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Effects of the supply levels and ratios of nitrogen and phosphorus on seed traits of Cheno-
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Abstract

Aims Globa nitrogen (N) deposition not only alters soil N and phosphorus (P) availability, but aso changes their
ratio. The levels and ratios of N and P supply and their interaction may simultaneoudly influence plant seed traits.
However, so far there has been no experiments to distinguish these complex impacts on plant seed traitsin the field.
Methods A pot experiment with afactorial design of three levels and ratios of N and P supply was conducted in
the Nei Mongol grassland to explore the effects of levels and ratios of N and P supply and their interaction on seed
traits of Chenopodium glaucum.

Important findings We found that the relative contribution (15%—-24%) of N and P supply levelsin affecting the
N concentrations, P concentrations and germination rates of seeds was larger than that (3%—7%) of N:P supply
ratios, whereas seed size was only significantly influenced by N:P. Simultaneously, seed N and P concentrations
were impacted by the interaction of N and P supply levels and ratios. At the same N:P, decrease in nutrient supply
levels increased seed N concentrations, P concentrations and germination rates. N:P supply ratios only had a sig-
nificant effect on seed size and germination rates under low nutrient levels. Overall, these results indicate that dif-
ferent seed traits of C. glaucum show different sensitivitiesto N or P limitations, leading to adaptive and passive
responses under different nutrient limitations. This study presents the the first field experiment to distinguish the
effects of nutrient supply levels, ratios and their interactions on plant seed traits, which provides a new case study
on the influences of global N deposition on future dynamics of plant population and community.

Key words seed trait; nutrient supply level; phosphorus supply level; N:P; sand cultured pot experiment; adap-
tive response
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H Tl dr100% 5k, fERE s @2 A
KTV ES), BUTRE D4 — A E 4
BRI A5 A 8 (Liu et al., 2013; Pefiuelas et al.,
2013). A= H LB E LY 2 M (Stevens et al.,
2004; Bobbink et al., 2010). IRZIFEIA S R G451
FIIRE(Bai et al., 2010; Liu & Greaver, 2010; Lu et
al., 2011). RUUFETER I L3RR A R EIR,
Tn e A 2 RSk BR (L et al., 2016). X &5
RUTEY 5N LR N K- B B [F I, EAT
Z AP LB TR AR . (E2, BT e M Z it
Mg B A BAE RN B ARARAS R G 1 S
IRt /b, T BRI A KR E FE R
W7 (Gusewell, 2005a; Luo et al., 2016; Zhang et al.,
2017), Tt EF AME R PR 2 e 1 TR AR D

T Ty RE PR B 2% R IR AR 38 R 4 Y e (Lavorel
& Garnier, 2002; Violle et al., 2007; Cornwell et al.,
2008). /LT N AR T BB K s K&
HAZ HAE S HEY4E K (Gusewell & Bollens, 2003;
Fujitaet al., 2010). #iH 7 EL(Luo et al., 2016). FEA)
77 (Gusewell, 2005b) PA & 77 43 [8] i 2 (Gusewell,
2005a) [rIFEM o H A&, I 208 T B % 0 ik
FETEIREIVER . MY EFRIEIREN R CR TS N
BRAEThEEA A, 10 AT MR (R 7 ) B i 25
W B KRBV HE D EES RGNS LN
(Leishman, 2001; Walck et al., 2011). i, Fh1-k
/INFI R FE AT DAAR B b Pl 4y o A s A AR, BT
KR BIPHBEFIFEVR IO TR, FE S EEA R RS
(Milberg & Lamont, 1997; Walters & Reich, 2000;
X E R4, 20048, Moles & Westoby, 2004; Naegle
etal., 2005). AHLLTRIKEE, Fh¥ WK E AT GEXS %)
M A K kK E ¥ O~ E 2 (Gusewell, 2004; Balestri
etal., 2009), X 7EARMHF 7L OV 1S B2 UE SE
(Zhang et al., 1990; Grant et al., 2001; Zhu & Smith,
2001; Nadeem et al., 2011). FH., Bk PR 1(Fr
AR — AR = A B AR AR K SE T
TH #5561t % (Aarssen & Burton, 1990; Schmid &
Dolt, 1994; Verdu & Traveset, 2005). Fi¥Hi &K
A DU BeRh it &, DR E IR Z I AN R
ifj & (Howard & Goldberg, 2001; Navarro & Guitian,
2003; %1% 4%, 2004b).

A i B IR & B0 I 2 2 2 s e pp 1
KANCEINELFEAR) FIREY ) B (FFAR)
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A R 2 (FARARG) AT 3k 2 (F:41K) (Fortunel et al., 2009;
Manning et al., 2009; Hrdlickova et al., 2011; He-
jeman et al., 2012; #HE =55, 2017; Li et al., 2017).
[F R, R AR 5 2 SO P R (B I B
fIK) TR B (R ) R0 FBE (R ) A e i e (e
%) (Hrdlickovaet al., 2011; Hejcman et al., 2012; X
PRHE%E, 2013; Li et al., 2017). {HjE, HATEMRAH
BT 5 73 B U (4 7 L A 0F S A/ P i1 MR ) 52 i
(PhE w5, 2017). R, ATAENTERE AL =,
(@S SER (S EROR =R RN AR S W)

K 43:%% (Chenopodium glaucum))™ 32 73 Afi 7E 4> 3k
i DXk, RIS 0 A 5 A — SR AR SR R )
FHE YRR B B A A Y (Bai et al., 2010). K JH K 4%
AR NARZIGHTFON B, JEH BT AN 8 SR SE g,
FATBEE 3 EURE AL R EE AN 3AM LB L A5 1) 158 55
5, BEX 7 EBEEERIE . Lol R A2 BAR K
XA YR RE I o AR DL B RE R AN R 1)
G A 7 5 R A0 2K S ZE M- PR 52 e ) AR X
TEE? 2) U AL S A LD B MR R s 2 S
TAAESE BHAE 2 3)FEAN R A UBE AL S L 3] sl it 7 B
TEOLT, Fhr ROt U8 (it R 5 5 L A7) £ v 75 4T
AN[F?

1 #MRA7GE

11 RS

ARSI AE P 5 R AR &S R G0 ALIIF T s
o SR G AT N Sl BRI, Bk
H PR A7 B N43.63° N, 116.70° E. S2I6 X AR T 345,
1103 C, AP R1A M &(K(-21.6 C), 7TH
(19 C). HFEMKES346.1 mm, EKEFK(G-8
) i #1424 K B (1) 60%-80%. 1% [X 425 1 1 i S 7Y
MR EL I K SR AR R S X 3k I — 4 AR S B ol
FTEE A H R B A Y (Bal et al., 2010).

IO RG BAR S AT I (8] 92010426 H 18 H 229
AH . LI EFEONALBE, SR 3N EUBE AL B KA
SAVEBEHE R LUl 58 4 IEAZ Wi H (KL, Gusewell &
Bollens, 2003; Gusewell, 2005a), 44k 20 5
5o BN R I K SR F AR A A I BT
EH R E(44.5 mg)FIik & (3.1 mg) ) JU P50t
AT, 16 U5 HOR T A AN B A A K
B Wi f) 38 5 %G N (multiplicative effect)(Gusewell &
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Bollens, 2003; Gusewell, 2005a). firbA, FRATIEELH]
AL 5 593.93 mg (&= AL)R), 11.80 mg (H &
HERI)FI35.40 mg (= E L) BB AL LG ] T B
ANREGEEAF BB (. AR R RIZE)IN:PYE
FH(4.9%46.2), NTMTEEIN:PAS. 15f145, HARIIE
ke At 7 BT EL A 0L 1

R AT A IR R LN

Table 1 Levels and ratios of nitrogen and phosphorus supply in each
treatment

N:P KBS N/P supply amount (mg-pot™)
k& Low & Middle i@ High
5 8.80/1.76 26.55/5.28 79.15/15.83
15 15.15/1.01 45.75/3.05 137.11/9.14
45 26.55/0.59 79.15/1.76 237.62/5.28

ZE K F KNOs, il I K Fl KHoPO, » 3 T
Hoagland & 7= i AC 77 it B 2 % 7 HL45 5 1) A s )
IR T IeE . FHKCIRPHE R K ST
MR K ORIE R I EpHIE B 72 4 . RS 77
TP A48 I 3 o R AL 0 A B ok AR S B2 A 3
ORI e = A

RGBT TR A Ve TR I B
(EA%£20cm, fmfE25 cm), MAE10KFH T N4 EE
207, 9MAabHIL180%: . FhFHi &k H I N6 H18H,
B K B3R5 5w, SRR — Rk, Phik
FREAB IR AR, DU S Ak ) 22 5 e
TR BIEE o B FHEHEI B IR, 875100 mL .
K FH BRI 38 [ AR B Y DAORIE A BERACR, [RII4
FEAE R 7 A I HLAE 5 17K 7 DAHEBR 7K 73 B 1 2508
12 FFMERNE

YRR TR T IR AT (9H 4H), XFTA YA
PRFRIEAT BURE . ES050 % BAUM T WA R 5L 53
SR, HESSHPIT . AR AL E 208 Ff
FRITE, FHRAGEM RN Bl & SCIRAE IR 5
FEiRE T HET(18-20 °C), [FIN 5% [ SR GHA (Tripathi
& Khan, 1990; Wulff et al., 1999; Defdco et al.,
2003). &k AL I B0 Fh ¥ A 0 2 7 1 &
o MR R B2 o BB RS IR I, LTI
2)ZURAR, &H WA EIK LLORIE M T K P 7 B 7
BTy o BEREG AT R A5 H 3T I0 %, ik
ST WRARAH H o B R S RF SR TR o B R 380 8 ik Horak
MWax (19917 FTH5HEAS o PRI EER AL
8 BUENIE . /e I miRRg Sh M, 1 FHAHRR
B oy 6 VRN E BEIR FE (Liu et al., 2016), If

PR U (I B B B AR 4 B2 AT PRIR 52 965

5O MBS E YR AT R IE
1.3 HEHH

KW R 5 22 Aok b Ui i . Lefsl
PLIEATZ I8 A8 LA R AR s . Fl7
FRAEAR A A 5 22 53 BT 22 W HEA T 0 280 A AR AUE 3
PIIER /4. )5, KHDuncan® = LU A
[) U AL N 7T TR A () U AR 197 B A5 el o7 PR £
SO, [RIRE A 20 T AR ) U (15 2 L 175 00 R AR TR
A= S e R b N )= S T Sl N A s e T
SPSS 22.0% 14 58 i, Bt A3 1) B JE 48 F SigmaPlot
12 55 A

2 R

SR, G A R B X T 1 R SR e PR A
BT ik (15.13%-23.58%) ¥ i K & W 4t N L
(4.41%-7.07%) (£ 2) . WAL N & 5 H A7) 2 [A] 1) 58 H
R FH 235 52 b S50 P R FE

SRR UL, R LR Ll mT DL @R
T R/NAR 5 14.41%, T S0 B A I 5 A e AT] 2 T 1)
L HAER IR R (R2). REEKES KT,
Bl 5 0 LU B =, M B AR /N (B

XFF IR R R U, BB 8 4 AR R AT
B B RN MR B AR 5 11 23.58%0/1123.21%, &M LL 41
ROR SRR B, e AT R A HAE 4303
i o SRR FEE AV AR AR S ) 13.77% M117.45% (%
2). TR FEAE R L AP o 158451, R A
PR 2 BRI AR T UK B, T AE 2B LU A BINE, 5%
LN B B R (E2) . PR FE AR TR

F2 FBELNIR. OO R A EAR AT RN BOREE . BEIREE .
AT R SRR HIT e T8 ) S

Table 2 Effects of nitrogen (N) and phosphorus (P) supply levels, ratios
and their interactions on the size, N concentrations, P concentrations, ger-
mination rates and germination speed of seeds

PSRN BRI FBE bR e L EHAEH
Seed trait NandPsupply  N:Psupply Their inter-
level ratio action
EHE df. 2 2 4
FiF K/ Seed size 0.74%"™ 4.41% 5.3806™
ZIRSE N concentration 23.58% 2.90%"™ 13.77%"
I E P concentration 23.21% " 7.07%" 17.45%""
WK% Germination rate 15.13% " 5.86% 2.79%™
R 0.20%"™ 2.00%™ 4.07%"™
Germination speed

E P SIS W g ik EL R SE e (R = S CORIIRTE 2 VN
S wxx xx % gl oRp < 0.001, p < 0.01, p < 0.05F1p > 0.05.
Results in the table show the variance percentage explained by different
treatments and the significance level from two-way ANOVA. *** ** * gnd
nsrepresent p < 0.001, p < 0.01, p < 0.0 and p > 0.05, respectively.
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Fig. 1 Effects of N and P supply levels or ratios on seed size
of Chenopodium glaucum (mean + SE, n = 20). * represents a
significant impact of N:P at the same nutrient supply level.
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Fig. 2 Effects of nitrogen (N) and phosphorus (P) supply lev-
elsor ratios on seed N and P contents of Chenopodium glaucum
(mean = SE, n = 20). * represents a significant effect of N:P at
the same nutrient supply level. Different letters indicate a signifi-
cant effect of nutrient supply level at the same N:P.
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M BRAREE, TIAERBELL B SIS, BEKEEREE 777>
PN B3 AT W]

X T AR, ZURE Ak I 5 A0 LG 81 23 il it
FEFPF 1 K %78 7111 15.13%H115.86% (%2). 7E(KE
K-, T S SR A U L A8 A D 25 1
(E3), (HRAE PR ERAKT T, RN L X
i R BT W E 5O o (ERUBEHIEN LE ] 5, 15845
HITEOLT, IR N R 2 PR RE A . M
HA TR AN B AT AT A R PR 0 o
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Fig. 3 Effects of nitrogen (N) and phosphorus (P) supply lev-
els or ratios on seed germination rate and speed of Cheno-
podium glaucum (mean = SE, n = 20). * indicates a significant
effect of N:P at the same nutrient supply level. Different letters
indicate a significant effect of nutrient supply level at the same
N:P.
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XEARF IR, I R IR A 8 A I 3 R
PEIR(Tungate et al., 2006; Breen & Richards, 2008;
Fortunel et al., 2009; Hrdlickovaet al., 2011; Hejcman
et al., 2012), 5UIASEIRLE BB, BATHRIA
T R B BRI A EUR S . BEIR BE RN R
R, FRATTA I Bl A PS5 R i 22 (] I 9,52 31 4
AR [ 7 e NN AR o= T )= 2
Wi, i I R R - 49 UMl EL 451 AR Akt 4 S e b1
Mo XLE DA G T PR PR 7, AR
WP o 1T HL, AR A I - O FE A B 52 4
Tl (1L 7 55 AT LU A3 22 [A) A8 A FH (T R0 o 3K 150 R A
FHIF] 5% AR RL K X6 b P bR D5 T 2850 %7 e 2
B U LU PO AN TR T R AR AR A o 52 A [ 1 Ui
AR AT P 52 00 2850 2 Bt AN [R] PRI 7R 53 7K ST R AR
Ak XL R A REEEE R TARAE
B RGP T IEERR A R TR R
R IP), AMXAN A 35 BB A A4 AR A ) 52, [
I AL 45 2% A SV LU A5 B G5 Ul (4t I = [ (28 L
ER . IR, PPtk R 2% SR SR A Y P
ARV A5 1k (Galloway, 2001; Leishman, 2001; Naegle
et al., 2005; Li et al., 2017), [RIEASZEG tHAFRATIA
RAERIEIT & S TR ) B IR A R B SR 1R
BB B A -
MFIFIESPEIR KR, fEABELLHI N5, 158145
(B LT, SR A B B X R~ K /N I 25 5 1 (&
1). X5 R — TS50 45 B 28— Fortunel 5
(2009) 2 T HR g AR 78 R R B I B 1844
Fh, FIH AL R IAE R T KNP Z IR 55
IR AE R, BATRITEARETR KT, &
M Lo B BRI AR KN o IX BB K SR BEAE A (E
TR RIS, W AE e I A R R )
b7 K/ (Vergeer et al., 2003). 4R, 1% 5.3 3N 4>
Bl 5 77 o L BRI B W 2K, Fa 7 Hh U B 451
RA BT EZ IR A 200 Bl RN A i 2
YER, MITEFRSr 38 PSR s2 A K
BT IR TERRTE, 5% L h 1584451
BT, (KRBT HEN B4 m A T 2R, R
TE R LA 9 B 1OL 55 40 A B 5 (1) RIS AN i 2
X5 DU IR TR 3 2 A 0 b 0K B R el ) S e 5
(PR BA 2 M) (Hrdlickova et al., 2011; Hejcman et
al., 2012) A —%, HAREFE e~ 1) EU AR

ELA5] (15A1145) AR 20 Bk EL 9] (B) vk S8 /b O i (A %,

PR A U (I B B R AR 2 BE A PRI B2 967

T I o 2R A 7 P gk 2 H IR /D ) B N
2)TEARBE PR, M) T RE 2 T B InFh T 0K
JEE DA 58 5 AXR 6 A R ER B (1 B ) (Violle et al.,
2009). ZfBhith, M L1y 15545 E L T, IKE
TR NI IR B BE, I 7 LL A A SRR L R
WA R RS . X 0] B2 RN TERE IR S [
Z AT, Y ESER T BT 2 18, ok
M AN IR B0 R % G 5 AR A7 THT 52 7 (Vergeer
et al., 2003). ZUEAL R Lb PR B A B
SO, B K S BEP IR FE T I U At
] AR AU . R B, TEFR 25
REACE T, KERZEF DT BRI B A U LR L 451
(R HE 0TI FAEAEG, 00 BH b7 A B2 AT e o) L 39 g PR 1)
IRBUR . (HRTEFRMREAKCE TR, P78k 5 20 b8
AL R LA (0 3G T G, i — P EDUE K SR AR
Fif- 3 3l BB 7% 43 LA 7™ B ff i = PRI — &5
o [FRE, B NSEER 45 R Won i K g g
R A R ) B A T 2R AL B IK (Grant et al.,
2001; Maet al., 2002) 5% 7} = (Groom & Lamont, 2010)
(R B, I ELAH A 52 B 8] — R A A1 R AN [R
R 22 X6 75 43 5 I 5] I 2 B0 H 3 7 A i) 5 (adaptive
response) A1 4% )1 [ (passive response)(Sultan, 1996;
Violleet al., 2009). 1MFATHI LI &I, BRI —14
W) [ — T~ PR (B8 Ak 8 ) 0 2 () Iy 2 00 LR ) 4 35
G AFDOT AT 81 (10038 S M A48 i 3

AT KRR, FATRIAEA R ) 0%
ECBIE AL T, AR R EUBE AL S B 3 B I Ah 7 B K %
X 5 A SE58 R AT 73 S A AR P 7 R i) &5
R (Hgcman et al., 2012; Li et al., 2017)—3%, i&A]
V& IR A B B 6 b i kT R Y 52
(Hrdlickovaet al., 2011; Li et al., 2017). 7Ef%IE4r7K
R, E AW R R RS TR R, R
PE TR I3 B Z (RGN AT RE T 0 A R R A
FhFH & % (Breen & Richards, 2008). 1H &, XL
Wi 24 AR T 53 = 8 B ANEAE, $R7R AU L
1] R A 753 [5 Z i) 42 X6 b~ R W R 38 72 A 5
M 2K 23 22 P B W R 3 85 0T 280 18l A 0 A 2880 AN
U

B, ARHEIE R G R R N 5 A B
A HAE X IR ZRZE b1 PR B mm A 0 B, I
RIAS [E PR BB 40 A M AR A
(R S AN [] o AN [ b~ P DR 52 3] %) 2 sl PR ok A [
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ot PR [ 1% S it IR ) 2 0 Y 3 AP i 2 AT
BN o XSG 45 RAR 7R R Bk & )
PEIRFEIA S 2 ik, XL IR NN 7 AE N 52
FLR IR W AT T T BRI B AR S &
REEAR KNSR A E . P, RKFEEL
P 0B (R %7 2 M0 B 451 P I 2SI 6 ok 4 T g A IX e
LR A

Bt Bt BmARIIMeE AR IEFL T
HEh.
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