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Soil NHZ / NO3 nitrogen character istics in primary forestsand the adaptabil ity
of some coniferous species

CU | Xiao-Yang, SONG Jin-Feng (College & Forestry, N ortheast Forestry U niversity, H arbin 150040, China). Acta Ecologica
Sinica, 2005, 25(11): 3082 3092
Abstract: In terrestrial ecosystans, il nutrient regimes at a plant’s living site generally represent the plant’s” nutrition
habitat”. Plant secies frequently well adapt to their original® nutrition habitat” during a long process of evolution, and the
apparent preference for anmonium or nitrate nitrogen source NHZ or NO3 ) might be an mportant agpect of the adaptation
Plants typically favor the nitrogen form most abundant in their natural habitats

N itrate has been recognized as the dominant mineral nitrogen form inmost agricultural soils and themain nitrogen source
for crops, but it is not usually the case in forest ecosystans A large number of studies show that the“ nutrition habitats’
asciated w ith primary forest ils are typically dom inated by NHZ rather thanNO3, generallyw ithNO3z contentmuch low er
thanNHz. Low levelsof NOz in these forest Dils generally correspond to low net ratesof nitrification The probable reasons
for this phenomenon include (1) nitrification Imitations and/or inhibitions caused by lower pH, lower NH4 availability
(autotrophic nitrifiers can’t successfully compete for NHZ w ith heterotrophic organisn s and plants), or allelopathic inhibitors
(tanninsor highermolecularw eight proanthocyaniding) in the il; or (2) substantial microbial acquisition of nitrate in the
wilswhich makes net nitrification rates substantially less than gross nitrification rates even though the latter are relatively
high
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M any ooniferous gpecies (egecially such late successional tree gecies as Tsuga heterophylla, Pinus banksiana, Picea
glauca, Pseudotsuga meziesii, Picea abies and etc ) fully adapt to their original NHZ -dom inated” nutrition habitats’ o that
their capacities of absrbing and using non-reduced forms of nitrogen (e g NO3 ) substantially decrease These conifers
typically show distinct preference to NH4 and reduced grow th due to nitrogenmetabolisn disorder when NOz is the main
nitrogen source Thephysiological and biochem ical m echanisn s that account for the adagptation to NH2 -dom inated system's (or
limited ability to useNO3) for the coniferous gecies include

(i) distribution and activity of enzymesfor catalyzing nitrogen reduction and assim ilation, generally characterized by low er
nitrate reductase (NR);

(ii) greater tolerance to NH2 or rgpid detoxification of anmonium nitrogen in the roots

(iii) low er capacity of absorption to NO3 by roots that might be controlled by feedback regulationsof certain N -transport
compounds, such as glutaning

(iv) relations and balance betw een nitrogen and other elements (such as Ca™, M g*, and Zn® etc ). Some NHi -
prefered conifersmight bemore adapted (tolerant) to low er base cation conditions

(v) NO3 nutrition, rather than NHZ, thatmay lead to the lossof considerable quantitiesof organic and inorganic carbon
to the surrounding media and mycorrhizal symbiont and probably contribute to slow er grow th

(vi) the metabolic cost of reducing NO3 to NHZ that may make shade-tolerant conifers favor the uptake of reduced
nitrogen (NHz).

The adaptation of late successional conifers to NHZ -dom inated habitats has profound eclogical implications First, it
might be an mportant prerequisite for the clmax forest communities dominated by these conifers to maintain long-tem
stability. Second, primary coniferous or coniferous-broadleaved forests have been widely perturbed because of commercial
exploitation, where the il anmonium nitrogen pool tends to be largely transformed to nitrate after disturbance In such a
situation, the coniferous gecies thatw ere dominant in undisturbed eco systen smay become poor competitorsfor nitrogen, and
the sitew ill be occupied by early succesional (pioneer) plants better adapted to nitrate utilization In otherwords, the mplicit
adeptation of many conifers dominant in undisturbed communities to anmonium nitrogen will cause difficulties in their
regeneration on disturbed sites, which must be taken into account in the practical restoration of degraded temperate forest
ecosystans
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(nutrition habitat)

, ( ) (physiological adaptation)

(anatom ical adaptation), ,

: ( ) H2PO:

( Cmin Km) , (23 , ( , calcicole)
ca” , —
(mugineic acid, avenic acid) (phytosiderophore) ! (translocation) ,
(nutrient efficiency) 15l , “ o ”
(el : (NO3) (NHZ)
. (
), NO3 NH: e,

, : NO3

)[10 15].

NO3 , , (nitrophilous



3084 25
NHZ  NHi , , NH; (B 2 NHZ NOs3
N pH [21,22,25 29] [30 33]
NO3 NHz NO3 NHz NHzZ
[31,34 38] [30,39] NO3
NHZ ) [8.31,40]
, , NH: NO3 ,
1 NH2 /NO3
1.1 NO3
! 8 (woilsof mature forest)
( climax) ,
, , NHzZ NO3 (1),
1 NH3 /NO3 Min)/  (Nit)
Tablel NHi/NO3 statusand net nitrogen mineralization (M in ) /nitrif ication (N it ) ratesof some undisturbed forest soils
Soil
. NHZ-N NO3z-N M in N it.
Site Forest type . H A dapted from
P Classification D epth(am) P (g/9)  (wg/9)  (wg/g)  (ug/Q) ®
Typic
) . 0 10 5 00 0.59 0.04 0.69Y  0.04 41
Wyoming, USA Lodgepole pine Cryoboralfs [41]
i 2 5.7 90 11.9 & 450
M aple Typic FF 550 [42]
Dystrochrept 0 15 5.8 4.5 2.4 26 24
Indiana, U SA Oak Typic FF 5.2 97 4.2 500 220
Dystrochrept 0 15 3.8 2.1 0.4 17 3
. FF 4.0 81 7.0 950 120
A quie 0 15 4.1 125 2.8 110 80 [42]
Northern hardvoods Fragiorthod 15 30 4.3 5.6 1.4 _ .
Nev England,
USA . FF 4.0 10.7 0.2 420 trace
- Typic
Oak-pi U ds . 15 4.5 0.2 0.1 60 30
pine bsamment 5 39 4.9 11 0.2 — —
Typic FF 6.4 28 1.4 50 trace [42]
Ponderosa pine U strothent 0 10 6.8 2.1 0.1 5 trace
Typic FF 5.4 70 2.8 200 20
Nev M exico,U SA M ixed Conifer U dorthent 0 10 5.8 7.0 0.1 12 5
- Dystric FF 5.2 56 0.7 80 trace
Spruce-fir Cryochrept 0 20 4.7 9.8 0.2 20 trace
FF 51 37 1.1 80 5 [42]
Douglas-fir 0 15 4.6 2.2 0.1 10 2
Pacific
Northw est,U SA FF 3.4 38 0.5 30 trace
Silver fir 0 15 4.0 4.4 0.1 3 trace
Ponderosa pine — 0 15 5.0 1.39 0.19 — — [43]
Nev M exico, P
USA _ . — 0 15 5.1 2.65 0.23 — —
M ixed conifer
A gen — 0 15 51 4.41 0.24 — —
Spruce-fir — 0 15 1.32 0.25 — —
. — 0 15 5.9 1.32 0.50 — — [43]
Oregon, UA W estern juniper
Heam lock — 0 15 4.8 0.97 0.18 — —
i — 0 15 3.8 453  0.08 — —
Hemlock-Spruce
frigid Typic 05 3.59 6.0% 0.0 — — [46]
Nev York, USA Heanlock and Spruce Haplorthods 5 15 2.8 6.3 <0.1 — — [44]
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1
— 05 3.4 2.39 0.27 0.118%  0.000
W etland Conifer 5 15 3.2 2. 06 0. 00 0. 076 0. 069
BC
. ) Podzols FF — 1507 <5 — —
British Columbia, Boreal coniferous forest 0 10 — 10 <1 — — [45]
Canada
Typic or Entic
. . 3.5 20.29 0. 06 - 0.1 - 0.02 46
Northern Sveden Scotspine Haplocryods Top il [46]
0 10 3.7 12009 70 33410 37
Podzol 47
Ontario, Canada Coniferm ixed odzls 10 20 4.8 - — 90 6 (471
0 5(FF) 6.8 488.0 9.4 — _
Changbai Korean pine-broadleaved D ark B row n 5 11 5.4 62.2 0.6 — — [48, 49]
M ountain, China forest Forest Soil 11 25 5.6 54.4 0.4 — —
Changbai Korean pine-broadleaved D ark B row n 0 10 6.7 — — 1.3W 0.62 [50]
M ountain, China forest Forest Soil
M ountain
Brown 0 10 5.8 — — 1.1 0.35
fir fi t .
Soruce-fir fores Coniferous
Forest Soil
Great X ingan Browr AN 4.9 15.6 2.3 — — [51]
. . L arch forest Coniferous A horizon
M ountain, China \
Forest Soil
Xishuangbanna,  Tropical Seasonal 0 10 3.75 19.75 4.71 6.55 16. 28 [52, 53]
. . L atosol
China Rainforest
(1) 1 M in. and N it. deteminedwithL ab incubationsfor onemouth; (2) FF: Forest floor; (3)
4 Detemined with L ab incubations for 4weeks (4) pH (CaCl2); (5) kg/tm? (6) (kg/(hm2- d))

Detemined w ith buried polyethylene bag technique incubated for about 40 days(kg/(hm?- d)); (7)

buried polyethylene bag technique incubated for about 6weeks (8) NH% N
N it

ionic resins(ug per capsule), M in
technique incubated for about 1 mouth (ug/(g- d)); (9)mg/Mm?% (10)

NO3 N

D etemined with
NHZ% N andNO3 N deteminedw ith

(ug/(g- d)) Min andNit determined with buried polyethylene bag

/

Annual net N mineralization/nitrification; (11)

25 30d (kg/(hm?- d))Deteminedwith L ab incubationsat 25 for 30 days(kg/(hm?- d))
NO3 ( ) NHZ, NO3
(net nitrification rate) (4254 %61 1 '
(nitrification potential) (L ag in nitrification) ©*>°"! ,
(1) (autotrophic nitrifiers) , pH
[53,55, 56,58 62]
(2) NHi NOs (NH3) (2.6
, - NH (Closed N cycle)
[68] N HX [69, 70] ( )
cAN , ,
NH2 ( )
, ( ) [71 79] N HZ
; NHi ( ) NHi
, NOs3 ,

( ) el
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[80]

w eight proanthocyaniding (o1,

)

[64,86 89]

[80 85]

(higher molecular

(low molecular w eight phenolics)

[90,91]

)

192]
(4) (35, 51, 56, 93, 94]
[95]l NHZ i ”
1.2 NO3 i
N (*N istope-dilution technique) ,
(61, (gross nitrification rate) , NO3
, NOé , [43,96] ,
NO: ‘ p "
NO3 )
N Hjl , No-3 [55, 97, 98]
2 -
, (T suga heterophylla) (P inus banksiana) (Pseudotsuga meziesii) (Picea glauca)
(P icea abies) (Pinus pinaster)
NH ) NHZ
[58, 80, 81, 93, 99 101]; NOs , N03 [97] ,
NHZ ) NO3 )
NHi (complete adaptation) (NO3)
[17, 35,97, 102, 103] , , NHZ ( 2
3
(1) NO3 NH3 [31. 1001
: (NR) , NO3 NR
NHZ NR NR [e2 107 109] NO3
NR , [102]. NO3 [97]
NOs3, NO3
sNHZ ( NHas) NH3
NH (GS) (GCOGAT), NHi
(GI)H) [102, 107, 110, 111] N Hjl , N Hjl ,
NHZ GDH (Primary N assimilating enzyme), NH3 NH3Z
GD H [36, 102, 110, 112]
(2) NHX I » [113] NHX
[114 116] N Hz GS/GO C‘A T ( “
n) N HZ [31,117]
, N HZ “ n7
NH ’ ( ) NHE [33, 35,97, 118] ’
NHZ : NHi (el
(3 NHi NO3 NO3 NHZ , ( )
NO3 . NOs ( NO3 ) (3] :
NO3 NHi, NO3 :
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[97]

2 NHZ /NO3
Table 2 Response of some conifer species to anmonium (NH% ) /hitrate(NO3 ) nitrogen
NHi /NO3

Forest species Reference
pect Regponse to NH% /NO3
N , NHZ NO3 3.2 ; 50
50 , NH3 NO3 2.1 INNHZ% orNO3 only
Tsuga hetergphylla treatment of equimolar olution, NH% was taken up at 3.2 times the rate of [102]
NO3z. InNHZi+ NO3 (50: 50) treatment, NH% uptakewas 2.1 times as
much asNO3 uptake
) NHZ NO3 ,12
JNH3Z NO3 2.1 2.4
1.5 2.6 Seedlingswere grown (in a shaded or unshaded
P inus banksiana light regime) with either NHZ or NO3 as the ®le nitrogen ource in a 12- [35]
week culture Total nitrogen accumulation and shoot biomass of anmonium-
fed plantswere 2.1 2.4 and 1.5 2.6 times greater, regectively, than
that of nitrate-fed plants
, NHi  NO3
g NH3 NO3 20 ,
NHZ NO3 10 After induced with NO3, seedlingswere
. tranglanted in NHZ or NO3 wlutions for a short-time culture U ptake of
Picea glauca . . ] [97]
NHZ% (per gran of fresh roots) was up to 20 times greater than that of NO3
from equimolar olution, cytoplasnic concentration of NH% was up to 10
times greater than that of NO3, and physiological processing of NO3 was
much less than that of NH3Z.
NHZ NO3 ,  NHi NO3,
Pinus 6  AbsorbingNHZ preferentially over NO3 when suppliedwithNHZ [32]
sy lvestrisand L arix decidua + NO3 nitrogen sources, with NHi net uptake rate about 6 times higher
than NO3 uptake rate
NHi ) (RGR)
P seudotsuga meziesii W hole-seedling biomass, relative grow th rate (RGR), and number of [36]
lateral roots, were greatest in seedlings grownwith NHZ.
NHi ,NHZ NO3 Absorbing NH3
prior to NO3 in mixed nitrogen sources, NH% nutrition superior to NO3 [104, 105]
nutrition
) ) NHi NO3, NHi A bsorbed more nitrogen
P bi 17,19
cea abies inNHZ than inNO3, growing better when supplied with NH3Z. [ ]
NHZ NHi+ NO3 NO3
3 D f li li ithNHZ or NHZ +
P inus pinaster o . ry mass o . seedlings supp !edwn ior i (33]
NO3 nitrogen at higher concentrationsw as gpproximately threefold greater
than seedlings supplied with NO3 alone
. NO3 , NHZ Lower ability to use
16
M any conifers NO3, bemore adgpted to NH% nutrition [16]
. NHi NO3 NO3 :
[33] , NO3 “« nou »
: ( ) : NO3 NO3
[120 124] NO3 , NH2
NH& [33,35] ( ) [33]
« n [122, 123, 125] NO3 N HX NO3
) NO3 NO3 OH" )
[33, 126]. ( ) Zn2+

271 W arren , NO3 , (Pinus
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p inaster) Zn , 131 RNA ,
; : ( )
, “ ” =] . NHi NO3
(4) NHi NO3 , NH2
K* Ca2+ M gz+ P(H PO HPOAZ{ ) . NO3 [17,27, 102, 128, 129]
NHZ N CaMg CaMg
[130 134] N HX [104, 135] AlMn =) [129, 136, 137]
, NO3 P
) , NOs3 ,
(5) ,
Rubisco CO2 [31, 138, 139]
Rubisoo (A max) =, NH: NO3
(6) NOs3 ) OH" HCO3 )
HCO3 ,NO3 (o, 2401,
[33]
, : (
) NO3 ( NO3 NHi ), NO3
, (NHZ) ! , NR
: NR e : « ) NR
. NR e : NH3
4
NH3 NO3, NH3 ‘ !
N HZ , “ ” “ ”
NHZ ,
NHz ,
, , NHZ
NO3 [35, 41, 42, 45, 51, 69, 97] NO: N HZ « ” ( )
( NO3 ) (s5.97,
: ( ) :
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