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WE:  [HN] AR BT FEEMMFRF B s mblel.  [D77%] FIHAMEE (KNOy) . AR
((NHs);S04) + VREZE (NHNO3) A=FEIE, #d B EuiEils, wE 4 MAFERUIEE (REURE. HEIT
B mAUIREAIEEX D, B FREDIEEEX ARG TR F R KFEHR KFRE 385w, #n
FZARFIRAEFh -5 AR TS BT R RSB LR A 9iie 0T B S R D5 R MR R R 24 . D45 R ] Bk R
TURERTFh 1 A AR AM I P AR 2, ICARBE R NHA R SEE ERA R T 1A, A Fh—77£ (NH.) S0, F1 NHNOs ZIR IR EDT
R AL R R FARUR FRECE R E . (450 ] TEARTE SRR AR FUT R AL A IR E T (R AR H
NIRRT, BEETRE IR EE 3R, BUTRERT PSRRI BRI R 2F I HIE IS 98: 0.2%. 0.6% (NH4)2S04 F1 0.2%-
0.6% NHyNO; 4 FE T E X BTS2 R K TR, 0.2%. 0.6%. 1.2% KNOs , 1.2% (NH3),SO4 F1 1.2% NHyNO5 4k
R A AT BT BT 2R R TAE; 0.2% (NH,)2SO4 KEFEA FI T AT s BT R A2 AR E Ff 1
HA R PRI/ AR

X8R AU MR AR ME

Effects of Nitrogen Deposition Simulation on Seed Germination of Cunninghamia lanceolata
and Liquidambar formosana

Lin Zhirong'-2, Lai Huijie'2, Fan Huihua3,Li Chengjun'-2, Chen Shuilan'-2,Liu Aiqin*!-?

(1. College of Forestry, Fujian Agriculture and Forestry University, Fuzhou, Fujian 350002, China;2. Chinese Fir
Engineering Technology Research Center of the State Forestry Administration, Fuzhou, Fujian 350002, China; 3. Fujian
Academy of Forestry Sciences, Fuzhou 350012, Fujian)

Abstract: [ Objective] In order to explore the influence mechanism of nitrogen deposition on seed germination of major afforestation
tree species. [Method] using nitrate nitrogen (KNOj3), ammonium nitrogen ((NH,),SO,) and mixed nitrogen (NH;NOs) as three
nitrogen sources, the simulated nitrogen deposition experiment was carried out. , set up 4 different nitrogen deposition gradients (low
nitrogen deposition, medium nitrogen deposition, high nitrogen deposition and normal control) to compare the effects of different
nitrogen deposition treatments on the germination rate, germination potential, germination index and vigor index of Cunninghamia
lanceolata and Liquidambar formosana seeds. To reveal the response mechanism of Cunninghamia lanceolata and Liquidambar
formosana seeds to different forms of nitrogen deposition, and to provide a scientific basis for screening afforestation tree species with
strong nitrogen deposition adaptability. [ Result] The higher the concentration of nitrogen deposition was, the more obvious the
inhibitory effect on seed germination was. Low concentration of NH4 + could promote the germination of Liquidambar formosana
seeds, and the germination potential and germination index of Liquidambar formosana seeds were promoted under the low nitrogen
deposition treatment of ( NH, +) ,SO, and NH;NOj nitrogen sources. [ Conclusion] Different forms of nitrogen sources and different
nitrogen deposition treatments had different effects on the germination indexes of Chinese fir and Liquidambar formosana seeds. With
the increase of nitrogen deposition concentration, the inhibitory effect of nitrogen deposition on seed germination of two tree species
was enhanced. Under 0.2%, 0.6% (NH4+) 2S04 and 0.2 %, 0.6 % NH4NOj; treatments, the tolerance of Liquidambar formosana to
nitrogen deposition was greater than that of Chinese fir. Under 0.2%, 0.6%, 1.2% KNO;, 1.2% (NH4) ,SO4 and 1.2% NH;NO;
treatments, the tolerance of Chinese fir to nitrogen deposition was greater than that of Liquidambar formosana. 0.2% ( NHy4 ) ,SO4
treatment was beneficial to the germination of Liquidambar formosana seeds. The higher the concentration of nitrogen deposition, the

greater the inhibitory effect on the germination of Chinese fir and Liquidambar formosana seeds.

Key words: nitrogen deposition; seed germination;Cunninghamia lanceolata; Liquidambar formosana
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IR T Tk R BHOEANEE . LS FAL IR A R BRI A HoAth N 2353 5
FORAREH ORI N, A AR R EIR KA, T 51 R EDTRERIY . AR 38 EFIRRM 2 2Bk
RAEUIRE I EE XK . B O Rk R A 26 B 5 148k 3 REITRREPIX 2 " KA BUIRRAE—
SEREFE R AR AR RGN A e . & B EUTEEE I NA R T ALK, milk e
RS R B T ARG, ST RLRE AR A R TR, 7E s R R TR K BT
3T R0 (R SR AT B R A K, T AR R R A A K BRI, R IR R KR T R R
B EA B EE IS o

WA (Cunninghamia lanceolata) &3 IF 577 N TARIAR B R E MM Bl 76 FRIE N AR A 5 8 2k
K, WFEF (Liquidambar formosana) +EFRIE R 5 LG R EE 2 LR, Sl smF " 1
FEBL, BIRRZFE AT T RUTEXN RS RGELWHEAT T REMFL, BT SRR, FEER
FETRUBE AR A TR TR PEI . A3 Rl 55 7 1 191010121, (H A7 50 ST B o SRR AR B 8
S H A R 77 R st e 52, T HL H AT R 7T 2 2 DL — TR AS B U E AT ST PR AR DL U3 14 15,160,171 g
HARFARIP RIS EAR, B2 MESNER, Kk, H$P TSR EEAT R TR A L8 R &
TR ARA P P4 £E 5 IR AL

BET I, AU T FERAERM AR . WE RN R, FIHMEZR (KNO3) | HAR
((NH4)2804) « VREZE (NHNO3) NEUE, LB UTREBALIRLE,  HLEAN A BT R AL BN A AR A AT
R REFR . KFESH . KRR GBI, BT AT A1 A [R] JE 25 BT R e 82 AL
RNEERAEAATE 50 F N TiE R B R .

1 MRS 7%
1.1 REA R

ARG AT TR A AR @S =T ICEE ARSI =R, BEFh7k B AR 224 - i R
Mol .
1.2 R

HRAE AR DB R SE PR B LR AT NI AL 85 1, B =R A FEAS A AR (KNO3)  #EX
((NH4)2804)  HBAE (NHaNO3) 1ENARIG R ITRE IR, 7L NIy N2. N3 KR BEFIE A1 &8
PRV E 4 NMIREERREE, 0518 04 0.2%. 0.6%. 1.2%, L CK. LN. MN. HN %7, L% 12 MAFE A
H, §MHEES 405

R 1 BARAREAFLE TR FR

Tab.1 Average germination rate of Chinese fir and Liquidambar formosana under different treatments

hb3E ARG % AT R 2 5
treatment Chinese fir germination rate(%) Liquidambar formosana germination rate(%)

CK 55.0016.63 76.00110.71
NILN 48.001+10.46 70.50+3.41
NIMN 38.50%1.00 59.00411.83
NIHN 32.00+1.63 55.00%10.00
N2LN 47.001+8.25 78.50+6.61
N2MN 38.00+5.89 74.50+5.98
N2HN 14.00%5.66 71.00+11.14
N3LN 44.00+5.42 72.001+10.95
N3MN 38.50+4.12 64.00+16.17
N3HN 19.00+6.83 31.00+14.38

VE: R EEE I E T £ FREZE . Note : The data in the table are mean + standard deviation.
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1.3 W HE

TEAR AR K 2R N ARG AT FP 70 A58, P 3O 35 3 355 7% 1L Hp gE A7 A8 DG A -1 i
56 o B AURAR T RIRE A 0.5% 1) & AR FRAT A IR V8 30min 7245 #EAT A B A 2R A0 HE[ 18], B4R e &
6 5 B TEAE IR RIS 24 NS, ERRTFEEE IR R R LR, SR IE R I T
JE R B A LR TR AK S ¥ 50 0 CACEE IR FE L0 & K B B8 E P Z I8 4K
BERSREFRILA, 23 AN Sml AL BACHE KT, HCE 7R SA R 95%. 5 25 CH N TS5
AT RE IR ESE TR 2d B — IR PEAR, SRR RE IR ML A Foh - R I AR SO AR (R AR BLASE I Sml
FRIRFICH R A FEV, AR R AR R FE FE . AR 102 00-12:00 id 3 M &R T Bo i K 1E o, BIIR)E
TELL 3d HRBA T BB R AR, AT RS . G S RS D A AR R AR ARG L AR
WP FEATE M PR R KRR RFRBNE bR .

REER: G=RZFFIFFE/AHAM T 2 5x100%. ;
R EFR=R I R 2 BT B AR T 2 203 100%:;
REFEFRE: Gl=3YG/Dt X Gt——AFIRZFRE ()RR De— N R ZF 5 K E(d);

[19]

TR EG: VI=GIx S S AR KKE;
1.4 BIRAEBE SR E

KH SPSS24.0 B AFHEAT vt 400, R 77 Z 747 (One-way ANOVA) Al Duncan’s (P = 0.05)
AT Z E L. ] Microsoft Excel 34T B3 Ab B 17 [ 2 224 o

2 R 50
2.1 FERGTBERT 2 KRFNE T T % 5F RS2

B 1AL, DUEESE (ND AR, ARIKREERUIEAE T, FZAR(A). P B) P 1K 5 25K T X
MR, ERGEIRAER MNL HN AR R IR EL TR (P<0.05) , M7EMRIKE LN AL FREAR TR . DLk
AR (N2 AR, NFEWRERIIELET, BRE(B)FIT LN AFE R R 2R 0% & xRS, RS AR (A).
WA (B) P14 A 2 IR TR R, A A2 AR (A) T 7E B SAR FE MING HN A3 R 3 32 2K T %R (P<0.05)
AR (B)Fl 1~ 78 HLyK JE T EI3 R UMK TR . DUR SR (N3) NEIE, NREIRERIIELET, 2K
(A) WA (B)FI TR S 2 IMC T XR, FEAZAR (A FPT (1 B Ab B S5 0 (B)FP T HN Ab3E 3 B TX)
8 (P<0.05) , TMAEME(B)FIT LNy MN b3 TR T X /. EARRIZIRER LN BB, BRE (B)Fh 11
A (N2) ACBERG S XIS, HRAZAR(A) WA (B)Fh 71 K R MR T I EAN R ZWR R MN Ak
R, AR T =R IR AL ) B E R TR (P<0.05) , MAE®B)F I TR, HERALE.
FEAN A R ) HN AR B R FIRZ AR (A)VRIIE (B)FF T R 2 %, BRIE B)Fh T IS Z (N2) A3 MBS 1%t
fRAh, HAR AR B EC T X (P<0.05) o A2R(A). WA (B)Fh T R 27 R AE AR IR AL HE T Bl T B B
IHE R, BRIE(B)FhT N2 BIREL BTG T REash, HRfRREyhEs, KPR A7 N2 FIE
) HN AbBE R R ZE R AR, N 14%, W& (B)FIF7E N3 ZIEM HN ACH T R F R (K, N 31%, 7E N2
ZUR M) LN AbEE R ST R 2.5%.
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Fig.1 The effects of different types of nitrogen deposition on the germination rate of Cunninghamia lanceolata (A) and Liquidambar
formosana (B) seeds
NG PR —RIRA FIR B 2257 (p<0. 05), K5 F-BHURF — IR BEA R ZUIR i 22 57 1 (p<0. 05) (D

Note: Lowercase letters represent the difference of different concentrations of the same nitrogen source (p<0.05), uppercase letters represent the difference of

different nitrogen sources at the same concentration (p<0. 05) (the same below)
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2.2 RRIGGFE FZ ARFNMEF M T X FHHF N

B 2 A7, DUHAZE (ND SRR, AR ERIEGEET, ZAA). PEB) R K 238 5
TR (P<0.05) o LAEESE (N2) AR, ANERERIIFAE T, B (B)F T 1R ZHHAE LN 4
R = TR AL, HARAEZARA) . EB) P T IR A B Z L TR (P<0.05) . LUEAZ (N3) AR
U, AFRERDIEAGEET, BRIE (B)F! TR S AEARIKRE LN A3 R g m T AL, HREARA).
Fr(B)FP T IR ZF A B ZLT X (P<0.05) o TEARFEIEIEMN LN AFER, FARA)FF 1R FHAE NI,N2
BIRALHE /N T X (P<0.05) , 7F N3 ZIRACEE FRSE T X IR, HAE (B)Fh T IO K 2 35 7E N2,N3 & Ab
R = TR, 7R NT EURAREE SR T R EANFEURR) MN AR, A2R(A) . B (B)FR T IR 2
IR FHL TR (P<0.05) o FEARFEEIGR HN AT, FZAA). BEB)FT-HI K 2438 B EL T 018
(P<0.05) o 2K (A)s BUE (B)Fh (1) K 25 350 AN TR BUUR A0 38T Bl R BE R 38K, R (B) 7 19 N2,N3 4
JEAbEE 2 EFE T BRI SSN, KRB FR&ES . ARA)FFE N2, N3 ZUEP HN A3 TR F
PIRAK, YN 0.5%, WEB)F T N1,N3 K HN A FEHIR %8 0, 78 N2,N3 ZUU5 T LN b FE 4
AT XTI 2.5%F1 5%.
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Fig.2 The effects of different types of nitrogen deposition on the germination vigor of Cunninghamia lanceolata (A) and Liquidambar
formosana (B) seeds
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P 3 AL, DRSS (ND O NEIE, RNEIRERIIFGE T, ZARA). P& )T 1K ZFFE/E LN
AREE R BEAR T X R, 7E MNHN AR R B 2T (P<0.05) o« PUEASZE (N2) NEIE, ARWKERDIF
WFER, AZAR(AVFPFAEARIREE LN Rb3E R & 2F T B A% 1550 BRI AT (B) B T 7EAIRIR B LN AL B IS =

SR, HAAMFEARNA). WE )R T R ZER IS EZ TR (P<0.05) « LUEAZR (N3 NERE, K
FR R UL , A (B)Fh T 7EMRIKE LN A3 R ZE4R20mE m T i, 7E PRk MN b2 T ISR
T, HARMEPIZARA) WA B)FF IR ZFRE R E TR (P<0.05) o« EARZIE LN 405
N, BRI (B)FhF7E N2,N3 ZUIRALEE T IR SR Ems = T IR AL, HARAZ AR (A) . A (B) Bl (1 K ZF FR 2K
ZImEAR T M. ZEAS [ ZUE MN AL EE T, BRAXCE (B) M1 7E N2 ZUIEAL TR T B R ZF 4R BOS AIC T HiAh,
RIEAR(A). W (B)FIT- 1R FH I B T X (P<0.05) o ZEARIEIE HN A T, HAR(A). WE
(B)Ff T B A EFHR BB Z R T X (P<0.05) o F2AKR(A). BAEB)FI 5 HI K 5 EEA [F) ZIEAL L T RE A
WK, BRIE (B)FP 776 N2,N3 A T 256 BTG A, HRYWE TFREHE. ZRA)M
TE N2 BIRR) HN A FE R ()R a8 A%, N 5.87%, BAF(B)FI 178 N3 &UIEM HN 4bFE K 1R 246 B
X, N 11.45%, 7 N2,N3 ZEN LN AL 5 5 0 T 5 I8 4.84% A1 0.47%.

AN EIRALE AN R AL
® k2 INEE WY HN () e 77z = I
® L . (] CK DNEE WY HN (B),l(pz- kAN v Y V3
A A A
£ 4, e oy, b
éao Hloa a1 ;ﬁ 30 A [
el % ?;ﬁ 'EH 4
= 7 50
20t 7 =2 0t C
= . -
= 7 5
5 W =
7 o
¢é 0 ;I — §
° % , H=\
N1 b trea¥hent N3 LN QbFitreatient
AP treatment AbFtreatment
Different nitrogen source treatment Different nitrogen concentration treatment
AR IR AL E AR R B AL
Different nitrogen source treatment Different nitrogen concentration treatment

B3 ARV SAZ AR (A)VRE (Bl 1 2F Fa A sz
Figure 3 The effects of different types of nitrogen deposition on the germination index of Cunninghamia lanceolata (A) and
Liquidambar formosana (B) seeds
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Figure 4 The effects of different types of nitrogen deposition on the seed vigor index of Cunninghamia lanceolata (A) and
Liquidambar formosana (B)
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(NH4)2S04F11.2% NH4NOsALH T AZ AN BT FE I 52 F2 K TA - 0.2% (NH,),SO.H B TR E i+
Ko

SE 3k

[17Yi Cheng et al. Nitrogen deposition affects both net and gross soil nitrogen transformations in forest ecosystems: A review[J].
Environmental Pollution, 2018, 244 : 608-616.

[2]JiaYanlong et al. Global inorganic nitrogen dry deposition inferred from ground- and space-based measurements.[J]. Scientific
reports, 2016, 6(1) : 19810.

[3]Xuejun Liu et al. Nitrogen deposition and its ecological impact in China: An overview[J]. Environmental Pollution, 2011, 159(10) :
2251-2264.

(4]0 55, S B, 5K 7R, (S B, 250k, B, 40 A5 N, 1961 —2010 4F A [ X 48 200 4 A 25 1% = U IE 72 [0]. AR A 2
#%,2016,36(12):3591-3600.

(518 A, VLW, BARZE, Sk, T7 B . ST 2 EARN 2 D6 G A SRR P A DL ST B A e SSE ], B bR AL R 22
%, 2007(06):1-9.

(617715 22, SV, Ji [ 3%, g B e, il L 3= SRR S AR Wy i A A A0S 00T P T A 3wy 182 (7). 4y ML A H A ) 2
1, 2005(03):198-204.

(TIRACE, BR5, SRERI, SEOT 55, BAR, XU LM, B E, R, AR R w2 & BRI (1.7 5 Rk =
i, 2015,46(02):293-298.

(81X, XURIT, Bk, XSl BT TR Uit g [T] . A @tk i1, 2007,(02):190-192+201.

[O1FHIELE, FARE, XITTHE, 37575, BRth9%. SR DTRE X K g A4 A s ma[)]. 225205, 2008,17(06):2397-2400.
(0] EFERE, F3E, FRREY, Bat, S285%, B, 271l B9 R R i A RR M s ma [J]. 50l RN, 2019,36(12):3093-
3099.

923



5\ E MO AR K 2 SI5 M 2

\

[11]Matoor Mohsin Gilani. AUl FUT FEFNEUTRE N mE 7 R ERFP AT IR, %0
2, 2020.

(12136525, B BT & HE Bl 2 A4l i A KR MR 52 [ D, b S Mol BB 7T BE, 2019.

(1314685, 5k, WALER, AR, AN &R E M R IO 8 i Fh 85 & 52 ma [ 1] bR kR 22,2012,51(04):731-733.
[1A1ATIAS, Th2ik, MR ZE, s, AN RIS PR R R L5 R A1 R 152 (). 677 2, 2013(03):173-175.
[
[

235 M AR BRI (K152 [D]. AR AR

15]B7K 25, BRa i, K IG5, PR IR P IEARFN T4 J1 052 [J].FF-,1995(02):50-51.

16]Huiyuan Cheng, Bingde Wu, Shu Wang, Mei Wei &Congyan Wang (2021) Nitrogen application and osmotic stress antagonistically
affect wheat seed germination and seedling growth, International Journal of Phytoremediation, 23:12, 1289-1300.
[17]Zhang T, Liu M, Huang X, et al. Direct effects of nitrogen addition on seed germination of eight semi-arid grassland species. Ecol
Evol. 2020;00:1-8.
(I8 EFE. g r &7 2 EWRNLL)E 58, TR & v AR IR AR R IR AME AT FL[D]. g IMERE,  2015.
(91 EEE, 78, B, . AR KR, 3B EARKEEH, 2016,28(03): 52-57.
[20]Vitousek, P. M., Porder, S., Houlton, B. Z., & Chadwick, O. A. (2010). Terrestrial phosphorus limitation: mechanisms, implications,
and nitrogen—phosphorus interactions. Ecological Applications, 20(1), 5-15.
(2045 el e, P05, AN R B AKC T3 S JpRA 8 A K 4l v AR A HRIRZ D). 57, 2005(09):1-3.
[22]Meérigout, P, Gaudon, V., Quilleré, 1., Briand, X., & Daniel-Vedele, F. (2008). Urea Use Efficiency of Hydroponically Grown
Maize and Wheat. Journal of Plant Nutrition, 31(3), 427—443.
[23]CURREY, P. M., JOHNSON, D., SHEPPARD, L. J., LEITH, I. D., TOBERMAN, H., Van Der WAL, R., ... ARTZ, R. R. E. (2009).
Turmover of labile and recalcitrant soil carbon differ in response to nitrate and ammonium deposition in an ombrotrophic peatland.
Global Change Biology, 16(8), 2307-2321.
[24]Xu-dong Huang, Dong Wang, Pei-pei Han, Wen-chuan Wang, Qing-jie Li, Xiao-li Zhang, Ming-wei Ma, Bao-jian Li, Shi-jie Han,
Spatial Patterns in Baseflow Mean Response Time across a Watershed in the Loess Plateau: Linkage with Land-Use Types, Forest
Science, Volume 66, Issue 3, June 2020, Pages 382-391.
[25]Wen, D., Xu, H., Xie, L. et al. A loose endosperm structure of wheat seed produced under low nitrogen level promotes early

germination by accelerating water uptake. Sci Rep 7, 3116 (2017).

924



