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Effects of simulated nitrogen deposition on growth and photosynthetic characteristics of
Quercus wutaishanica and Acer pictum subsp. mono in a warm-temperate deciduous broad-
leaved forest
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Abstract

Aims Warm-temperate deciduous broad-leaved forest plays an important role in maintaining regional ecosystem
function and balance. To explore the growth and eco-physiological response to nitrogen (N) addition will deepen
our understanding of its dynamic development under the scenario of global N deposition.

Methods A simulated N deposition experiment was established with four N addition plots (100 kg-hm *-a™') and
four control plots in a deciduous broad-leaved forest in Dongling Mountain, Beijing. The responses of branch
growth, photosynthesis, chlorophyll fluorescence and seed mass of dominant species Quercus wutaishanica and
associate species Acer pictum subsp. mono to N addition were investigated.

Important findings Net photosynthetic rate, transpiration rate, and chlorophyll content were enhanced by the N
addition. Furthermore, the N addition also enlarged the electron transport pool in photosystem II reaction center
and increased the turnover number of the primary quinone acceptor (QA) reduction expressed by fast chlorophyll
fluorescence method of JIP test in both species. The N addition also increased the length and biomass of the cur-
rent year branches of the two tree species and improved the seed quality of Q. wutaishanica to a certain extent. In
general, we observed more pronounced responses of photosynthetic nitrogen use efficiency, and branch biomass
formation to N addition in Q. wutaishanica compared with A. pictum subsp. mono. Our results suggested that the
dominant position of Q. wutaishanica should be further highlighted under increased N deposition scenario in the
warm-temperate deciduous broad-leaved forest in Dongling Mountain.
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ML R Dok, AR R &R e, +
HR A A KB, ok, BB PRI R .
T BRI ARV AR P i Bl A BROC b () A ik
AN n(Vitousek et al., 1997). EAIRIEE N,
N5 BT B R DT hn 32 A T A6 38 R
KW= KX (Galloway et al., 2003), F1[EHZH
RIKAR X AL T A3k = K B X 2 — %R
B HIX o i KRR b A 26 7= R b e
3, HENREHLAEZS KRG E AW N, 25 RIER)
Ty 1 X 5 9 W R (BT 56, 2006) . HR % Galloway
(2002) ) T, RREAEN, BEE SR —
R RE, EPRGL AW s LAWK )
FI TR R BE, 21 e iy, A ERiE U
HOE E L 267 Tga', WXt T A &S
77 BRI R K B T RE iR 105.3 Tgra™' (Hol-
land et al., 1999; Zheng et al., 2002; Galloway et al.,
2004, 2008). JTAFER A FLHRIX S EE ) BE A S
AN A AT SR Y O 5 58 S R ARz
Kk, ZHh X JE A ER R = A DTPE X (Zhang et al.,
2012) BRI R T HIE 38 kg-hm >a!, T
HURTAE 21427 kg-hm > a ', HHENTEEE
2997 kghm a9 T UT B K K B A 50
kg-hm2-a'. ShenZ5(2009)0F 7T & B, Akt mithlX
B RS R TR R AL 100 kg-hm *-a '

RS RGUR AR R G000 5 Z4 3 o7,
TR RACFFE R TR B 2 SR
REVR . SUF I RIS Ty EEMEH . AKH ]
FEMBENBESEMHERESRSI NI G
(Giisewell, 2010; Liu et al., 2013). M AREKXITEIT
Bée 7= A i 9L BT 3 B AR AR S R IR AR, SR SRR
Wi 4= B3RS % (Aber et al., 1998; Hogberg et al., 2010).

Ty A6 7 B AR 2 B AR, AN <
RBEARAR YK, BIARMAE B J1(Liv et al.,
2012). BTG R FGE A R B —%
B -1,5- X155 R 2 A4 1/ %60 (Rubisco) F1 % & 1 H
REORNGRNEZEA S, HARSENE S
HEZSEC AR S 22 RKS B0, A
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DLt 8 2> B 42 s i A 0 & 1F F B8 ) (Hikosaka &
Shigeno, 2009; Palmroth et al., 2014). ItAb, HRE
DUBERZM W) AL 7= 1 2 SR R AR 4R H 34 )oK
SRDURE 2 T BUR A ) 0B 1B R 3 0, £ =
M4 77 J1(Kurts et al., 2008; Lu et al., 2014).

BTN R AT AR AR R B 7 201 40 A i 4E,
2 304 (Andersson et al., 1980; Garcia et al.,
2008; Nave et al., 2015; Ma et al., 2018), CZ& 5
TAD A, AR T H AR AR TR o] K A 52 i
P A A KRR 3 A AR A A RO BE AR R T PR
(Bedison & Mcneil, 2009), JT204 R [E P i S 7 2
T R TR B B3 O SRR A2 R G5 B0t A
(Mo et al., 2003; J7izESE, 2004; HEITHI%E, 2004;
J7 HEREYT ], 2006; Lu et al., 2010; Lu et al., 2011;
Zhu et al., 2013). HTEEFANEIRZAT N AT
SIS A R S, O R R R ) SE 56 Y
WFFERT R K2 DA T, BLE SR AR A K
SIS R SR (T2 £ 5, 2005), FET4hHok
IR T Py e 1. &5 SRAE I [ SR RO RR AR B 1 40,
HARERMEAAAEAR KR PR

BRI 7 ARARAE AR 2 FEPE AR J7 T — B 5N
FEPESMITX, BT B E I K,
JE U6 AR MRJL-F-3H K56 R . LLIL 4 R (Quercus wu-
taishanica) v = I 7 i ] AR 1 B X 5 B 1 R 4R
RAERRAR, FELES 2 X1 A 25 P 7 TS 3 v
BARMIER o bt st E X (1) oy, HFE L
XTI 204E R K TR RN KU 75 s
P, 1% Xk 2 SR R E N, [
i X AR A R AE PR R HE SR KX (Gu et al.,
2012; FHEE, 2017). HWFFCIZH0 X i 45 R AE AR AR 32
TR b LE 2052 S DU AL B S M AR Ak, X6 1) B %
Hi X ARARAE A BRSBTS A E
B o TEAL AR R L e PR R U e v P R T bR g S
RPN S B M, A M 2E AV 1 R A TR A
Tl o3 B AR IL ARARFI AR Rl AR (Acer pictum
subsp. mono). I& AR BRTE 1% X 1K HE 7 AR 55 450 43
A, FAWNEZE AR 2P B3 A X R
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RS IR T 715 ¥ I ] I A AR AN T A A A & R AR AR AE N DL RO R, 199

I (R RIS, 1984; BRRZ, 1997), TEALEH
ERE ERTE BT e T FE TR AR R LR
R 35X R AR A A 26 P T A AU A 35808 7 1
Mr, AT 0 SR BE: ERUURZMT, R F
W5 b Pk A R SR EEE 22 (10 398 9% 0 W R 2 HAE K
AAEIACH T, AP E AR, K
SR U I e SRR N i TR AR b A AR
FEIXFE SN, AR R T bR R AR S5 b R
FRAETE B R P L A A K i — 2D s . @i Ji
Rz S0 ) R [ RS A B T — 2P
IR AR SRR 5T BR IR AT R SR T I el AR )
e S AR RIUARE, [T BT AR Sy oA Sk ) T 4 RS A A
A PR AR AR A7 S it B2 1 S 30 A0 A o

1 #RA7EE

1.1 #fR#X

JEE R R 111(39.92°-40.03° N, 115.48°-115.98°
E)O7 T A0 5T 17 75 2B 1 177 Sk v X P4 5, Wi AR b4,
FETHIX 2115 kmo ZR R AL T/ G 1R AR K,
JERAT LR RS E 2 511 000 m, f i
N2 303 m (BB, 2007). %X R TR IR AT T
HRRMEFERAE, HEETE, EFERAZE, &
ZEIEATIR(EREE, 2015), T HRIR5-10 C, &
FEHZI195K, FEREKES00-650 mm, HEZEFT
HZ, HEEKLHEFERKERNTY% (a4,
2007; 4BLEE, 2015), iZHAL T HEdbHLIX A3, HiL
P i EAL T LT R PR, M3 DAL AR ik 45 4
NE, AR, FIRIERE, U E, R
B AEIR B4t FIER CL I AR AR L (PMEEDI, 1997)
MR FE, PR EEWM, FAR. B
I H (Fraxinus chinensis). & 7f(Vitex negundo). 111
75 (Armeniaca sibirica) 145 2k % (Spiraea salicifolia)
R PE A R o ) S L R (5 R AR AR (R X S, 2009;
TREEEE, 2017). AR AL I X RN A6 2 AN W) A
Bl (VKSR T YT 4 € | et 1 TP NG
VR IE AT DL k80 kg-hm 2-a!, b5 G & 4 X g
1%, fE il A gt LUA RS0 kg-hm >a ' (E& 24,
2006; ZE4FAIZ=IE, 2012; Pan et al., 2012; Luo et al.,
2013; Xu etal., 2015; #0545, 2016, FH%AE, 2017).
1.2 HRGE
1.2.1 R

76 BB B AL AR AR AR RS R G0 e LA ik

9% L T P 2 T P ] PP S S SO R P o =
IR (A ALEE, 2015), 1A 1 BE AL bR 39.95°
N, 115.42° E, #ik1 296 m, AR, HEL
N40° . FEHD T B i AN TR AR AR G PR L AR
BRAEEAE R AL AN B8NS m x 15 miAbRHERE
Ho B X HRRIER 2 Fp b3, AR AN E A
P E R BEALIX 492, L3ifiodh, ddfifiadh, F
Pefr2de . Skt HEFEHUAS BT T A0 3, PREF B ARIRES;
R INREHAE A K Z 1 (5-9 )0 SUREERE L A 15 2]
N R 2 (CO(NH,),), ¥+ 5 R E T IR+ G i,
SNV 100 kg-hm 2-a ' xf FERE M) + 3% pH
fE56.64, k& EFE RSB IN24.18 + 1.17)
mg-g ' F(2.16 £ 0.10) mg-g ', FAINEEHL 0+ FEpH
fH756.33, Sk & RS SR HN(24.65 + 1.14)
mg-g FI(2.18 +0.10) mg-g '

122 MEFR®

1221 JEER  bE ARSI E K LI-
640015 4% ' A 72 4% (LI-COR, Lincoln, Nebraska,
USA), i/ AN B Wt =, e esmk BN
1200 pmol'm s 'o Z L35 COL U % H 5 R CO,
ANV E 9400 pmol-mol !, M E IR ELE25 CA
i, WRSEAES0%—T70% o TN HIEEAN B Ff Bl AL 1435
PRI, 328 R A A 350 1 BH A 2% T30 58 4 J I (1)
FAERMERT %o 1E6-9 H I FEHE K T9:00-12:005
IFI5E, AR A HE (P, umol'm 2s ). SILS
JE (G, mol-m s ™), ZE 5T (T, , mmol-m >s )%
HOAH . BRI A K 4> R A 8% (WUE, pmol
CO,-mmol ' H,O)ffJ i AR A: WUE = Py/T,e
1222 MHERRE MERIOESEN @ XA E
X AE A H1]%¢ Y64 (Handy PEA, Hansatech, Norfolk,
UK)o R e G4 it s P I I i o
MEFEZ120 mindll g, N HIP-test /7 VRS 240 NS4
JERLGI (PSID & A4 22 B ¥ 72 2% (PHI(P,)), PSII
S SE A LT SRR /IN(Sn) « W RS2 AR (Qa) B
I SR R BN (Strasser et al., 1995, 2004). L&
ARAN: PHI(P,) = 1 — (Fo/Fy), Foe 5S4k
O-J-I-PHIUEAH, Fo = Faous, Faopsi® 96 15 5 1 25
O-J-1-PTE20 psif (IME, Fy2 980617 S i Z80-J-1-Pix
KAH, Fu= Fp, Fo2 %6155 128 O-J-1-PYEP £ (115,
S = Areal(Fy — Fo), SR A8 T AT Qa 78 138 S5
(PSIL S H 0 26 P T 7 B UK e i, RIPSTIR B
HLE A AR IS T TSR R, Hod
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Areas 5 PRI M-S R ORI S #2611 = 8 () Bl
A RU(Fw) Z B 2 R A B TR, N = SW/Ss, $RPSII
SR LR LA 328 25 T R B S AR (Qu) 3 L VK
(bt g R 6 T M MR L (F) BB 4
(Fa)IEE D), Hihsg = Vy/M,, B 45 58 615
SIS H(0)EIT (BHZR2 mshb) AR HEAL FI T
FRAOR ML IR QA FE T IE TR F ), Mo R
75 T M ZRAIUREL 7 IR, My = 4 % (Fagous — Fo)/(Fu
= Fo), Vi = (Fy = Fo)/ (Fm— Fo), ViIATET AL HIARXS
AIARENAE, Fagops e KIGTHE T ZKO-J-I-PFE300 ps
(RME, Ftse s i Z0-J-1-PAET S AIME . JIP-test
(1 2 Ji AN 5E T7 % 2 7 Strasser%§ (1995, 2004)
AIZEG R (2005)

1223 HERSE MR SEMNEEHH4
# o & 52 {X (SPAD-502, Konica Minolta, Tokyo,
Japan), % FIRIE GG 1 A SRR 6 I EL
Z bk R AT E o

1224 HEARFEKMEME T2017/F9H
JEA AT A (A K JS HATEORE N « (E A ANFE
SHEA PR BEHLE RSB, FIFT7 mi sk 89 76 1%
FREHLIRELS M 4, FAR S RO & 2 R A B4R 1N
KB (B 4% 1 8 AR K I FF A 0 A AN B T DAAR 9%
EIRMBUEHE), FEiE10.10 cm. 285K Z4EA R
ZAE70 C FET48 hBE &, HH TR P05k
&, EE0.01 gHEIAEDE

1.2.2.5 WM KA BEALIAREZEAFE H
BEASB P B 308 FH A b it T AR I E .
CanoScan 9000F X (fERE, #&&)H A 2Bk
K14, FHPhotoshop CSSHAA-HEAT 43 #r, W& H-THI
o SR JEfE Tl st 5 BNEEAR, 7E70 C P
48 h, FRJE I E FL T o DAREAN AR 1 TRk DA
Xof N2 F T R A 2% A B T A(SLA), SLA =
I AR/

1.2.2.6 IARMMTFRENE EFFEHLT AR
FAdL R A B E SN m x| mifETEIREUS 8530 2R
BRI T o WSANFEHLRR 7 AR H 2000, FH LR
PHARE, FEZ20.01 g, FRREXEEMFAETO CRHL
T EE R TR TR TR R, FfZE0.01 g.
1227 HRFESWUE  201796-9 H KL R
T B, SRR BT ET0 C A N LT R E
i, MHICE S HTI(Elementar Vario ELIIL, Ele-
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mentar, Langenselbold, Germany)Jl & 4%k £%& &
B, AT AR A A (gom )R] LU b
T A XAF R AL A B & (Narea) =FAL
J57 B 28075 B (Niass )/ LA

Je B E &R FH 2% (PNUE) = Py/Nyreq o
1.2.3 #HIEE

B G110 Wk H Data Desk#fF . A2 K275
(6-9 F) 1) 220 Ak 35 IR T o) A AR 2 B RN A= K PR 11
RONE 43 S P DR 25 7 22 90 M 7 v, SR s/ i 35
ZEH(LD)VEIEAT 2 H L X B A E A H
13 (1) AL B KN 3 A 8 FH B DR 3R T 22 9 M 7. 1
R H1EAESigmaPlot 12.5 58 1.

2 RS

2.1 RESETRIFIE

BAEKZFEOG-IH) M E R TR, Famm
BB B A 1)1 A s R AP AE B A HAE I (p <
0.001; K1), ZA AL ZRARF 6 A 3 2 g1
MEAKFEHE-9IEERTHLMAMN(P < 0.05;
EI1A. 1E). AEKFYIHIE] G L RAR AL A E R
Je Tt a BEAR, T A R I S BRI S T s
(E1A. 1E).

B ERKBREAEL . MRS S fL T AR
BEZHAER((p < 0.001; F&1)o BRI AR
LM EE A B3 m T I fi(p<0.01; E1B.
1F), FEalE A K 5079 H )R M.

G FRRIRR okt 28 s i AR A7 AE A HAEF (p
< 0.001; K1), 6. SFI9H M Z IS NI 1L AR 26 1 i
R I T 22 T LA (p < 0.01). FA AT
ZE I A E I REZ= 1 (A )M A2k, I ARPRID 7%
¥ T AR AR AR AR TR S BRI HE B B R B A
(p<0.05; E1C. 1G).

G BT AR e 7K 43 R FH R AE AN B35 (p
>0.05; K1) IWARPRENEKTRIK S FIH AR R
LB R B ((E1D. TH), T AP K2 F)
RORAE A K 5 I A FIRE a3
22 MREZEE

AR T AR PR A SR
A EZFEFHERM @ < 0.001; £1), BRI KR
MAEMAPREIF RS EEARANFEREER
(p<0.05; F2A. 2B). 6FI8 A &AM EHEE 7L
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Table 1 Effects of nitrogen (N) treatment, tree species and their interaction on some eco-physiological and growth traits of Quercus wutaishanica and Acer

pictum subsp. Mono in Dongling Mountain

PR Trait AN W Fh Species A x FFl N x Species
&2 Net photosynthetic rate (Py) *okk *ok sk
TFLFFE Stomatal conductance (Gs) ok sk ok
75 H % Transpiration rate (T,) *kk e Sk
KA FIFZ4% Water use Efficiency (WUE) ns ns s
4% 48 Chlorophyll contents (Chl) - ok s
e R A 24 Maximal PSII efficiency (PHI(Po)) ns ns s
J6 RGUEF AR5 L5244 2K/ PSI size of Q4 pool (S) ok ns ns
WIGTRSZ A A J5 8 5 K HL PSIT Q, reduced turn over number (N) ok o ns
& %R 2% Photosynthetic nitrogen use efficiency (PNUE) ns ns *ox
M4 KB Length of current year branch Kotk * s
* sk

MR AEY) R Biomass of current year branch

WWHRFRF T i Quercus wutaishanica seed mass

ns

- MFAE.
**% p<0.001; ** p<0.01; *, p<0.05; ns, p>0.05. —, not applicable.

25 051 - 101
A B ’lc D
20 041 o 4l - =gt ns
A ok =~ R~ *kk G
w * ' [ ns
PR iy o 03F o 3t ns 56-
= = *okk g ° ns
g 10 * g o2 g2} . E4
~ e *k Iy S
ol M S &
st o1} Q/Q—& ! S|
0 L 1 1 1 0 L L ! Il 0 1 L 1 Il 0 L L " i
06 07 08 09 06 07 08 09 06 07 08 09 06 07 08 09
A4y Month H 4 Month H 4> Month H 4% Month
25 0.5r _ 10 -
E F G H
20} 0.4} 4l ~gl ™ ons
A A o~ Ei
'I*é 15+ © 03t &3k 56— ns
= o x O ns
[=} ns [<] _—
g 10f ., ns Eo02F s ns 2oL ms © S4)
E *ok 1 * ns :_ * E
5F 0.1+ 1+ 2+
0 L L L I} 0 L L L Il 1 1 1 Il 0 n L L 1
06 07 08 09 06 07 08 09 06 07 08 09 06 07 08 09
4 Month 43 Month A4 Month 43 Month
-O- Xt B8 Control  -@ ZZRHN N addition

E1

AL B2 T AL R R 1L R ER(A-D) 1 LA ME-H)E AR P, RILFE (G FM T 2 (T F/K 4 F 2R

(WUE)I M CF- 3 EEbR M Z2) . **%, p<0.001; **, p<0.01; *, p< 0.05; ns, p> 0.05,

Fig. 1 Seasonal changes of net photosynthetic rate (P,), stomatal conductance (G;), transpiration rate (T,), and water use efficiency
(WUE) of Quercus wutaishanica (A-D) and Acer pictum subsp. mono (E-H) in Dongling Mountain in response to nitrogen treatment

(mean + SD). *** p<0.001; **, p<0.01; * p<0.05; ns, p>0.05.

ZRARAOIT SR & B (p < 0.05), RIS A BR -
SR AL IO A DRI R R R (p <
0.01). PRSI Ry 4 S RAFAE R E % R <
0.001), Fif BT 42 B FIL /MR, 6-8 7 Bl
B P 2 4 i R BB 3

2.3 MHEREWRAHHE

AKTR(6. 8+ 9T ) B IR AR RO R
i1l KA 3R (PHI(P ) ITE A B3 (p >
0.05; &1), HSAMEBIN T FAMIFIPHI(P,) & T
xR (E3D), HFH A HIPHI(Po)1ES H 4y B B AK T
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W
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%%k
ns ns
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*

ns ns ns

Chl (SPAD)
8 &

w
W
T

W
o
T

06 07 08 09 06 07 08 09
A4y Month A4y Month
-O- Xt Control -~ &N N addition

E2  FACEST IR ERA) I A (B4 % & & (Chh) I 2
PRI CE BE AR UER ) . #*, p< 0.01; *, p< 0.05; ns, p>
0.05.

Fig. 2 Seasonal changes of chlorophyll content (Chl) of
Quercus wutaishanica (A) and Acer pictum subsp. mono (B) in
response to nitrogen treatment (mean = D). ** p<0.01; *, p<
0.05; ns, p>0.05.

6F19 H 43 (p < 0.05).

B HES PR A ' R BRI N HA O B A% 33
HE HL TSR R KN SI)FTE R E R (p < 0.001; 3
D)o BRI ZRARSAE AR (p > 0.05), 1£9/]
1336t T A SR Z A B1IE 25 7K F(p < 0.01; &
3B. 3E).

NI ZE 2 5 T P AR 4] 2 R 32 AR (Qa) B
I JF R RE(NYp < 0.001; 1), EFHFHEAR
H Ay i N AR EEASE(F3C, 3F). RIS INTES A 43 %t
TLARMRARI6 9 A AR IR e S A S5 i
A 2 R ER . IR RRONBEZE 215 (T 1)
HRINE
24 REBFAYE

GRS I A B RTRR o 1 22 ELAE X A R FH Ak
FK((PNUEYH ZE M (p < 0.01; £1), BARNEE
TILRBRBD A BRI R, TR T Fommm ot
G R R (E4A).

25 HEERFZFEKNENE

IS IIONT P AREFh 2 AF AE SR K ERN A 2
BEFM(p<0.05; F&1; E4B. 4C), &R HR
Fh 2 AR 26 T K P A AE W R R HE AR 40 Sl ik
$1123.98%F189.13% . S I I ARARHT A A 26K T
A E e E R 2 S T I AI(p < 0.05). itk
AN, HEEAERA K BRI AE )t B B AR 2 5,
I RMREIX AN E bR _E 3580 B T A (p < 0.05).
26 MFRE

AN BT 2 5 L 2R AR SRR o 2 1 B
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B3 AU H I ZR R (A-C) R A H(D-F) 4 38 b PR
M RAME I F R PHIP,)) . HTZ RN (S,
WL T =2 VAl 3 TR JE) 268 R B0 (N 1) 281 1k B T (O 3 (B e
fZE). **, p<0.01;* p<0.05ns, p>0.05, FHTFCEHI
T A B sk ok o

Fig. 3 Seasonal changes of maximal PSII efficiency (PHI(P,)),
size of Q4 pool (§,) and the Q4 reduced turnover number (N) of
Quercus wutaishanica (A—C) and Acer pictum subsp. mono
(D-F) in response to nitrogen treatment (mean + SD). **, p<
0.01; *, p < 0.05; ns, p > 0.05. Data measured in July were
missed due to instrument disorder.
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Fig. 4 Effects of nitrogen addition, tree species and their in-
teraction on photosynthetic nitrogen efficiency (PNUE)(A),
length (B) and biomass (C) of the current-year branch of the
two tree species, and effect of nitrogen addition on single seed
mass (D) of Quercus wutaishanica (mean + SD). Different
lowercase letters indicate significant difference (p < 0.05).
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