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Nutrient characteristics in hydrological processes of Chinese fir

plantation ecosystem
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Abstract: Based on the data collected over 5 years from January of 1990 to December of 1994 at Huitong
Located Research Station of Forest Ecology. the nutrient characteristics of hydrological processes in a
Chinese fir plantation ecosystem of 24 ~ 28 years old were investigated. The results showed that
precipitation was a main source of nutrient input in Chinese fir plantation. The concentration of Ca was the
highest and that of P was the lowest in precipitation. The nutrients concentrations in throughfall were

conspicuously higher than those in precipitation. Except for Ca, the concentrations of other nutrient
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elements in stemflow were 6 times higher than those in precipitation. The nutrient transfer in throughfall
and stemfall was a critical function of the intrasystem nutrient cycling that could improve nutrient use
efficiency. The nutrient concentrations in surface runoff were roughly the same as those in throughfall
except for NO;-N. Compared with other nutrient elements, the concentrations of P, Na and K were lower
in surface runoff but did not exceed those in precipitation. In ground runoff, the concentrations of N and K
were lower and no difference was found in Ca between ground runoff and precipitation. The differences of
total nutrient concentration in hydrological processes over months and years were significant or even
extremely significant. Although the surface runoff and ground runoff inevitably resulted in nutrient losses.,
a net nutrient accumulation in 24 ~ 28 year old China fir plantation indicated that the plantation at the
stable stage could control nutrient loss.

There were three factors, i.e. form of precipitation, lightning and location. that affected nutrient
concentration and water quality variation. NO;-N concentration in rainfall was almost 2 times as much as
that in snow. The concentrations of NH,-N, K and Mg were higher in rainfall than in snow and hailstone.
Although the concentrations of P and Ca were higher in snow, no difference was found between the rainfall
and hailstone. Lightning remarkably increased nutrient concentrations in precipitation. In particular, when
lightning occurred in the lower atmosphere over the watershed, the concentration of N was increased by 3
~5 times. Because of better site conditions in the valley and foot of the hill, nutrient concentrations in
throughfall were higher than those in the slope, and the nutrient concentrations in the valley and foot of
the hill were approximately the same. The factors such as rain time, precipitation form and topography
should be considered when the samples are collected for chemical analysis.

Key words: Chinese fir plantation; hydrological process; nutrient concentration; precipitation form;
topography
:1000-0933(2003)07-1369-08 :0661.1,S718. 5 A

1 Introduction

Water represents the greatest flow of any material substance through an ecosystem and is always an
essential factor in any stage of tree growth!!l. Precipitation, as the main source of water required by the
growth of stand trees, plays an important role in carrying various substances into a forest ecosystem? *1,
Dusts and particles in the air therefore enter the forest ecosystem along with precipitation as input of
chemical substances). Although the contents of those substances imported at each individual precipitation
event are low. their long-term accumulation becomes an important component of biogeochemical cycle.
Accurately analyzing the nutrient contents in various hydrologic processes is therefore very important for
studying the nutrient input and output of a forest ecosystem and making evaluation of nutrient cycling. In
recent years, analysis of water quality in forest hydrologic processes is becoming more and more
concerned. However, information and related documents on this subject are not extensively reported.
With the aim to provide foresters and researchers in forest hydrology with some information, the results of
characteristics analyses of nutrients in hydrologic processes obtained from our experimental watersheds of
Chinese fir plantation ecosystem are presented as follows.
2 Site description

The research was conducted at Huitong Located Research Station of Forest Ecology, one of the
National Key Field Station for Scientific Observation and Experiment (E109°45", N26°50"). It belongs to
the subtropical monsoon climatic zone with the annual mean air temperature of 16. 8°C, annual relative

humidity of 80% and total annual rainfall of 1100~ 1400 mm. The topography is characterized by the
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lower hill with the altitude from 270 to 400 m above sea level. Forestland soil is typical mountainous
yellow soil derived from metamorphic slate and shale rocks. The pH-value of the soil is 4.5 and organic
matter content is equivalent to 18.1 g/kg. The bulk density of the soil ranges from 1.11 to 1. 25 g/cm®.
There are 8 parallel experimental small watersheds with similar topography and habitant environment.
The area of each small watershed is about 2 X 10" m*. The experimental stand of Chinese fir plantation
during the study period was 24~ 28 years old. The stand density was 2276 trees per hectare, with the
average height and diameter at breast height of 12. 8 m and 14. 1 cm, respectively.

3 Materials and methods

All water samples to be collected for our study were taken from the runoff plot of the experimental
watershed of Chinese fir plantation ecosystem. Precipitation samples were collected from precipitation
gauge fixed on two measuring towers, which were set up over the forest canopy at the top and foot of the
valley in Watershed. Throughfall samples were taken from three 18 ~ 20 m? receivers installed in the
valley, slope and foot of the hill. Stemflow samples were collected from receivers fixed at the stem
ground, and the samples of surface and ground runoff were collected from the watershed weirs. According
to weather condition and forest processes at each individual precipitation event, water samples were graded
and collected in clean plastic bottles. The volume of each water sample was around 2000 ml. In order to
prevent algae from growing, 5 drops of methane trichloride (CH,Cl;) were added into each sample before
sampling. The chemical analysis was undertaken by the Research Laboratory of Forest Ecology at our
institution.

The pH value was determined by electric potential method. The analysis for NH;-N, NO;-N and
organic N was performed using naxon-agent colorimetric method, phthol disulforic acid colorimetric
method and vaporization colorimetric method, respectively. The concentration of P was determined by
molybdic-blue colorimetric method and the concentration of Na was measured by flame photometer
method. The analysis for K, Ca and Mg was performed using atomic absorption spectrometer equipment.
4 Results
4.1 Nutrient concentration in hydrological processes of Chinese fir plantation

In precipitation, some amounts of the nutrients imported are intercepted and absorbed by the leaves in
the canopy, whereas those nutrients un-intercepted or leached from the canopy come into the forest floor

with throughfall and stemflow " ¢,

Those nutrients then enter soil or are exported from the system along
with surface and ground runoff. Among these processes, variation of nutrient concentration is rather
complex and is affected by tree species, nutrient regime in the canopy., weather condition and
precipitation. In order to prevent deviation, accurate determination of nutrient concentration in these
processes should be validated by the data of chemical analyses of a great number of precipitation events.
The weighted mean nutrient concentrations in various hydrological processes, calculated from a number of
hydrochemical analyses made in 5 year-study, were presented in Table 1.

(1) Nutrient concentration in precipitation The main sources of nutrients in precipitation above the
canopy are dusts and particles floating in the air, and substances produced through chemical reactions
caused by lightning. Among nutrients in precipitation, the concentration of Ca was 1.31 mg/kg and
ranked the highest, and P had the lowest concentration in precipitation. Moreover, NH,-N was the
primary form of nitrogen and its concentration was 2. 9 times as high as that of NO;-N.

(2) Nutrient concentration in throughfall The nutrient substances in throughfall are those that are
not intercepted or inputed into the system along with precipitation, and other substances of dusts,
6]

particles and organic substances leached from the canopy Apart from the emulsion and secretion of
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plants, all the nutrients attaching to leaf-surfaces are external. Meanwhile, nutrients in leaf cells are
displaced by hydrogen cation in precipitation. Because of interception and leaching, the nutrient contents in
throughfall were higher than those in precipitation above the canopy. The concentrations of Na., Mg, K,
Ca, inorganic nitrogen and P were 4.8, 3.9, 3.6, 1.7, 2.2 and 2 times as much as those in precipitation,
respectively.

Table 1 The average nutrient concentrations in forest hydrologic processes over 5 years from January 1990 to November

1994 (mg/kg)

Ttem Timesof © 1 NOAN NHAN  OrgN P Na K Ca Mg
hydrochemical analysis

Precipitation 39 6.0 0.119 0. 342 0.049 0.80 0.90 1.31 0. 30

Throughfall 202 5.9 0.199 0.714 0.670 0.098 3.82 3.22 2.17 1.17

Stemflow 33 4.3 0.734 1. 745 1.496  0.323 5.13 4.96 2.44  2.28

Surface runoff 126 6.1 0.411 0. 894 0.754 0.076 3.36 3.92 3.29 1.85

Ground runoff 129 6.5 0. 086 0. 286 0 0.060 8.36 0.70 1.33 1.51

(3) Nutrient concentration in stemflow Stemflow is the water that flows down the surface of the
boles after the bark is saturated with water. Among all the forest hydrological processes, stemflow
contained the highest nutrient contents. To be more specific, the nutrient contents in stemflow were 5
times over those measured in precipitation except for Ca and K.

(4) Nutrient concentration in runoff  Surface runoff refers to the water running across the soil
surface after throughfall passes through the litter layer. The nutrients concentrations in surface runoff
were roughly the same as those in throughfall except for NO;-N which was much higher in surface runoff.
Ground runoff is the water exported after the infiltrated water reaches the ground water level. Except for
the concentrations of P, Na and Mg in ground water that were higher than those in precipitation, the
concentrations of N and K in ground water were lower and no difference was observed for the
concentration of Ca.

Hydrological processes are closely related to the nutrient cycling in forest ecosystem. The nutrient
input and output processes are completed via the rainfall and runoff'”). In Chinese fir plantation rainfall
was an important nutrient source (Table 1). However, the surface runoff and ground runoff inevitably
resulted in nutrient losses in Chinese fir plantation. Fortunately, although the surface runoff contained
higher nutrient concentration than rainfall, the amount of surface runoff was only 0.9 percent of rainfall.
A net nutrient accumulation in 24~28 year old China fir plantation indicated that Chinese fir plantation at
the stable stage could control nutrient loss™ %1,

Besides litterfall, throughfall and stemfall add available nutrients directly to the soil without the
intervention of any process of decomposition on the forest floor™. In 24 ~ 28 year old Chinese fir
plantation, the nutrient concentration in throughfall and stemfall was higher than rainfall. Subsequently,
the nutrient transfer in throughfall and stemfall was a critical function of the intrasystem nutrient cycling
that could improve nutrient use efficiency.

4.2 Seasonal change in nutrients concentrations in hydrological processes

Due to the changes in climate and other natural conditions, nutrient concentrations in hydrological
processes varied from month to month. For example, nutrient concentration of each element in surface
runoff differed as shown in Figure 1. The concentration of NH,-N and NO;-N in surface runoff was the
highest in September and May respectively. The month of the highest concentration of P in surface was
November and that of the lowest is February and May. The pH value and concentration of other nutrients

showed different change patterns. In December, element K was the highest concentration in surface runoff
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The hydrological processe in forest ecosystem is a

natural phenomenon, in which the nutrient concentra-

]

. . Fig.1 Monthly change in pH value and nutrients
tions are constantly changing . g Y ge m b valu "
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may not be the same as that of previous time. Since

hydrological processes are random, they follow probability rules. According to the results of

hydrochemical analyses made over 5 years, it was found that nutrient concentrations in hydrological

Table 2 Yearly variance analysis of nutrient concentration over 5 years from January 1990 to December 1994

. Degree of Total of  Mean square  Ratio of mean .
Item Variance source . . L L. Fa
Variance variance deviation  square deviations
Over-crown
L Between groups 4 79.469 19. 867

precipitation
Within groups 38 149. 625 3.938 F=5.05""* Fo.01=23.86
Total 42 229. 04

Throughfall Between groups 4 154. 315 38.579
Within groups 60 608. 724 10. 145 F=3.80"" Fo.01=3.65
Total 64 763.039

Stemflow Between groups 3 242.191 80. 730
Within groups 27 667.537 24. 724 F=3.27" Fo 05=2.96
Total 30 909. 728

Surface runoff Between groups 4 201. 620 50. 405
Within groups 30 447.215 14.907 F=3.38" Fo.05=2.69
Total 34 648. 835

Ground runoff Between groups 4 207.518 51. 880
Within groups 77 148. 247 1.925 F=26.95"" Fo.01=3.56
Total 81 355. 765

Note: the asterisk *  represents that variance is significant. The double asterisk * *  represents that variance is

extremely significant.
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processes not only depended on the property of precipitation, but also were influenced by many other
factors, such as lightning, wind direction and speed ., air pollution and other climatic phenomena. Based on
our observation, three factors, i. e. form of precipitation, lightning and location, that affect nutrient
concentration and water quality variation were discussed here.

Table 3 Monthly variance analysis of nutrient concentration over 5 years from January 1990 to December 1994

Degree of Total of Mean square Ratio of mean
Item Variance source Fa
freedom variance deviation square deviations
Between groups 10 211.724 21.172
Throughfall Within groups 44 296. 696 6.743 F=3.14"" Fo.on=2.75
Total 54 508. 420
Surface Between groups 10 491. 441 49.114
Within groups 44 519. 404 11. 805 F=4.16"" Foo=2.75
runoff Total 54 1010. 845

(1) Form of precipitation The results in table 4 showed that the nutrient concentrations changed
with precipitation forms. NO;-N content could not been tested out in hailstone. But NO;-N concentration
in rainfall was almost 2 times as high as that in snow. The concentrations of NH,-N, K and Mg were
higher in rainfall than in snow and hailstone. Although the concentrations of P and Ca were higher in
snow , no difference was observed between the rainfall and hailstone.

(2) Lightning Other climatic factors may alter nutrient concentration, but lightning is an important
factor influencing the nutrient concentration. As shown in table 5, lightning remarkably increased nutrient
contents in precipitation. Especially when lightning occurred in the lower atmosphere over the watershed.
the content of N was increased by 3~5 times.

Table 4 Nutrient concentrations in different forms of precipitation in 1991 (mg/kg)

Form of precipitation pH NO;-N NH,-N P K Ca Mg
Rainfall 6.4 0.229 0.770 0. 029 1. 089 1. 625 0.318
Hailstone 5.0 — 0.663 0. 041 0. 694 1.407 0. 180
Snow 6.3 0.129 0.225 0.048 0. 388 1.767 0. 268

Table 5 The relationship between lightning and nutrient concentration in over crown precipitation in May and June 1994

(mg/kg)

Lightning condition N P K Ca Mg
Lightning in the lower atmosphere 0.907 0. 067 1. 07 2.07 0.57
0.533 0 0.23 0. 30 0. 68
Lightning in the higher atmosphere 0.282 0.034 1. 00 0 0. 60

0.213 0. 031 0. 35 0. 50 0
0.229 0.028 1.70 0. 20 0. 64

No lightning 0.183 0. 041 0 0. 40 0

(3) Topography Owing to the fact that the nutrient concentrations in precipitation absorbed by and
released from the forest canopies are not always the same, nutrient concentrations in throughfall at
different locations of a forest ecosystem are not alike. In table 6, the results of hydrochemical analyses
showed that nutrient concentrations in throughfall were higher than those in the slope, and the nutrient
concentrations in the valley and foot of the hill were approximately the same because of better site
conditions in the valley and foot of the hill.

The result of variance analysis and significance test presented in table 7 and 8 could further validate
this case. In other words, differences of nutrient concentrati-ons in throughfall between the valley and foot

of the hill were not significant while differences of nutrient concentrations in throughfall on slope of the
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hill were significant, compared with those in the valley and foot of the hill. This was indicative of the fact
that nutrient concentration varied with different stand positions. Therefore, water samples should be
collected from different positions and the samples should be as representative as possible to ensure the
accuracy of water quality analysis.

Table 6 Mean concentration of nutrients in throughfall at different locations from 1991 to 1994 (mg/kg)

LLocation pH NO;-N NH,-N P K Ca Mg
Slope of the hill 6.1 0.21 0. 64 0.10 2.89 1. 87 1.17
Foot of the hill 5.8 0.22 0.71 0.14 4.24 2.01 1.41
Valley 6.0 0.21 0.72 0.14 3.72 2.25 1.61

Table 7 Variance analysis of water quality in through fall in different locations

. Degree of Total of Mean square Ratio of mean }
Variance source . .. . Fa
freedom variance deviation square deviation
Between groups 2 101. 00 50. 50
Within groups 87 979. 81 11. 26 F=14.48" Foo5=3.11
Total 89 1080. 81
5 Conclusion and discussion Table 8 Quest for variations of mean value of

Hydrological processes are closely related to nutrient concentration in throughfall at different

nutrient cycling in a forest ecosystem. The nutrient locations

input and output processes are completed via the . Substrates  Substrates
Mean value of nutrient
on slope at foot

ainfall and runoff. In Chinese fir plantation rainfall -oncentrati
ramtatl and ru o humese fir plantation rainta concentration of the hill  of the hill

was an important nutrient source. The concentration Mean value for foot of the hill

. . 0.55
of Ca was the highest and that of P was the lowest in =8.777 2.47" 7
Mean value for the valley =8.
228
Mean value for the slope of the
hill =6.306

over-crown precipitation. The nutrient concentrations

. . . . 1.92
in throughfall were conspicuously higher than those in

precipitation. Except for Ca, the concentrations of
other nutrient elements in stemflow were 5 times higher than those in precipitation. The nutrient transfer
in throughfall and stemfall was a critical function of the intrasystem nutrient cycling that could improve
nutrient use efficiency. The nutrient concentrations in surface runoff were roughly the same as those in
throughfall except for NO;-N. Compared with other nutrient elements, P, Na and K were lower than
those in precipitation. In ground runoff, N and K were lower than that in precipitation and no difference
was observed for Ca concentration between ground runoff and precipitation. Although the surface runoff
and ground runoff inevitably resulted in nutrient losses, a net nutrient accumulation in 24 ~ 28 year old
Chinese fir plantation indicated that the plantation at the stable stage could control nutrient loss.

The differences of total nutrient concentration in hydrological processes over months and years were
significant or even extremely significant. In order to accurately measure and analyze the nutrient
concentration in hydrological processes of a forest ecosystem, a great number of samples must be collected
for different months and years. The chemical analyses of water samples should be made separately. It is
inappropriate to deduce the nutrient concentrations for an entire year from results of a few analyses.

On the basis of our observation., three factors i. e. form of precipitation, lightning and location,
affected nutrient concentration and water quality variation. NO;-N concentration in rainfall was almost
twice as much as that in snow. The concentrations of NH,-N, K and Mg were higher in rainfall than in
snow and hailstone. Although the concentrations of P and Ca were higher in snow, no difference was

found between the rainfall and hailstone. Lightning remarkably increased nutrient concentrations in
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precipitation. Especially when lightning occurred in the lower atmosphere over the watershed, the

concentration of N was increased by 3~5 times. Because of better site conditions in the valley and foot of

the hill, nutrient concentrations in throughfall were higher than those in the slope, and the nutrient

concentrations in the valley and foot of the hill were approximately the same. The factors such as rain

time, precipitation form and topography should be considered when the samples are collected for chemical

analysis.
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