices: a comparative analysis of soil quality and yield in
organic versus conventional pomelo orchards in Tainan, Taiwan

Su-Yi Chen?, JenYu Chang2, Chia-Chen Pan®

1. Tainan Distric Agricutural Research and Extension Station, Ministry of Agriculture, Tainan, Taiwan
2. Taiwan Agricultural Research Institute, Ministry of Agriculture, Taichung, Taiwan

Introduction Tt the s il =2

Background . Soil taxture

To achieve the 2050 global net-zere emission gchis. Taiwan's Ministry of Agriculture | site|  Loction m o — I:ﬁll IL!JE::E""I SE:,T

:;‘da.red angtnal to reach ne{ze;\::e e by 2 Orn:I b aornl_;}adna)kf:r Type ‘I:‘:?‘ | 3 [
ieving net-zero emissions in agriculture sector. Organic faming (OF) is a key - -

sirategy in this plan, with a target s=t to expand the area under onganic farming practices T‘m——qﬁ%%‘w—m gi :;‘f—slﬁ'% ::: i:;

to 40,000 hectares by 2040. However, there is ongoing debate about whether thess Tm——asm—, - SifyLosm =367 17 u-zu| a1 o0 im

fslﬁt:anaﬂl:e farming methods can produce yields comparable to those of conventional [ [samn corel | Sityloem | 1062|8379 22.99| 788 = -

arming (CF). S| Narth Mstou|  Orgsnic Sikylosm |27.08[3850(1432( 7.73 038 18

‘Madou Wentan' pomelo orchards with organic and conventional farming | % |Morth Matow| Orgmnic Sitylosm |15.57|622%|15.78 7.32 047 3.:

‘Madou Wentan' pomelo (Citrus grandis ow. Matou Wentan) stands as a signifieant | 7 | Merth Matou | Comtentional | Siey Clag Losm | 3659 | 3178|1127 203 [(ET] 20

economic crop in the Tainan region of Tawan, where consuming this fruit during the Mid- 2 | Morth Matou | Comtentioral | sinylosm | 16.29|8847|1723) 7.3 L) 238

Auturnn Festival is a cultural tradition. In 2022, the culivation area for Madou pomelo
was approximately 1,100 hectares. The majonity of these pomelo orchards are managed
using comventional metheds, including the application of chemical pesticides and
fertilizers. Conversely, only a small fraction of these orchards employ organic farming

practices. E y e — i B —
Research objective l X H
This study aims to evaluate the environmental impacts and productivity outcomes of 3 =y !l s

organic versus conventional pomelo culfivation methods. By analyzing yield data, soil
fiertility, sod health indicators, the research seeks o provide insights into the feasibility . AW ama an ke WA DN S KR
and potential net-zere benefits of transitioning te erganic farming practices in the "Madou
Wentan' pomelo sector.

Material and Method

On farm frials

Eight sites in Tainan's Madou region were selected, distributed between the north and
south region. Each region had two organic and two conventional trial sites, with orchards
established between 1068 and 2013,

Soil sample collection and analysis

Dwwing key growth phases—Sowering, young fruit, mid-fruit, and harvest—soil samples
were taken from the top 15 cm at each site to assess texture. pH, EC, soil onganic matter
(SOM), aggregate stability, microbial populstions, and enzyme actiity using the
Flugrescein Diacetate Hydrolysis methed.

Productivity evaluation

Five representative pomelo trees per orchand were chosen to measure fresh fruit weight
and extrapolate yield per hectare, considening the total frees amount and orchard area.
Statistical analysis

T-ests was employed to evaluate the impact of organic versus conventional famming
practices on sod properties throughout the growing season and productivity. Differences
were considensd statistically signficant at a p-value less than 0.05.

Results
Soil organic matter
Ower the 2022-3024 period. SOM fluctuated seasonally for both farming methods, hitting
the lowest levels in summer. Statistical tests revealed no significant differences S0M L
between the two farming methods across different seasons (p = 0.05).
Fag. 2 Compmison of maciobil populations snd misredel enzy e iy in conventional wd sigars sl

Soil aggregate stability cechands from 2022 i 2004
Between 2023 and 2024, soil aggregate stability was chserved to be slightly higher in OF
soils compared to CF soils. However, statistical analysis indicated that these differences
were not significant (p = 0.05).

Soil microbial population

The counts of nitrogen-fising bacteria. actinomycetes, potassium-selubilizing bactena, u Conventional
and phosphonus-sohubiizing bacteria varied with the seasons but showed no signficant farming
differences between OF and CF (p = 0.05). ;

Soil enzyme activity u Organic
From 2022 to 2024, soils from OF showed consistently higher microbial enzyme actity farmiing
than CF. However, these diffierences were not statistically significant (p = 0.05).

Productivity evaluation

In 2022, pomeio yields were higher under CF compared to OF. By 2023, yields from Both £ 3 pos pr—
methods achieve comparable yield levels. Sististical analyss showed no significant

differences in pomelo yields between OF and CF over the two-year period (p > 0.05). References

# Zomoza, R., Acosta, J., Bastida. F., Dominguez, 5., Toledo, D., and Faz. A,
2015: Mentification of sensitive indicators o assess the intemelationship between

i

Piii

Yield {ke/ ha)

Conclusion

® Throughout the study period from 2022 to 2024, OF and CF exhibited simidar soil quality, management practices and human heath, Soil, 1, 173125,
impacts on soil health indicators like S0M, microbial populations, and scil aggregate 4 Seufert, V.. Ramankutty, N., Foley, J., 2012: Comparing the yieids of organic and
stability. Howewer, OF consistently showed elevated soil microbial enzyme activity conventional agricutture. Nature, 485, 228234,

relative to: CF, implying its potential in enhancing sol biochemical dynamics.
& Yield data indicate that Madou pomele orchards employ the OF can be as Acknowledgement
productive as CF, aligning with sustainability goals without compromising yield. This research was funded in whole by Ministry of Agniculture, Taiwan.
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Effects of continuous cropping soil on growth and tissue analysis of Eustoma

M.C. Wang
Tainan District Agricultural Research and Extension Station, MOA

Introduction

The occurrence of contimious cropping obstacles in Taiwan's lisianthus was first observed i grown anmually facilities. Typical symptoms mchide
stunted aboveground plant growth, significantly reduced leaf area, delayed flowering penod. adventitious roots growing underground. obvious
browning at the root base and tips. and overall slow growth (Ma et al., 2023). The reasons for the occurrence of contimmous cropping obstacles in
lisianthms are still unclear. The main locations where this occurs are greenhouse facilities that have been planfing hisiantlms contmously for 7 to 8
years or more, regardless of crop rotation patterns. This study analyzes the composition of contimuous cropping soil components, EC values, pH
values, and their effects on lisiantus growth planted in consecutively cropped soil

Material and methods

Contimous cropping soil (CCS) was collected from the facility m Huwel, Yunlin, Tarwan where had been produced listantlms for over 10 years.
Soil porosity was measured by boiling saturated water method at depth of 0 to 13 cm below the soil surface. Soil particle size was determined by
sieve analysis. The test vanety used was Eustoma “Croma IIT White', planted on October 1st, 2018. After planting for 28 days, samples were
randomly taken from some plants to Investigate plant height, leaf area, root activity measured by TTC assay. and malondialdebyde (MDA) content in

root tip cells.
Results
Table 1. Fhysical properties of contimious cropping sedl, several Yinlin-Chiayi field soil, and recommended ranges of simular seil sample.
Granule Percentage of soil - Field capacity
Source of soll  composition (¥a) Soil ty icles = 2 mm PH EC(1:5) 5.0'1 . R B References
Sand Silt Clay e ) (=2 @) porosity(8) (%)
Conimeols 54 55 3 Sand clayloam 13 79 154 286 177
cropping soil
CCS with Organic . T 2 4
JAnomEC 46 26 28 Sandclaylomm 22 19 0.48 248 16.6
Cropfieldl - — -  Sandylom - 5460 004005 - Wang et ., (2010)
Cropfild? - - —  Siltyloam - 4768 033129 - Teai etal., (2022)
Tegetmble field ~ - - Loam - 59 300 - Lin and Huang (2001)

= Confimaous cropping soil has contmuously grown liziants for 10 vears in plastic greenbouse.

Table 2. Chemical properties of confinuous cropping soil, several Yunlin-Chiayl field soil. and recommended ranges of sinular soil sample.

Source of soil m?rri?;‘?{-;.) R A\m]ahleKmman Eleme;f (mgkg!) = Soil analysis Reference
Contimuous cropping soils~~ 5.14 640 op 5632 1034 Mehlich-3
€S with Organic Ferlizer 423 884 524 4749 622 Mellich-3
Crop field 1 0.95-1.03 3756 4361 530760 7295 Mehlich-1 - Wang et al.. (2010)
Crop field 2 222306 4099 179494 10022512 10-53 Mellich-3 Tsai etal,, (2022)
Vegetable field 29 593 127 3279 609 - Lin and Huang (2001

Recommend =20 50-250 200-500 1000-3000 50-200

Table 3. Comparisens of height, node mumber, intemaede length, leaf area, roct tip activity and root tip MDA content betwesn Eustoma “Croma 11T
White” grown with or without contmuous cropping for 10 years grown for 28 days. (Experimental duration: 2018/10/01-11/30)

. Height . Intemode length Leaf area Root activity MDA content
Treatment (cm) Nodeno. (cm) () (OD/FW) (nmal £
Control 157 7.0 29 1252 81 280
cCcs 121+ 6.0 20 6354 10.609 30,7

= Control open fisld soil was collacted at TNDARES that never planted Hsianthos previously. CCS, continuons cropping seil collected at Yimlin that have contimmously grown Lsianthos for
10 years under plastic gresnbouse condidons.
W% %% " Nensiznificant or sigmificant at P < 0.05, 0.01, or 0.001 by s-test, respectively.

Conclusions

Analyzing continuous cropping soil, the texture is sandy clay loam with low porosity. high pH and EC values. The effectiveness of
muinents such as phosphorus, potassium, calcium, and magnesium exceeds the recommended values. Severe continuous cropping
obstacles may occur as early as 28 days after planting, but apart from being shorter and having smaller leaf area, there are no clear
deficiency or toxicity symptoms in the shoots of the plants. The MDA content in root tips compared to root tip activity can be used as an
indicator of confinuons cropping obstacles.

Tamnan District Agricultural Research & Extension Station, MOA
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ISMOM 2024

9th International Symposium of Interactions of Soil Minerals
with Organic Components and Microorganisms
Commission 2.5 Soil Interfacial Reactions
International Union of Soil Science

Hosted by ISMOM2024 Organizing Committee. Co-hosted by IUSS, JSSSPN, and JHSS.
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