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Soil fertility and its correlation with green-tea elemental and functional components
in a special tea-production area around Cong River in Thai Nguyen province,
Vietnam
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Introduction. In Vietnam, green tea is one of the most favorite beverage and tea production plays

an important role in the national agricultural sectors. Tan Cuong commune in Thai Nguyen province

is considered as the core center of tea production with special tea quality. The evaluation of tea

products by the stakeholders varied within the commune, which is usually higher for the tea leaves

produced around the riverside of Cong River than those away from. It could be assumed that such

difference in tea evaluation may result from the differences in soil environments due to topographic

or other conditions in the commune.

Meanwhile, it is believed that increasing N uptake from soil brings about the increase both
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in the yield and quality of tea plants, particularly the content of Theanine, which is determinant for
the “umami” and fragrance of tea infusion. Because of this, excessive N fertilizer is applied, which
may cause excessive soil acidification, the leaching loss of nutrient elements, and water pollution.
However, the information on tea garden soils has been quite limited in Vietnam. The purposes of
this study are to investigate the soils in terms of the distance from Cong River and to correlate the
soil factors with the contents of elemental components and functional components in tea leaves
including Theanine as well as Catechins (polyphenols; responsible for bitter and astringent taste
with a function of antioxidant effect) in order to develop appropriate, environmental-friendly soil

management schemes for tea production.

Materials and methods: The study area was located in the flood plain of Cong River in Tan Cuong.
The terrain was composed of back marsh lowland with interspersing rows of the current natural
dike and, followed by river terraces away from the river. Tea gardens were located on the lowlands
adjacent to the river and on the previous dikes or hill slopes.

Three transect lines (A, B, and C) were installed perpendicularly to the river, each on
which four study sites were established. They were coded as Al to A4, Bl to B4, and C1 to C4. For
comparison, four forested patches adjacent to the tea gardens on transect B (BF1, BF2, BF3, and
BF4) were selected. In addition, three tea gardens were studied in Song Cau (S1, S2, and S3) which
was considered as the inferior tea production area.

For pedological characterization, soil profiles were described at B1 to B4 and S1 and soil
samples were collected from each pedological horizon for general physicochemical analysis, clay
mineral composition, Al, Fe and Si oxide-hydroxides, and total element contents. To assess soil
fertility, soil samples were collected at the depth of 0-10 cm and 20-30 cm in all study sites and
analyzed for general physicochemical properties and DTPA-extractable contents of Mn, Fe, Cu, and
Zn. Undisturbed soil samples were collected at the depths of 0-10 cm and 20-30 cm in Bl to B3,
BF1, BF3, and S1 sites to assess soil physical properties. At Bl to B4, soil solution was weekly

collected at 20 cm depth and its chemistry was analyzed. Meanwhile, tea leaf samples were collected
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for the total element analysis. For tea infusion by boiling water, the contents of total elements and
the concentrations functional components (Theanine, Catechins, total polyphenols, and antioxidant

activity) were determined.

Results and Discussion

Pedological characteristics. Although all soils were strongly acidic throughout the profile with
high contents of exchangeable Al, pedological characteristics varied, depending on physiological
location of tea gardens and soil disturbance: the B1 and BF1 soils at the riverside were classified as
Typic Ustipsaments. They were deep, sandy-textured, and predominated by quartz and kaolin
minerals in the clay fraction. Meanwhile, the B2 to B4 and BF3 soils far from the river were Typic
Dystrustepts while the S1 soil was Typic Paleustults. These soils were relatively shallow, fine-
textured with 2:1 clay minerals as well as kaolin minerals. The (Fes-Feo)/Fe ratio was the lowest in
B1 and BF1 sites and the highest in S1 site. These results indicated that the former soils were
supplied as sediments upon flooding while the latter were intrinsic in relatively moderate-weathered
status. The analysis of total element contents supports these views. In addition, the influences of

soil disturbance were observed in the soil profiles and properties in B2 and B4 sites.

Soil fertility. The soils showed strongly acidic nature with the average pH(H20) of 3.7 at the surface
and 3.9 at the subsurface. The ECEC was low, and dominated by exchangeable Al. In spite of such
acidic condition, a relatively large saturation of exchangeable Ca, K, and Mg on the ECEC was
found in the surface soils. The level of available P was high, occasionally exceeding 1000 and 500
mg kg at the surface and subsurface, respectively. Nitrification was not restricted, and a portion of
NH4-N applied as fertilizers was converted to NO3-N in the surface soils to move down to deeper
layers.

Three determinant factors of soil properties and fertility were identified: the first is the
distance from the river for which soil texture classes varied from sandy loam close to the river to
light clay far from the river. Physical properties were related to soil texture and also depended on
the distance from the river. Influences on these properties by soil compaction were found at the
riverside site. In addition, the exposure of subsurface soils due to severe disturbance was found in

the farthest site from the river. The second was the garden age for which the levels of T-C and T-N
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were correlated with increasing age, suggesting that the addition of plant residue and manure
replenished soil organic matter pools after the establishment of tea gardens. Lastly, fertilizer
management practices principally determined the levels of the exchangeable bases, available P, and
mineral N. However, a significant portion of these nutrients was likely to exist in water soluble
forms without adsorption onto soils. Chemistry of soil solution also revealed that a lot of acids and

nutrients were leached down and lost from soils.

Tea quality evaluation. The contents of mineral elements in tea leaves and tea infusion were in a
harmless range for consumers. Regarding to the functional components, tea quality in the riverside
sites was superior both in Theanine and total polyphenol contents of tea infusion, compared with
those on the previous dikes and Song Cau, which corresponded to the market evaluation. Therefore,
it is supposed that the increasing Theanine content could contribute to rising the market prices of
tea products. The correlation analysis between mineral elements in tea leaves and functional
components in the infusion revealed that the elements N, P, K, and Zn taken-up by tea plants could
enhance the synthesis and accumulation of Theanine while the increasing Ca, Mg, and Al could lead

to those of polyphenols including Catechins

Important soil factors affecting tea quality. The multiple regression analysis revealed that pH,
EC, and exchangeable Mg in the surface soils and potentially available Zn in the subsurface soils
had significant effects on the levels of total polyphenols, Catechins, and antioxidant activity in tea
infusion. The enhancement of the synthesis of phenolic compounds as a defensive substance may
induced by the soil conditions with strongly acidic nature, a relatively high content of exchangeable
Mg and the deficiency of Zn, which may result in more bitter taste of tea products. The obvious
case was the higher contents of total polyphenols and Catechins of tea infusions from Song Cau due
to the combination of negative effects of these soil factors. In contrast, judging from the positive
correlations between the Theanine content in tea infusion and total contents of N, P, K, and Zn in
tea leaves and negative correlations between those contents in the tea leaves and clay contents of
the soils, it is suggested that the availability of these elements are crucial to building up the umami
taste and fragrance. This is the case of higher contents of Theanine of tea infusions at the tea gardens

at the riverside (Al, B1, and C1 sites) with the coarse-textured soils, which could allow readily
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uptake of fertilizer nutrients as water-soluble forms. Thus, according to the soil and tea-leave
analysis, soil managements to increase the availability of N, P, K, and Zn and reduce exchangeable
Mg under moderately acidic condition are required to improve tea quality through enhancing the

synthesis of Theanine and retarding that of polyphenols.

Conclusion

As the conclusion, the management replacing the current system depending on chemical fertilizer
is recommended for the enhancement of tea quality through environmentally-friendly tea
production. Firstly, the application of green manure of tea pruning materials is essential to increase
the contents of soil organic matter (humic substance, especially) with the aim at improving CEC
promoting soil aggregate formation. The second is the improvement of soil chemical aspects with
appropriate alleviation of soil acidity as well as balanced nutrient composition to stimulate the
synthesis of Theanine. For this, although expanding use of handmade organic manure by households
is important, the connection between tea production and organic fertilizer factory should be
established to facilitate the supply of organic fertilizer with sufficient quantity and modified quality
with balanced nutrient composition. In addition to such organic manure, biochar technique should

be tested and optimized for tea production.
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1. Study background

Shrimp aquaculture is very important to the socio-economic development in southeast Asian
countries. Since 2009, the number of intensive and super-intensive farms have become dominant.
Without treatment or management, however, shrimp farming with high stocking density releases into
the natural environment much waste water and sludge, which are the main causes of pollution
(eutrophication) and deterioration. Sludge accumulated in the center of the pond has a serious effect
on the aquaculture of shrimps, and can cause mass mortality. Treatment and management of organic
sludge are, therefore, urgent issues in shrimp aquaculture.

One way to rehabilitate eutrophic pond environments is to use the food chain of multi-trophic
interactions. The management of organisms that occur naturally in shrimp ponds, and their use as

shrimp food can contribute to enhance the economic feasibility of shrimp culture. There is growing
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interest in insect larvae as a protein source for aquatic animals. Chironimid (midge) and mosquito
larvae are important in the trophic dynamics and nutrient recycling in aquatic ecosystems for aquatic
animals. Gutweed (Ulva intestinalis) is a macrophyte green alga (Chlorophyta) that grows abundantly
in brackish. water areas in Thailand. It can fix dissolved inorganic nitrogen into amino acids and
proteins, and can be used as nutrient by animals living in shrimp ponds. Gutweed may also provide
shelter for small aquatic fauna such as insect larvae, thereby increasing their abundance. Raking
shrimp-pond sludge releases nitrogen into the water column and enhances the growth of gutweed so

that nutrients from wastes can be recycled to consumable live food for aquatic organisms.

2. Objectives

This study was designed to investigate 1) the occurrence and levels of nitrogen in shrimp-
culture microcosms with different feeding regimes, 2) the effect of gutweed on their nitrogen budget,
3) the importance of naturally-occurring insect larvae and gutweed as protein sources and as
complementary food in shrimp aquaculture, 4) the use of gutweed and raking pond sludge to enhance
the abundance of insect larvae. Overall, the study aims to establish an improved practice for shrimp

aquaculture, that has both economic and environmental benefits.

3. Experimental work
The experimental work is described in five chapters.

3.1 Nitrogen changes in culture microcosms (Chapter II).

To investigate the fluctuation of nitrogen in white shrimp (Litopenaeus vannamei) ponds with
different feeding strategies, four sets of the treatments were prepared in microcosms, namely: without
pellets (T1, control), with commercial pellet feed (T2), without pellets but with gutweed planted (25
g/m? for three weeks) (T3) and with pellets and with gutweed planted (25 g/m? for three weeks) (T4).
The sludge was raked once a week for two weeks in each microcosm and gutweed was planted in
treatments T3 and T4 and allowed to grow for three more weeks. Postlarvae of white shrimp (50
individuals/m?, average weight 0.003 g/individual) were then stocked into each microcosm and
cultured for five weeks. The accumulation of nitrogen in the water and sediment was higher in the
microcosms with pellets but not when gutweed was planted, even when pellets were fed. The amount
of organic nitrogen in the sediment tended to increase when pellets were given, though it was not so
great and it was minimised when gutweed was planted. Planting gutweed, therefore, could reduce the

accumulation of nitrogen in the sediment and the water column that occurred with pellet feeding.

3.2 Insect larvae and gutweed as complementary food (Chapter III)
Shrimps ) body weight 0. 12 + 0.03 g/individual, body length 2.7-2.8 cm( were fed for three

weeks with either chironomid (midge) larvae, mosquito larvae, or gutweed, and compared with
shrimps fed with the usual pellets (positive control) and with shrimps given no food (negative
control). White shrimps (L. vannamei) consumed both animal and plant matter, but chironomid larvae
were most quickly digested, suggesting that they were the most acceptable food. All the foods
promoted shrimp growth but, after three weeks, shrimp growth with chironomid larvae and pellets

was equally and significantly higher ) P<0.05( than with the other treatments. The food conversion
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efficiency (FCE) of shrimps fed on chironomid larvae was highest and FCE was significantly different
between treatments (P< 0.05). The survival rates of the shrimps given the three different foods were
not significantly different and no evidence of adverse effects on shrimp health was observed.
Chironomid larvae were most effective as the complementary food source, but mosquito larvae and

gutweed were also promising as live food for juvenile white shrimps.

3.3 Natural foods as protein sources and partial replacement of pellets (Chapter 1V)

In an experiment like that described in section 3.2, protein utilization by juvenile white
shrimps was investigated. Net protein utilization by shrimps fed on chironomid larvae (36.6 £ 3.5%)
was similar to that of shrimps fed on pellets, and higher (P<0.05) than that of shrimps fed on mosquito
larvae (18.6 £ 2.1%) or gutweed (20.4 £+ 2.0%). Food conversion efficiency was highest for shrimps
fed on chironomid larvae (147 + 14.0%), followed by pellets (92.5 + 5.02%). Mosquito larvae and
gutweed gave lower values (P <0.05). Average growth rate (AGR) for shrimps fed chiromomid larvae
or pellets was similar (21.1 £ 4.7%, and 19.5 £ 2.2%, respectively), and significantly higher (P <0.05)
than those for shrimps fed mosquito larvae (8.4 + 3.0%), gutweed (8.0 = 0.8%) or no food (0.15 +
0.5%). Feeding with a combination of pellets and insect larvae showed higher (P <0.05) AGR and
protein efficiency ratio. As much as 75% of commercial pellets can be replaced by insect larvae
without any negative effect on growth and survival of juvenile white shrimp in aquaculture ponds.

3.4 Enhancement of the abundance of insect larvae (Chapter V)

Pond sludge in the microcosms was raked to release dissolved nitrogenous compounds into the
water column, then different amounts (0, 28, and 56 g/m?) of gutweed were planted but no shrimps
were added. The number of chironomid and mosquito larvae increased in the raked microcosms.
Chironomid larvae showed a higher correlation to the gutweed biomass than did mosquito larvae, and
most (90%) were associated with the gutweed planted. When post-larvae (initial weight 0.013
g/individual) of black tiger shrimp (Penaeus monodon) were cultured for five weeks with commercial
pellets (A), with neither pellets nor gutweed (B), or without pellets but with gutweed (56 g/m?) planted
(C), there was no significant difference in shrimp growth between microcosms A and C. Gutweed
stimulated the abundance of insect larvae, in particular the abundance of chironomid larvae. Planting
gutweed in raked shrimp ponds was recommended as a way to support the growth of juvenile shrimps
efficiently and was expected to reduce the amount of pellet feed necessary for shrimp aquaculture.

3.5 Role of gutweed in the nitrogen budget (Chapter VI)

A static model was used for calculation of. nitrogen budgets in the microcosms with different
feeding strategies (treatments T1-T4 in section 3.1). The shrimp nitrogen output was highest in the
microcosm with both pellet feeding and gutweed planted (T4) followed by that with pellet feeding
alone (T2), that without pellet but with gutweed planted (T3) and the control microcosm (T1),
respectively. Sediment accumulated nitrogen in the microcosms with pellet feeding, whilst there was
a net release of nitrogen in the microcosms without pellet feeding. The highest accumulation of
nitrogen in sediment was in microcosms with pellet feeding but without gutweed planted but it was
eight times higher than that in the microcosm in which pellets were fed but no gutweed was planted.
In microcosms in which gutweed was planted, insect larvae also contributed to the nitrogen budget.
The microcosm with planted gutweed and pellet feeding (T4) had the highest natural productivity
from insect larvae and gave the highest survival rate and significantly higher biomass of shrimps than
other treatments (P<0.05).

4. Conclusion

From the results obtained in this study, raking sediment stimulates the release of nutrients
(nitrogen) into the water column and primary productivity, thus enhancing the nitrogen cycling in
shrimp ponds. The planting of gutweed stimulates the transformation of nitrogen through insect

larvae, and natural productivity. The effective use of insect, especially chironomid, larvae, could
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reduce the requirement for feed pellets, and also reduce the accumulation of nitrogen in sediment,

thus promoting an eco-friendly system for shrimp aquaculture.
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