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Abstract: Higher light-saturated photosynthetic rate was observed for the NO; -N plants of Acacia
auriculaeformis under elevated atmospheric NH; in comparison with that grown in control. As the
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irradiance intensity reached about 700gmol * m % « s~ ', the maximum rate of photosynthesis occurred in

leaves of NH{ -N and NH,NO,-N plants of A. awriculaeformis in the elevated NH;, and higher than that of

the plants grown in control. When irradiance intensity was higher than 700pmol « m™? « s™', their net

photosynthetic rate (P,) decreased and even lower than that in control. It may suggest that higher light
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intensity restrict P, of NHf-N and NH,NO;-N plants grown in the elevated NH;. There were no
significant effects of increased NH; on the mitochondrial respiration rate in the light (R,) and the CO,
compensation point in the absence of R, (I"*). The maximum RuBP-saturated rate of carboxylation
(Vmax) and the maximum rate of electron transfer (Jm..) in plant of A. auriculaeformis supplied with
different nitrogen sources and grown in increased atmospheric NH; were higher than those in control (p<<
0. 05), and so was the leaf N content (»<C0. 05). Lower C/N ratio was found in plants grown in the
elevated NH;. However, the leaf N investment in carboxylation capacity (Px) and N investment for the
capacity of electron transport (Pg) in the plants grown in the elevated NH; with different N sources were
higher than those of the control. It shows that more nitrogen was acquired by plants from the atmosphere
with elevated NH; and it favors the syntheses of Rubisco and composition of electron transport chain.
Increased atmospheric N deposition would facilitate nitrogen accumulation and early growth of plants in the
process of vegetation restoration.
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:1000-0933(2003)07-1386-09 :Q945.11,Q948. 1 (A

1 Introduction

With the development of agriculture and livestock farming, usage of large amount of nitrogen
fertilizers and manure of domestic animal in crop fields has given rise to release of excessive ammonia into
the atmosphere and increased concentration of atmospheric NH;. The total N deposition in Europe
continent had continuously increased in the 20" century, of which 50% ~80% were NH; deposition. In
Holland and United Kingdom, the NH; deposition reached 40~50 and 15~20 kg « hm ? » a~ ' respectively
in the 20" century™’. As early as in 1972, Hutchinson et al. "*’ estimated that it would cause serious impact
on ecosystem when the NH; deposition on plant canopy reached 20 kg « hm ? « a~'. Absorption of
atmospheric NH; by plant leaves would disturb normal physiological metabolism and nutrient equilibrium,
reduce plant competition ability against other co-growing individuals, and cause decrease in biodiversity"*

e

and decline of forest"*’. Tt was reported that leaves of Pseudotsuga menziesii had higher photosynthetic rate

3

when the NH; concentration in the air was 66 pg m™° compared to those in the normal air. Populus

euramericana also had higher leaf photosynthesis when treated with 100 ug m ™ * NH, in the air™/.

van Hove
et al attributed this to a possible increase in the number of photosynthesizing units, since increased
atmospheric NH; enhanced N content in leaves. The underlying mechanism, however, had not been
clear™, Since plant releases H" when taking in NH;/NH," from the air into its cells, excessive assimilation
of NH; could not maintain a stable pH microenvironment within cell and would affect the regulation of pH.
Our question is: would supply with different forms of nitrogen alter proton flux produced by N-
assimilation., which in turn affect leaf photosynthetic rate? Addressing such question will help to clarify the
physiological effect of increased atmospheric NH; on plant photosynthesis.

Acacia auriculaeformis is an evergreen tree species distributed in tropics and lower subtropics. It
grows fast and has been major tree species widely used for vegetation restoration on degraded ecosystems
in South China. Results of in situ experiments showed that young A. auriculaeformis could not grow well

without addition of nitrogen fertilizer™),

The practice of applying manure of domestic animal and the N-
deposition due to current global change are and will be two important factors affecting N-assimilation of
plants from the air. It can be of importance to study the photosynthetic response of A. auriculaeformis to
the increased atmospheric NH;. Research results will be expected to provide experimental evidence for how

to facilitate growth of A. auriculaeformis at an early stage by making use of increased atmospheric NH; so
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that we can reduce the cost for accelerating vegetation restoration in tropical and lower subtropical areas.
2 Materials and Methods
2.1 Plant materials

Young A. auriculaeformis plants with height of 20~ 25 cm were grown in plastic plots of 15 cm in
diameter, one plant per plot. All plots were watered every day to keep the soil water content at the field
water capacity. Nutrient solution containing 2 mmol « L 'N of KNOs, or of (NH,),SO,, or of NH,NO; as
different N sources was added once a week (Here the plants that were applied with the different N sources
are stated as NO; -N plant, NH; -N plant and NH,NO;-N plant respectively). The nutrient solution also
contained 0.1 mmol * L 'KH,PO,, 1 mmol » L. 'CaCl,, 1 mmol *+ L 'K,SO,, 0.5 mmol « L 'MgSO,. 50
mmol ¢« L 'KCl, and micro-elements. The pH value was regulated at about 5. 5. Each plot was placed into
a transparent plastic cover with an inner volume of 1.7 em?®. Experimental plants received two kinds of
treatments separately: ambient air and increased NH; in the air. Each treatment had 3 replicates. The
method used to produce increased NH; (250ug + m °) was performed by Wellenweher &. Raven®).
Examined plants grew for 45 days under natural light condition. The relative humidity and temperature
under the cover were kept at 60% ~80% and 2543 C respectively.
2.2 Measurement of leaf photosynthetic rate

Three to five recently matured leaves from each plot were chosen for measurement of photosynthetic
rate by using Li-Cor 6200 Portable Photosynthesis System at room temperature. Electrical bulb generating
cold light was applied to obtain different levels of light intensity by adjusting the electrical voltage. By
switching-on and -off the CO, scrubber (soda lime) of the Li-Cor 6200 system, the CO, partial pressure in
leaf chamber was regulated at the intended values™’. The net photosynthetic rate (P,) -CO, partial
pressure (P;) responses were measured at two light levels: higher photosynthetically active radiation
(PAR, 800pmol * m %+ s ') and lower PAR (150pumol * m * » s~ '), from which the lines of initial part
of the P,-P; curves in the lower P; ranges (<(19.8Pa) were established. The intersection coordinates of
the two lines on Y and X axes represent the mitochondrial respiration rate in the light (R;) and the CO,
compensation point in the absence of Ry(I"* )M, At the same time, the P,-P; curve under higher PAR
(1000pmol » m~* » s7') and the P,-PAR curve under higher CO, partial pressure (50Pa) were also
measured.
2.3 Other measurements

The leaves after measurement of photosynthetic rate were taken off for area determination. Some of
them were dried to constant weight in an oven for the calculation of specific leaf weight (SLW). And the
other detached fresh leaves were ground and extracted with 80% acetone solution. Leaf chlorophyll
content (C.) was then determined by using Cambds 25 Ultra-violet Visible Light Spectrometer with the
extraction that had been centrifuged at 1000 rotation s .

by using Perkin Elmer 24CHNS/O Element Analyzer.

The leaf C, H, and N contents were measured

2.4 Calculation of photosynthetic parameters
Carboxylation under higher light condition is restricted by Rubisco activity and by the CO, and O,
partial pressures on carboxylating sites. The maximum photosynthetic rate (P,.) when limited by Rubisco
activity is defined as'?);
P, — I+ B
P+ K.(1+ P,/K,)

where Vi . is the maximum RuBP-saturated rate of carboxylation, P; is the intercellular CO, partial

P, = V.max R, QD)

pressure, and P, is the O, partial pressure on the carbonxylating site (20. 5> 10° Pa at 25 C). K, and K,
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are Michaelis constants of carboxylation/oxidation reaction (40Pa and 24. 8 X 10° Pa respectively at 25 C),
which should be calibrated according to Friend""*! when the temperature changes.

In the conditions of higher CO, partial pressure and lower PAR. the regeneration of RuBP is limited
by the rate of photosynthetic electron transfer. Photosynthetic rate increases with the PAR increment.
The maximum RuBP-regeneration-limited rate of photosynthesis (P,;) is defined as:

_JP —Tx)
Py =y R €3

where J is the potential electron transfer rate that depends on PAR. J..x is the maximum rate of electron
transfer.
0J* — (PAR, + Jpu)J + PAR, ¢ Jpuy = 0 3
PAR, = PAR(1 — f)/2 D
where @ is curvature of the light response of J that is 0. 7 according to de Pury and Farquhar''?). PARa is
virtual radiation absorption of Photo System II, f is the spectral calibration factor that is 0. 15[,

The leaf N partitioning coefficient among components of carboxylation, bioenergetics and light-
harvesting components on thylakoid membranes were estimated based on a model proposed by Niinenmets
&. Tenhunen"!, Tt is supposed that P be the leaf N investment in carboxylation capacity (i.e. influencing
Vemax)» P be the N investment for the capacity of electron transport (. e. influencing Jm.), and P, be the
N investment in light harvesting. Their relationships are described as follows:

Pir=V.nu/(6.25 XV, « SLW « N,) 5
Pp = Junu/(8.06 X J,, « SLW « N,) (6)
where V,, is the specific activity of Rubisco, namely the maximum rate of RuBP carboxylation per unit
Rubisco protein, J,,. is the potential rate of photosynthetic electron transport per unit cyt f, 6. 25 is the
coefficient for conversion of N to protein, and 8. 06 is a molar ratio constant of 1 : 1 : 1. 2 for ¢yt f:
ferredoxine NADP reductase: coupling factor™*"*, V is 32. 5pmol CO,(g Rubisco) ! s 1% and J,. is 156

mol electrons (mol cyt f) ' s~ !

at a leaf temperature of 25 C. SLW is specific leaf weight. N, is leaf N
content per unit dry mass.

The partitioning coefficient of leaf N in the chlorophyll protein compound of thylakoid is given as:

P, =C./N,Cy ("

where C, is chlorophyll content in leaf, Cj is chlorophyll combined to protein compound of thylakoid,
which is 5. 79 mmol chl (g N)~'L7-18,
3 Results
3.1 Light-response of photosynthetic rate

Figure 1 shows the light-responses of photosynthetic rate of plants with different treatments. The
average of light-saturated photosynthetic rate of the plants supplied with NO;-N and grown in control
condition (in ambient air) was 12.2=+1. Opmol * m ? » s '(n=15, p<C0.05), lower than those supplied
with NH; -N (14. 0+1. Opmol * m %« s~ ', n=4, p<C0.05) or with NH,NO,-N (14.3+1.5pmol * m * «
s 'y n=6, p<C0.05). When grown in increased atmospheric NH;, the NO; -N plants had higher P, than
those in control by 17%. The NH/-N plants under the condition of increased atmospheric NH; reached
their highest P, at light levels of above 700 pmol * m™* » s 7', and their P, were slightly higher than those
grown in control below this light level (p<C0.05). As PAR reached as high as 900 pmol * m ™ « s~', their
P, decreased and was lower than those grown in control, indicating that higher light intensity restricted the

P, of NH/-N plants grown under higher atmospheric NH;. NH,;NO;-N Plants grown under higher

atmospheric NH; showed that the P, response was similar to the NH/ -N plants. Their P, was higher than
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that of those in control before reaching the highest value at 700pumol * m™* « s~ '. Continuous increment of
light intensity caused decrease of P,, lower than control plants. The results demonstrated that increased
atmospheric NH; would raise P, of A. awriculaeformis under lower light intensity (< 700pumol * m™* «

s ') no matter what N source was supplied. Nevertheless, higher light intensity would decrease P, of

NH, -N and NH,NO;-N plants grown under higher atmospheric NH;.
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Fig. 1 Light-response curves of photosynthetic rate for leaves of A. auriculaeformis grown in the elevated NH;

and in control supplied with different nitrogen sources

@® @ Increased atmospheric NHs, O)---) In control;A; NO3 -N; B: NH; -N; C; NH,NO;-N
3.2 Leaf photosynthetic parameters

Experimental results showed that increased atmospheric NH; did not obviously change leaf I'* and R,

(Table 1). The I'* and Ry of A. auriculaeformis grown both in control and in increased atmospheric NH;
were close no matter what N source was supplied (p>>0.05). In the normal air condition, the NO;-N and
NH,NO;-N plants had similar maximum RuBP-saturated carboxylation (V m.)» whereas the Vm. of NH/ -
N plants was higher than that of the NO;-N and NH,NO;-N plants. However, all A. awriculaeformis with
different supply of N sources showed higher V. mxwhen the atmospheric NH; was increased (p<0.05).
Similarly, Jum.x of all plants supplied with different N sources grown in increased atmospheric NH; were
higher than in control (»<C0. 05). Therefore increased atmospheric NH; would elevate V. and Jmx
regardless of the form of N sources supplied.
Table 1 Changes of photosynthetic parameters in leaves of A. auriculaeformis grown in the elevated atmospheric NH;

and in control supplied with different nitrogen sources

Ry V emax J max
Treatment N sources I x (Pa) ) ) )
(pmol e m 2+ s 1) (pmol e m 2+s 1) (umolem 2es 1)
In control NO3 -N 4.7940.53 2.75+0.95 51.2+4.6 65.146.3
NH; -N 4.54+0.12 2.0341.02 55.443.2 65.74+5.6
NH,;NO;-N 4.1840.09 2.9140.53 51.94£5.1 66.615.2
Elevated NH; NO3 -N 4.754+0. 25 2.8040.13 76.943.8" 120.9+£7.6"
NH; -N 4.56+0.04 2.8140.58 75.441.8" 105.54£5.2~
NH;NO;-N 4.44+0.61 2.6140. 34 82.5+2.5% 98.144.3"

I« ; The CO; compensation point in the absence of R;; R,;: The mitochondrial respiration rate in the
light; Vems: The maximum RuBP-saturated rate of carboxylation; Jm..: The maximum rate of electron

transport; * ; The statistically different level at 5% (P<C0. 05)

3.3 Leaf characters and composition

Under normal air condition. specific leal weight (SLW) of NH,;NO;-N plant was higher than those of
NO,-N and NH{-N plants. No obvious difference was found among the three N-source treatments when
NH; in the atmosphere was higher (p>>0.05), indicating that increased atmospheric NH; did not cause
significant change in SLW. When grown in the air of increased NH; concentration, leaf N content per unit

dry mass(N,,) tended to increase (p<C0.05), and the NH,NO;-N plants had the highest value. The leaf
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chlorophyll content (C.) did not show significant difference statistically except for NH,NO; plants (p>
0. 05), namely increased atmospheric NH; caused no obvious change in C.(table 2).
Table 2 The leaf dry mass per unit area, nitrogen content and chlorophyll content in leaves of A. auriculaeformis grown

in the elevated atmospheric NHj and in control supplied with different nitrogen sources

Treatment N sources SLW (g*m %) N,(mg+g D C.(pmol chl » g=1)
In control NO; -N 61.541.32 28.045.0 15.9+1.8
NHi -N 61.21+0.89 33.0+1.6 16.9+4.2
NH;NO;-N 64.58+1.02 23.042.0 12.745.3
Elevated NH;3 NO; -N 64.48+1.53* 38.04+7.0% 16.645. 2%
NH -N 63.25+0.78" 41.04+12.0" 18.7+1. 8
NH;NO;-N 65.83+0. 83" 34.045.0" 196.0+1.7"

SLW  specific leaf weight; N,  Leaf nitrogen content per unit dry mass; C. Chlorophyll content; * The

statistically different level at 5% (»p<C0.05); a No statistically different at 5% (p>0.05)

It is seen from table 3 that the leaf C/H ratio of NH,;-N and NH,NO;-N plants in increased
atmospheric NH; tended to increase (p<C0. 05). Since there is difference in C/H ratio between ammonia
acid and sugar, this change indicates that different N source supplies would lead to the change in plant
structure composition. The higher C/H induced by increased NHj; in the air promoted the formation of
amino acid derived from C frame. For the C/N ratio, the decrease tendency was found in the plants of all
three N-source treatments when grown in increased atmospheric NH;. It indicated that increased
atmospheric NH; would elevate leaf N content and then alter the C/N ratio.

Table 3 Changes of carbon and hydrogen contents, C/H and C/N ratios in leaves of A. auriculaeformis grown in the

elevated atmospheric NH; and in control supplied with different nitrogen sources

Treatment N sources Carbon (%) Hydrogen (%) C/H C/N
In control NO; -N 45. 81 3.15 14.54 16. 24
NHi -N 45.76 3.72 12. 30 12.92
NH,;NO;-N 43.09 3.71 11.64 18.72
Elevated NH; NO; -N 45.13 3. 06 14.75% 11.78*
NH; -N 46. 10 3.02 1i5F Z6% 11.08"
NH,NO;-N 44. 30 3.28 ™5 1. 12.84"

% The statistically different level at 5% (»p<C0.05); a No statistically different at 5% (p>0.05)

3.4 Leaf N partitioning within the photosynthetic apparatus

It was found that the investments of leaf N both in Rubisco (Pz) and in bioenergentics components
(Pp) were higher in the plants grown in increased atmospheric NH; than in control regardless of the form
of N source supplied (p<<0.05) (Table 4). Slight decrease of investments of leaf N into light-harvesting
components (’;) when grown in the increased atmospheric NH; was observed except for NO; -N plants,
but the difference was not statistically significant (p > 0. 05). The results showed that excessive N
acquired and assimilated from the increased atmospheric NH; would favore the syntheses of Rubisco and
electron transfer components, but did not obviously alter the leaf N investment into light-harvesting
components.
4 Discussion

The usage of NH; in the air by A. awriculaeformis, however, has not been intensively studied before.
Plants can absorb NH; in the air and, at the same time, release NH; produced through catabolism into
atmosphere. The absorption of NH; by plant depends on NHj concentration in the atmosphere and the
NH;-use compensation point of plant. If the former exceeds the latter, NH; enters into intercellular space
through stomata on leaf, dissolves in moisture, and is finally assimilated. Our experimental results

showed that increased NHj could raise net photosynthetic rate of leaves. However, plants supplied with
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Table 4  The partitioning coefficients of leaf nitrogen in main photosynthetic functional components in leaves of

A. auriculaeformis grown in the elevated atmospheric NH; and in control supplied with different nitrogen sources

N sources
Coefficient NO; -N NH; -N NH,NO;-N
In control Increased NHjy In control Increased NHj In control Increased NHj
Pr 0.19140.012 0.21840.028* 0.19440.018 0.21440.075* 0.1774+0.009 0.20740. 031"
Py 0.03040.006 0.03840.011* 0.0264+0.010 0.0344+0.005* 0.026+0.002 0.038+0.009*
Pr 0.09840.017 0.07540.012* 0.086=+0.006 0.079+0.010* 0.29240.013 0.207£0.005*
P The partitioning coefficient for nitrogen in Rubisco; Pp The partitioning coefficient for leal nitrogen in

bioenergetics; P The partitioning coefficient for leaf nitrogen in thylakoid light-harvesting components; *  The

statistically different level at 5% (»p<C0.05)3a No statistically different at 5% (p>0. 05)

different N sources differ in their photosynthetic response to increased NHj in the air. The fact that
A. auriculaeformis supplied with NH-N and NH,NO;-N and grown in increased atmospheric NH;
displayed higher P, than those grown in control under lower light intensity indicates that plant acquires and
assimilates additional N by absorbing NH; from the air. And excessive leaf N facilitates N investment into
Rubisco that promotes the synthesis of Rubisco and the leaf photosynthetic rate. von Hove et al. proved
that P, and biomass of Pseudotsuga manziesii grown under increased atmospheric NH; were elevated®],
Nevertheless, our experimental results showed that NH/-N and NH,NO;-N plants grown in increased
atmospheric NH; had lower leaf photosynthetic rates when light intensity was higher. This could be due to
the pH change induced by increased NH; that alter acid-alkali balance within cell. Under the condition of
higher light intensity. the accumulation of NH{ and enhanced pH value would lead to intoxication to

[20J which causes decline of photosynthetic rate. The

photosynthetic apparatus as pointed out by Yin et al.
mechanism of this phenomenon needs further research. The reduction of NO3 absorbed by plant roots is
undertaken mainly in the leaves, which is an energy-consuming process. Kaiser and Huber reported™! that
20% of activated electrons produced through light conversion in photosynthetic apparatus were used by
NOj -reduction when C/N was 10. Therefore NO;3 -N plants grown in control condition displayed lower
photosynthetic rate than NH,-N and NH,NO;-N plants. Obvious increase of leaf photosynthetic rate in
NOj; -N plants was observed when grown in atmosphere with enriched NH; than in the control. Although
this study did not provide direct evidence proving if the increased atmospheric NH; reduced the NO; -N
absorption, and then decreased the energy consumption by NO3 - reduction or not, it did increase both the
photosynthetic rate and leaf N content (p<C0. 05). These results suggest that the N use from the
atmospheric NH; by plant closely related to the supplied N sources of plant growth.

The enhancement of leaf N content and reduction of C/N ratio of A. aucurilaeformis treated with
different N sources and grown in increased atmospheric NH; showed that plants could take in and
assimilate the atmospheric NH; no matter what N sources were supplied. Similar experimental results had

[20) " The atmospheric NH; use efficiencies by A. auriculaeformis supplied

been observed in wheat and maize
with NH,;NO;-N and NOj; -N were higher than those of the plants supplied with NH; -N, which could be
explained by their significant increase of leaf N content.

The calculated Vmax and Jouax of A. auriculaeformis grown in increased atmospheric NH; were higher
than in the control regardless of N source supplies. Vi mx and Jum. closely relate to photosynthetic rate,
since the photosynthetic rate depends on light use efficiency, on maximum RuBP-saturated carboxylation.
on maximum electron transfer rate, and on the other parameters. V. .. is also correlated positively with
[22]

Rubisco content and its activity Even though the measurement of Rubisco activity was not made, A.
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auriculaeformis grown in increased atmospheric NH; showed higher V..« than that in control, indicating
that the former had higher Rubisco activity in leaf. The increase of Jum.x also showed that the plant grown
in increased atmospheric NH; had higher potential photosynthetic electron transfer rate in leaf. Since no
significant changes in leaf chlorophyll content and leaf N investment in light-harvesting compounds were
observed in the leaves of A. awriculaeformis grown in increased atmospheric NHj, it implies that the
photosynthetic rate was elevated mainly by increasing Rubisco content and by increasing investment of leaf
N into electron transfer components that could speed up the turnover of light system. Therefore, with any
one of the three kinds of N sources used in this study, the increased atmospheric NHj increased
photosynthetic rate of A. awriculaeformis, and the NO; -N effect on P, was especially strong.

Owing to high temperature and plentiful precipitation, nitrogen nutrient is seriously impoverished in
the soil of degraded ecosystem in South China. Our study results provide useful implication that increased
atmospheric NH; would be beneficial to some early-successional tree species of re-vegetation that have
similar biological characters with A. awriculaeformis. It would promote photosynthetic rate of those plants
that can assimilate N by in-taking atmospheric NH;, facilitate their growth, and then accelerate the
process of vegetation restoration. Acquiring N nutrient by way of increased atmospheric NH; would be a
low cost and fast way for N accumulation in soil and for acceleration of vegetation restoration. From these
conclusions it may imply that increased atmospheric N deposition would, in some extent, be conducive to

the effort for ecological restoration in the continuously increased degraded lands in South China.
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