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Effects of Nitrogen Forms on Foliar Photosynthesis Nutrient Status and
Nitrogen Metabolism of Torreya grandis Seedlings
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Abstract:  In this study we measured the photosynthetic rate the contents of primary inorganic elements and nitrate
reductase activity and leaf N content of Torreya grandis seedlings subjected to different inorganic nitrogen treatments. The
results showed that the nitrogen forms and the ratio had significant impact on the photosynthetic rate N P K content
and the nitrate reductase ( NR) activity of T. grandis seedlings. With the mixture of NH, *-N and NO, "N at the ratio of
1:1 and 3: 1 the photosynthetic rate and stomatal conductance ( G_) and transpiration rate ( 7r) were significant higher
compared to plants fed with sole NH, "N or NO, " -N. However there were no different significances in intercellular CO,
concentration ( C,) among the different inorganic nitrogen treatments. The sole NH, *-N and NO, " -N fed plants had lower
phosphorus ( P) and potassium ( K) content than that treated with mixed nitrogen of NH, "N and NO, -N. Plants
supplied with both forms of N ( NH, "-N /NO, N =25/75 and 50/50) had higher NO,~ content and NR activity in
comparison to the plants only fed with NO, ~-N. Compared to the plants fed with NH, "N or NO, "N alone significant
higher N content was observed in the plants fed with mixture of NH, "N and NO, "N ( NH, *-N /NO, "N =50/50 and
25/75) . Tt is concluded that Torreya grandis seedlings have no obvious preference to NH, "N or NO, " -N. The mixture of
NH, " N and NO, "N at the ratio of 1: 1 is able to boost the photosynthesis nutrients absorption and nitrogen metabolism
of T. grandis seedlings.
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Tab.1 Components of different macroelements nutrition solution treatments mmol*L ™"
Treatments NH, * N/NO; N Ca(NO,),*4H,0 KNO,  (NH,),S0,  K,S0,  CaSO,-2H,0  MgS0,*7H,0  KH,PO,
T1 0/100 5 6 — — — 2 1
T2 25775 3 6 2 — 2 2 1
T3 50/50 1 6 4 — 4 2 1
T4 75125 1 2 6 2 4 2 1
T5 100/0 — — 8 3 5 2 1
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Tab. 2 Effects of nitrogen forms on the net photosynthetic rate ( P,)

intercellular CO, concentration ( C;) and

stomatal conductances ( G,) and transpiration rate ( 7r) in leaves of 7. grandis seedlings

Parameters Tl T2 T3 T4 TS
P, /( pmolCO, *m =25~ 1) 1.47£0.23 b 2.49 £0.28 a 2.48 £0.64 a 1.33 £0.57 be 0.67+0.17 ¢
C;/( pmol*mol ~1) 172.7+14.9 a 193.4+23.1a 195.0+6.59 a 179.9 £2. 16 a 197.6 £26.5 a
G,/ (mmolem~2s7!) 12.1+£2.84 b 23.7+2.70 a 23.1+5.23 a 11.1£4.67 be 6.65+2.63 ¢
Tr/( pmol'm’zs’l) 0.64.1+0.15b 1.13+£0.25 a 1.16 £0.25 a 0.61 £0.25b 0.38+0.14 b

@ ( ) 0.05

five different treatments of nitrogen forms.
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Zz ™16

(I >

BFHNO, N A B
concentration leaves/ (n

T3 T4 TS T1 T2 T3 T4 TS5
A2 Treatments

2 (NO; N)
(NR)
Fig.2 Effects of nitrogen forms on the nitrate nitrogen concentration

in leaves and NR activities of T. grandis seedlings

301

=

&% & N concentration in leaves/(mg- g™ DW)

T
T3
Treatments

T1

3
Fig.3 Effects of nitrogen forms on the nitrogen

concentration in leaves of T. grandis seedlings

3
90% ~95%
(
2008) .
(2000) ( Triticum aestirum)
NH, * N/NO; N > NO; N
> NH, * N .
NH, * N/NO; N
. NH,*N  NO; N
P, G, NH, * N/NO; N
C.

i

NH, * -N/NO; N

NH, * N NH, *

NR 3% NR activity/ (ugNO,™-h™" g~ FW)

( Gerendas et al. 1997) .
NH, * N
NH,* N
o NO,; N
NO, -
NO, -

( Marschner 1995) .

NO,; N
NH, "N o
NH,"N  NO; N
NH, "
K ( Engels et al. 1993; Jampeetong
et al. 2009) , NH, "N
(T5) K NO; N
( 1A). NH, "N
K* K
K o ( 1995)
K
K o K
NH, * P ( Smith et al. 1998;
2000) NH, *
P ( Rayar et al. 1977) .
NH, * P
NH, * p
8 mmol*L ™' NH, "
P o
NH,"N NO; N
N
o NO, ~ ( NR)
NO, - NH, *
- NR NO; N
NO, N . NR

NO, -
( Andrews 1986; Munzarova et al. 2006) ,
NH, " N/NO,; N
NO,” NR NH, "N
N NH, " -N/NO, N
NO, - o

NO; -



162 50
NO; N NH,*-N NO; N
NO, - NR ( ; P K
2007) . (1991) . NR
NO, - NO, -
NR NO, - .
NO, -
NR NO, -
. 2007.
. (2013) NR
i 24(4): 383 -388.
NO, . 2013.
NO; N o . 49(5) :77 -84.
NO- N . 2013.
3
o- 38(13) : 2073 - 2077.
NR NO; N . 2005.
NO, NO, - 22(4): 443 - 448.
NO, " ( NH, * N/NO; N =50:50) - 2004.
NO. - NI * N 21(4): 471 —474.
’ ° ¥ . 2007. . : 21.
NR NO; N . 2006.
( 2A B) NH, *
NH4 + . 2008.
B . 2006.
NO; . 23(3): 255 -261.
NR ° . 2008.
2 NO, - 33(13): 1519 —1523.
NH4 + NH4 + . 2004.
32(3): 83 -84.
. 2007.
NH, " ( People et al. 1997) ; 1
NH, " NO, (4): 664 —670.
( ATP) . 2009.
NO, - ( Gojon et al. 1994) . -+ 34(16) : 2039 -2042.
. . 2000.
NH, * N
2000 26(1): 53 -58.
NH, * .1991. NOS
NO; - NR 27:173 - 177.
( 2B) . . 2009.
NIHL * -N/NO- N 34(16) : 2039 -2042.
¢ 3 i . 1995. 2
N NH, "N NO; N 42 69,
( 3) NH, " N/NO,; N . 2003.
NO. - 14( 11) : 2044 —2048.
. ’ . 2000. N
NH, / 11(5) : 665 —667.
( NAD(P) H) . 1993.
( Miller et al. 2005) . 20(2) : 150 - 154.
NH,*N  NO; N - 1999,
N (1 ). : 138 - 140
156 — 158.

o

NH, * -N/NO; N

. 2011.
. 38(6): 952 -956.
Abuzinadah R A Read D J. 1989. The role of proteins in the nitrogen



10

N 163

nutrition of Ectomycorrhizal Plants IV. The utilization of peptides by
birch ( Betula pendula L.) infected with different mycorrhizal fungi.
New Phytol 112: 55 -60.

Andrews M. 1986. The partitioning of nitrate assimilation between root
and shoot of higher plants. Plant Cell & Environment 9(7):
511 -519.

Arnon D I. 1938. Microelements in culture-solution experiments with
higher plants. American Journal of Botany 322 —325.

Bradford M M. 1976. A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye
binding. Analytical Biochemistry 72( 1) : 248 —254.

Britto D T Kronzucker H J. 2002. NH, * toxicity in higher plants: a
critical review. Journal of Plant Physiology 159(6) : 567 —584.

Engels C Marschner H. 1993. Influence of the form of nitrogen supply
on root uptake and translocation of cations in the xylem exudate of
maize ( Zea mays L) . Journal of Experimental Botany 44 ( 11):
1695 - 1701.

Gerendds J  Zhu Z Bendixen R et al. 1997. Physiological and
biochemical processes related to ammonium toxicity in higher plants.
Zeitschrift fiir Pflanzenerndhrung und Bodenkunde 160 ( 2):
239 -251.

Gojon A Plassard C  Bussi C. 1994. Root/Shoot distribution of NO5
assimilation in herbaceous and woody species. //Roy J Garnier E.
A whole plant perspective on carbon-nitrogen interactions. SPB
Academic Publishing 131 —147.

Jampeetong A Brix H. 2009. Nitrogen nutrition of Salvinia natans:
Effects of inorganic nitrogen form on growth morphology nitrate
reductase activity and uptake kinetics of ammonium and nitrate.
Aquatic Botany 90( 1) : 67 -73.

Jampeetong A Brix H Kantawanichkul S. 2012. Effects of inorganic
nitrogen forms on growth morphology nitrogen uptake capacity and
nutrient allocation of four tropical aquatic macrophytes ( Salvinia
cucullata  Lpomoea aqnatica  Cyperns involucratus and Vetiveria
Zizanioides) . Aquatic Botany 97( 1) : 10 - 16.

Konnerup D Brix H. 2010. Nitrogen nutrition of Canna indica: Effects
of ammonium versus nitrate on growth  biomass allocation

photosynthesis  nitrate reductase activity and N uptake rates.

Aquatic Botany 92(2): 142 —148.

Marschner H. Functions of mineral nutrients: macronutrients. Mineral
Nutrition of Higher Plants 2: 379 —396.

Miller A J Cramer M D. 2005. Root nitrogen acquisition and
assimilation. Root physiology: from gene to function. Springer
Netherlands 1 -36.

Munzarova E  Lorenzen B Brix H et al. 2006. Effect of NH, * /NO5
availability on nitrate reductase activity and nitrogen accumulation in
wetland helophytes Phragmites australisand Glyceria maxima.
Environmental and Experimental Botany 55(1/2): 49 -60.

People M Gifford R M. 1997. Regulation of the transport of nitrogen and
carbonin higher plants // Dennis D T Turpin D H Lefebvre D D
et al. ( Eds.) Plant Metabolism. Longman Singapore Publishers
(Pte) Lid. London UK 525 -537.

Piwpuan N Zhai X Brix H. 2013. Nitrogen nutrition of Cyperus
laevigatus and Phormium tenax: Effects of ammonium versus nitrate
on growth nitrate reductase activity and N uptake kinetics. Aquatic
Botany 106: 42 -51.

Rayar AJ Hai T. 1977. Effect of ammonium on uptake of phosphorus
potassium calcium and magnesium by intact soybean plants. Plant
Soil 48: 81 -87.

Smith W F  Jackson W A 1998. Nitrogen enhancement of phosphate
transport in root of Zea mays L. 1. Effect of ammonium and nitrate
pretreatment Plant Physiol 84:1314 —1318.

Utriainen J  Holopainen T. 2001. Nitrogen availability modifies the
ozone responses of Scots pine seedlings exposed in an open-field
system. Tree physiology 21(16): 1205 —1213.

von Wirén N Gazzarrini S Frommer W B. 1997. Regulation of mineral
nitrogen uptake in plants. Plant and Soil 196(2) : 191 —199.

Yao B CaoJ] Zhao C et al. 2011. Influence of ammonium and nitrate
supply on growth nitrate reductase activity and N-use efficiency in a
natural hybrid pine and its parents. Journal of Plant Ecology 4(4) :
275 -282.

(AR E3HF)



