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Effects of exogenous nitrogen addition on functional traits of two legumi-
nous forage plants

ZHANG Zhong-xin, YUE Qi-qi, QIAN Shen, WU Jing, TAO Ye
( The Province Key Laboratory of the Biodiversity Study and Ecology Conservation in Southwest Anhui, College of Life Sciences, Anging Normal University ,
Anging 246133, China)

Abstract: In this study, two common leguminous forage plants, Medicago sativa and Astragalus sinicus, were used
as materials, and three nitrogen addition treatments, i.e., control (0 kg/hm”) , low nitrogen level (50 kg/hm’>) and high
nitrogen level (100 kg/hm®) , were set up. Moreover, the responses of functional traits including morphology, biomass allo-
cation, water content and photosynthetic pigments of two leguminous forage seedlings to exogenous nitrogen addition, and
the trade-off characteristics among functional traits were comparably analyzed. The results indicated that with the increase of
nitrogen application rate, the morphological traits and root-shoot ratio of water content of M. saiiva, the photosynthetic pig-
ment characteristics, leaf width, plant height and leaf thickness of A. sinicus were significantly changed ( P<0.05) , but the
change trends were different in most cases. The morphological traits of two leguminous forage plants presented a low-promo-
tion and high-inhibition effect, while the chlorophyll b and carotenoid contents decreased obviously after nitrogen input. In
contrast, nitrogen addition showed no significant effect on root-shoot ratio of biomass, water content, chlorophyll a and total

chlorophyll contents of two leguminous forage plants ( P>0. 05). The results of principal component analysis showed that the

YR 5 .2020-02-20 synergism of functional traits reflected by the first two

HETE . 2848 HRBFEIE 40 H (1708085MC77 ., 1808085MCS9) 5 principal components  differed - greatly among the two

YRR [ ARRETISE T AU H (KJ2019A0561) species. Consequently, the growth and photosynthetic pig-
TEE A P E(1971-) ) 2R ROIRE A 14 02, EE S ment characteristics of the two leguminous forage plants ex-
RIS . (E-mail) 1377715131@ gq.com hibited differential responses to exogenous nitrogen addi-

BIFEE P9 8, (E-mail) xishanyeren@ 163.com tion, and also showed different covariant patterns.
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Fig.1 Effects of nitrogen deposition on morphological traits of two leguminous forage plants
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Fig.2 Effects of nitrogen addition on water content and biomass allocation of two leguminous forage plants
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Fig.3 Effects of nitrogen addition on photosynthetic pigment characteristics of two leguminous forage plants
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Table 1 Correlation coefficients of functional traits of Medicago sativa under nitrogen addition

< 0.459

e 0.028  0.794*"

s 0.599*  0.100 -0.248

M TELE 0729 0.463 -0.162  0.564"

i A K 0231 0.130 0329 -0.144  -0.300
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Table 2 Correlation coefficients of functional traits of Astragalus sinicus under nitrogen addition
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s -0.836™ 0.319 0.122
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Table 3 Principal component analysis of functional traits of M. sa-

tiva and A. sinicus

FAH T HERYE
FHAL FWS2 EMST EMS2
e 0.116 0.868 -0.786 0.242
RS -0.137 0.485 0.701 0.484
5 -0.184  -0.057 0.600 0.512
& -0.226 0.709 0.715  -0.336
5 L -0.028 0.902 0.513 0.253
M AR KR 0.519 -0.102 0.088 0.653
T S & 0.644 0.104 0.207 0.892
K EAGE L 0.480 0.225 0.256 0.867
HEYEAGE L -0.369 0.005 -0.024  -0.822
R o & 0.854 0.133 0.269  -0.138
ek E b i 0916  -0.142 0.924  -0.227
KA MREH 0.694 0.367 -0.647 0.353
JSUIR- S g s 0.914 0.025 0.803  -0.228
BES VEX:] -0.475 0.507 -0.893 0.192

3 9 e

B8 3 5 Sy 23 MU AE ) £ 07 TH 3 D X5
R S S 1B o N R = R
it - ST R TR RGBSR A
A, ARWFRELER Bon  AREAL B 5 48 15 1 bk
o S e T 2 4 K5 AR U AR AT 4 R
—F, HIEE a p9 J AR 2 T R 4L 5 ( Ormosia pin-
nata) 5 5 &5 M8 (Acacia mangium ) #5843 19 2
L 3o U T A0 A ) 8 g A 10 SR
11T 55 2 0 1R A 1 Ry 0T RELZE > v R Ak 3 20 > IR S Ak
2H, T RIS HY 158 2 SRR R s T 0T S0 e 07 B A
G BT R (R A, RAEERE R S
Vi 7 I i AL PR > IR B2 > X IR, R B A
Xt B A KA B AR VR L TR et
A ST ERE R R8I e e, ik S R
TR 07 UV I 25 SR — B L RIEE S
R 5 R LU A 58 = e iy i SR B AT = HS m
JeI S R R AR AR SR

FERAR AN [R5 B 08 A L 43 B AR AR 2 AR 40 o1
SRS AR | DL F i B B PR 85 1435 7 e
F AR FRJE SRV ) A K i B Ah R FY) JT
filt, ASWFIEH 58 = 0 B AR S L A % BR 2 > IR
AR PREH > AL FRA Bt AR T A AR L, X
ERTA (Schima superba ) 5 A A 1y W) N7 5048 0 1)
SEREFP) B 1% G Al T T A A ) R
(e S AHAT , B )7 At , B AR AR T
10 N R (T 5o 2 AR ) e B g |
Syl BREH AR 2 3] 1 AR BRI, 2553 B 45 b T AR
REZEY R URICE SR, AR 15 5 R A,
LR B ) 25 7 U I S TR AR A E T
R AR TR L Iy oA AP A 3L > %o BEZH > g (A FRAH
RV S L e F e, JHGrhsy i B I S AR GE LG T
BT XA S B INS F AR LT Ry
ek LA 10 H— S g 4G R W T A it
FUKT R AR T AL A R A=
d FIAE ) 0T P A e T LG 8] 1 9 42,52 38) Rt
P2 AR 0 i s P B A e )
Tk AR IS W R AU A K
AR R

YR R AEENN EESRE G ERS
AT R 55 0) H SR bR, PR R iy 2



K E A SNBSS 2 i SR S AR PR 5 R 1203

fes MRyt & AR & 2 AT Xt
HERINE PR SRR TR, RN 5
YRS D RIGBAMEER , HERER 2 R
SR L ORS T, RADRER SO L RE, 21T
FL A 18 I i 2B AL AL 7 RE Y D E , T4 3% b
HAWBOEREI 8 CRE AR 11, ARS8
TYEREAL G TSR b & B R/NF g xR
>R AU PR SR A AL BHLH 2K 2 B A
F X AIRESE th TR e S b AR, TR A
MHIHA R, MERER a TR T 2 (7 -2
R b AL 2R a/b [EFRMR, A F] T 52 A
FEIH SO (5500) MR, 23R a/b E T
e W AR 3RO T O R 2 5 | BEW] 4K
POCHR S AEARBE T AT S K a/b
(EAR AL FRZE 25 T X R T 58 25 3 g xof R
Rt SR ALEIAE 32 WA it 205 5% 46 B % 3 e 9 A
FHASEE Ry | T 58 25 S U0 585 010 A M T R B
SALETE MR mgebRm g S KRGS H
FWIE PR AR R ER a/b (XA R U
7 BN W A4 22 5 13X AT B 2 b Aol ) 22 52
PESRECY , RIA [5] 4 7o X6 S 8y g 1o AN ] R 95
XA Z IIREVEIRAY 22 5 4, L 2 AT PRI 5 20
Bro BEFTE AR, 5L 6 M5 = S bR DI BEE
ARZ I BA — @A, WRB T — & A PEHFAE
A POt E ORI, RV AR Z
() AR PR I DI ) A A B 2, BT LAY i
PR I (4728 P i 3 R R I3 189 22 A, DI T B 2 BE
IR AL AT R YR AR, 5
FEEAE B SR BERAE (3 B AR R R oK) 5
JEE MR (2R a IHERE b R R B¢
RO Z R BOR A SR R, R TR AE
A I KR DG A 0 2 Rk 2 18] A S A Y
RV, 2 0N 52w il 2 b A 0 1 4 7 R A A
HAUBRIER . 5 B RIE SR (PR R
o R RN TE L) FOE S A BPRIR (2R3 b &
HOEE P RSE B RRXGEMNMN LR a/b
{EL) 22 6]t A7 i 1) DA o 3, v b g L i R
a/bIEMIZRIE b 25 i 5 HAB VAR A S m g
P, YU S AL A 3 3R 3 DO RE PR HA ] I py o
bk SRS Y AR L5 AR Y P A s #
FARC X R S = S AE FU N 2l 1 B 25 45 44 A
A BRRFAE R IS, 0 SE T B BT IR 25 e L3000, TP it 1

ARSI RS R — B, G T s 4
FIH T M5 0L
4 45

I SR 56 7 BT A R L K B AR
EEAUTES SO NS SVIRCRIE S 2
PEIR B £ I 1 AT R0, PRI
SINREHEAR (HINF IR PR3 o B THR R b SR
- B K ) U W B AT A
0 (KM DI REHAR Y2 20 R IT 22 S . R (e,
2 Py B SR R R 0 B3 1t 7
R 5% . BHFEIESE 2 ORI & BHACH X SRR
FLELAT 2 536 S0 DR D2 9, L
il BB

Sk

[1] BOBBINK R, HICKS K, GALLOWAY J, et al. Global assessment
of nitrogen deposition effects on terrestrial plant diversity: A syn-
thesis[ J]. Ecological Applications, 2010, 20( 1) ;30-59.

(2] BWAE WL, ST, 2. RUTRR TR AE I B 52 0 BT 5
JELJ]. hEAR AR, 2017, 33(29) :42-48.

[3] X% SRRl HBEsR o AR E S RGL T 4y PR B (9
fER: IRAADRE R T]. TR X, 2009, 26(3):
306-311.

[4] Wigfe X122 2P, 45, KRRV TR
5T, 2012, 29(6) :972-979.

(51 Bk 4 B8scH, e, 4. AEIULRR 7K AN SRUUL Rk X i MRS 7 2 3
MGREDCEEBMER[T]. P EESLI =R, 2018, 26
(1):106-115.

(6] M M, Ewed, sk Bl,55 BBUR DI ML A K Y
ML) LAl 2244, 2015, 37(10) :50-57.

[7] CLARK C M, TILMAN D. Loss of plant species after chronic low-
level nitrogen deposition to prairie grasslands[ J]. Nature, 2008,
451(7179) :712-715.

[8] ik AR BEIAE. KRR LI Bl A ) 2 R
WRML)]. Fll R, 2007, 24(7) :12-17.

(9]  TRIHEZEFoR, I 0o, 45 DTRE X I B Ak o s R A A )
R ZREPERRE VR L2 [ J]. PHLAE ¥ % 4, 2012, 32
(4):795-801.

[10] B¥EAL WA, B, 4. Bl A= AR A ) ik 43 TC X RS AU
FEMIRLEY Meta Z3-H7[)]. A22527412,2018,38(9) :3183-3194.

(1] R4 B, A, 4. FRRUSHEYE 6 F Y A 2iig
PRV AR B R[], A A AR AR, 2008, 32(3):
611-621.

[12] B3, ER5E, T AR, SRME YRR B A ST
WA AERIL)]. RIS K, 2013, 30(4) :7-12.

[13] Z=HI5. FUIXT SALH 18 A AR Lot & A BHURR I (9 52 1)



1204

AN NI A

2020 4E & 36 % 5 M

[17]

[18]

[19]

[20]

[22]

[J]. L FIZ, 2015(2) :158-164.

XIEE , T3l V. AHY S RE MR TR HE IR ()], RN A
Fl2#, 2015, 45:325-339.

g, XIS sl 88, 45, A MR S LIS S5 Pk A
W IR )] A, 2018, 38(19) : 6787-6796.
LAVOREL S, GRIGULISK, LAMARQUE P, et al. Using plant
functional traits to understand the landscape distribution of multiple
ecosystem services| J |. Journal of Ecology, 2011, 99.135-147.
LIENIN P, KLEYER M. Plant trait responses to the environment
and effects on ecosystem properties[ J]. Basic and Applied Ecolo-
gy, 2012, 13(4) :301-311.

ARk LR ORE, A THOR I E SRR AR
B REEI AR S AR MR XA E SR [T]. A iF
7%, 2019, 39(6) :835-845.

LICHTENTHALER H K, WELLBURN A R. Determinations of to-
tal carotenoids and chlorophylls a and b of leaf extracts in different
solvents[ J] . Biochemical Society Transactions, 1983, 11.591-
592.

CONCHITA A, CARLOS M H. Patterns made of patterns; Varia-
tion and Covariation of leaf nutrient concentration and between
populations of Prunus mahaleb[ J]. New Phytologist, 2001, 150
629-640.

PATTERSON T B, GUY R D, DANG Q L. Whole-plant nitrogen-
and water-relations traits, and their associated trade-offs, in adja-
cent muskeg and upland boreal spruce species [ J]. Oecologia,
1997, 110(2) :160-168.

XU, ZE L T B AR NIRRT I Jr 20X R A A
4 A FEAF LR R AR AR [ T]. A SR, 2019,
39(10) :950-961.

BOBLL, oy, R i, A5 AR AN I B IR AR IR e AR
Krsgma[)]. PEdbfl 244, 2008, 17(4) :274-278.

RGP, it B KL R A SRR AR M [ ] b A 2
2010, 26(15) :243-246.

FUWA,E i, BRSBTS T ARG A S

[28]

[32]

[33]

[37]

etk EWES CONVP YRR R[], A A SE R, 2013, 33
(5) :1569-15717.

JRBEES SRICH, BV, 45, 3 MR AL Y 4 AR K RDG A AR
X EIG M B[ T]. P EVHE, 2011, 31(1) :82-89.
ESECHIE H A, AL-BARHI B, AL-GHEITY S, et al. Root and
shoot growth in salinity-stressed alfalfa in response to nitrogen
source[ J]. Journal of Plant Nutrition, 2007, 25(11) :2559-2569.
HF ML, E AL BSR UV-B SRS SRR ARG
AR R e 5 W AL BTS2 [ ] Aol 2 4, 2018,
49(5) :930-937.

woOAL RN B SE. SISO b X R K
TeA A MRRER KRR [ T] ITH40lL44R 2018 ,34
(6) :1276-1286.

HBIENT, ERAE BRSNS 4 AL BT = S v e A
JCA IR ] LA, 2019,47(19) :75-80.

DE E, DONG D, ZENG X, et al. Direct effect of acid rain on leaf
chlorophyll content of terrestrial plants in China[ J]. Science of the
Total Environment, 2017, 605/606:7-769.

EE. YA M. 3 M. Jbat: WEEE AT,
2012 :100-140.

OB F AR BRERR K O R S X K A
M RE A VR I RISOERR RS2 [ ] o &0lk =4k, 2019,
35(3) :506-513.

EGE X R AGICR 4. AV R T IERIXT R R A K
ROGEERIMsZm [ T] . 4l 2#4, 2019, 50(2) :330-337.
R, BN B TR, SO A A T i A R A
SEOLTHLAFRELT]. ROl IR, 2004, 7(3) 1 75-
78.

KLINGENBER G, PETER C. Morphological integration and devel-
opmental modularity[ J]. Annual Review of Evolution and System-
atics, 2008, 39(1) :115-132.

T IRAR SRR B4 R KR S AR T e
KR T[], A2, 2011, 31(22) :6805-6814.

(T2 45 TR EAK)





