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Abstract: To investigate the effects of exogenous nitrogen addition on the restoration of understory
grassland ecosystems with different restoration years in the Loess Plateau of China, the species
composition, a-diversity indexes, and functional diversity indexes of understory grasslands of Robinia
pseudoacacia Linn. plantation in the Loess Hilly Region with 10, 20, and 40 a of restoration under
different nitrogen addition dosages were compared. The results show that there are relatively large
differences in species composition and life form structure among understory grasslands with different
restoration years. Comparatively, the early restoration stage ( 10 a) has the fewest species, while the mid-
restoration stage (20 a) has the most species; the life form structure becomes increasingly complex with
increasing restoration years. There are also relatively large differences in species composition and life form
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structure among understory grasslands under different nitrogen addition dosages, the species number is the
highest under low nitrogen ( nitrogen addition dosage of 4 g - m™) in the early restoration stage, and
under medium nitrogen ( nitrogen addition dosage of 8 g + m™) in both the mid- and late (40 a)
restoration stages; additionally, nitrogen addition dosage shows a significant (P<0.05) negative
correlation with the importance value of annual and biennial herbs in the mid-restoration stage, and a
significant positive correlation with the importance value of shrub and semi-shrub in the late restoration
stage. Overall, species richness and Shannon-Wiener index are the highest in the mid-restoration stage;
the effects of nitrogen addition dosage on a-diversity indexes vary with restoration years, low nitrogen is
beneficial to the enhancement of species diversity in understory grasslands in early, mid-, and late
restoration stages, while medium nitrogen is beneficial to species diversity in mid- and late restoration
stages. The responses of functional diversity of all tested understory grasslands to nitrogen addition dosage
are extremely significant (P<0.01), but the responses of functional diversity of understory grasslands
with different restoration years to nitrogen addition dosage are not significant. The comprehensive analysis
suggests that in the mid-restoration stage and medium nitrogen levels, the species diversity is the highest
in understory grasslands of R. pseudoacacia plantation in the Loess Hilly Region, and the functional
diversity is the best.

Key words: Loess Hilly Region; nitrogen addition dosage; understory grassland; species composition
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Table 1 Species composition of understory grasslands with different restoration years under different nitrogen addition dosages!

RAIBME/ (g m?)

ASTRIPR A2 A7 BRAK T 55 3 Y 4 ol 28 1 Species composition of understory grasslands with different restoration years

Nitrogen
addition dosage 10 a 20 a 40 a
0 Vd(66.7%) ,Recl (66.7%) , Vd(33.3%),Ph(100.0%) ,Sc(100.0%), Ph(33.3%),Ci(66.7%) ,Ss(33.3%) ,Ms2
Ad(100.0%) ,Ca(33.3%) Ci(100.0%),1s (100.0%) , Sb (33.3%), (100.0%) ,Rc2(66.7%) ,Rp(33.3%) ,Pr
Aal (100.0%) ,Sj(66.7%) ,Ca(33.3%),  (33.3%),Cp(33.3%)
Es(33.3%) ,Ac2(33.3%)
4 Vd(100.0%) ,Rel(100.0%) , Vd(66.7%) ,Ph(100.0%) ,Sc(100.0%) ,Is Ci(33.3%) ,Ss(100.0% ) ,Ms2(100.0% ) ,

Re2(66.7%) ,Ad(100.0%) ,
Ca(33.3%) ,Es(33.3%) ,0g
(33.3%) ,Pd(33.3%)

8 Vd(33.3%) ,Ss(100.0%) ,
Rel(33.3%) ,Re2(66.7%)

12 Vd(100.0% ) ,Re1(100.0%) ,
Re2(66.7%) ,Ac1(33.3%)

(100.0%) , Sb (66.7%) , Aal (66.7%) , Sj
(33.3%) ,Ag(100.0%) ,Ld1(33.3%) , Aa2
(33.3%) ,As(33.3%)

Vd(66.7%) ,Ph(100.0%) , Sc( 100.0%) ,
Ci(100.0%) ,1s (33.3%) , Sh ( 100.0%) ,
Aal(66.7%) , Ag(66.7%) ,Ldl (33.3%) ,
Ac2(33.3%) ,Cp(33.3%) , Aa2(33.3%) ,
Cs(33.3%) ,Ms1(33.3%)

Vd(33.3%) ,Ph(100.0%) , Sc( 100.0%) ,
Ci(100.0%) ,1s(33.3%) ,Sbh(33.3%) , Ch
(33.3%),5i(33.3%) ,Ps(66.7%)

Rp(66.7%) ,Pr(100.0%) ,Ch(33.3%) ,
Aa3(66.7%) ,Ad(33.3%)

Ph(66.7% ) ,Sc(33.3%) ,Ss(66.7%) , s
(33.3%) ,Ms2(100.0%) ,Rp(33.3%) , Pr
(100.0%) ,Aa3(33.3%) ,Ap(33.3%) ,Ra
(66.7%) ,Ld2(66.7%)

Ss(100.0% ) ,Ms2(100.0%) ,Rp(33.3%) ,
Ad(33.3%) ,Ch(66.7%) ,Ap(33.3%) ,Cb
(66.7%) ,Vp(33.3%)

D Vd. M43 Viola dissecta Ledeb.; Rel: 11%F Rubus corchorifolius Linn. f.; Ad: LLUES Aristolochia debilis Siebold et Zucc. ; Ca; W L3 Cirsium
arvense var. integrifolium Wimm. et Grab.; Rc2: #§ ¥ Rubia cordifolia Linn.; Es: $4* LT Erodium stephanianum Willd.; Og: HKZEFE Oxybasis
glauca (Linn.) S. Fuentes, Uotila et Borsch; Pd: 5548 B85S Pseudocayratia dichromocarpa (H. Lév.) J. Wen et Z. D. Chen; Ss: H 1t Solanum
septemlobum Bunge; Acl: K| T4 Asparagus cochinchinensis (Lour.) Merr.; Ph: M 8# Patrinia heterophylla Bunge; Sc: %13 Stipa capillata
Linn.; Ci; #7%4 Chrysanthemum indicum Linn.; Is; 85 Incarvillea sinensis Lam.; Sb: 1 F 3 Swertia bimaculata (Siebold et Zucc.) Hook. f. et
Thomson ex C. B. Clarke; Aal Fu] IR ZR AL AL Aster altaicus Willd. ; Sj. X E24 Saussurea Jjaponica (Thunb.) DC.; Ac2: Vi 5 Artemisia capillaris
Thunb.; Ag: HIEE Artemisia gmelinii Weber ex Stechm. ; Ld1: ¥35l1#5 2 Lipschitzia divaricata (Turcz.) Zaika, Sukhor. et N. Kilian; Aa2: B
Argentina anserina (Linn.) Rydb.; As: 3T Artemisia scoparia Waldst. et Kit.; Cp: WPIREE R Carex pediformis C. A. Mey.; Cs: JRZHRAE HZ
Crepidiastrum sonchifolium ( Bunge) Pak et Kawano; Msl: E 45 Medicago sativa Linn.; Ch: 3 PHS T 5 Cleistogenes hackelii ( Honda) Honda; Ps:
i Ji FL3OR Poa sphondylodes Trin.; Ms2; B Melica scabrosa Trin.; Rp: 2%F Rubus parvifolius Linn.; Pr; W E Z W% Potentilla reptans Linn. ;
Aa3: & Artemisia argyi H. Lév. et Vaniot; Ad: 2240 % Ampelopsis delavayana var. glabra ( Diels et Gilg) C. L. Li; Ap: Jt 2 % Agrimonia pilosa
Ledeb. ; Ra: 4815 Rubia alata Wall.; Ld2: X% EAK T Lespedeza davurica (Laxm.) Schindl.; Cb: i T % Corydalis bungeana Turcz.; Vp: F.IF
H2¥ Viola prionantha Bunge. $55 " H 3 ECA YRR The percentages in the parentheses are species frequency.



Fo

Dr et A BRANSMERN B Fe b DO RIS AT BRAKT B b 22 R 5 85

MR L R e 2, TP 10 a AR B HLAY
YrFp gl b

SFAS RV B G I FR AL 10 .20 1 40 a Ak F B
HOAS ) AR T A A ) SR IR T R SR (R 2) B
VKIS 10 a PR R DIVE AR R E R L 247 4%
KHFE HA o RUR S AT HE AR R )
B 2 3 T 22 A AR 22 e} BN U T A Al
RN EEEANA RN T ZAFEAELETE, £0~8
g - mURIBNINE N, BEE B IER I, K E 10 a bk
T T AR E R B T LRI R K T £ A A
FR B E A HA RN, K 20 a KT EHL L
AR R T EARTIAEE R B AR AT

x2

e, ZAP AR R B E A P AT e, Z24EE
RE Y EEEAE A T s, A AR AR
FEEHAEXT IR e, PR 40 a AR 5 DLV AN
AR ZARA TR Z AT AR R FR 3 MEACRIE
TEARR)EEEAE DA T e, 20 2228 R 2
FEAR AR B, AR A R B A F B (R A X BN e

Xof AN )R 2 AT BR AR T 0 3 m 4% A= 36 AR By 10 7
FLH S RAS N VEA TR SR AT, 45 R (K 2) R
PRAZ 20 a BRCT B —4F AR R AR AR R A EEEAE
SRBMBFERE (P<0.05) M XX R, KL
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Table 2 Importance values of plants of four life forms in understory grasslands with different restoration years under different nitrogen addition

dosages and their correlation coefficients with nitrogen addition dosages'’

AR, KL 10 a T EMARRIA GBI EZAE % KA 20 a MRT S ARRATR SR EAE % WAL 40 a AR EEHBR IR A 6 BR324 %
(g-m2) Importance value of plants of different life forms in ~ Importance value of plants of different life forms in ~ ITmportance value of plants of different life forms in
]flilmgen understory grassland with 10 a of restoration understory grassland with 20 a of restoration understory grassland with 40 a of restoration
addition dosage ABH PG PH Ss ABH PG PH Ss ABH PG PH SS
0 0.00 0.00 73.58 26.41 24.81 19.87 53.35 1.96 0.00 47.85 30.90 21.25
4 3.73 0.00 63.46 32.80 16.01 19.98 50.20 13.81 0.00 25.64 53.35 21.01
8 0.00 0.00 36.98 63.02 7.99 22.83 57.02 12.17 2.46 30.98 35.19 31.37
12 0.00 0.00 44.44 55.56 9.42 38.02 52.56 0.00 14.05 36.33 20.73 28.89
r — — -0.160 0.634 -0.707 = -0.584 0.168 0.181 — -0.207 -0.181 0.682 *

D ABH. —4EA: fll “AEAE B4 Annual and biennial herbs; PG; Z4E4: R Perennial grass; PH: ZAE A RS B Perennial herb; SS. AR AR
Shrub and semi-shrub. r: S I 504 T ZE A A9 AH5E 24X Correlation coefficient between nitrogen addition dosage and plant importance value.

—: JCHTE Unable to caleulate; * ; P<0.05.
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SR (3R 3) Bon AR 10 a ARF FHLH
YR+ & AR B A (AR N 4 g - m™) T
w TE A (ABINE N 8 g - m™) FRAK, HAEMRA
A A 22 5 5.3 (P<0.05) s 7ER 5 20 a AR T 5 b
o R R BT T AT B, HLAE A A N
) 22 AN L8 FEVK A 40 a AR FE M b Wb 42 5
FEEAEAR AN R & A R H e, H 2 s T 0 IR (R
BN 0 g - m™) FEA(ABME R 12 g - m™),
SRR, Uit 42w B RS BRI 20 a KT FLHh
i, HEVREE 10 a MR B iR AR (R [R5 4 R
[EJARR S i Wi - e R R 2 AN W

G453 (3 3) BN : Shannon—Wiener 8280 5%
i BB A H AR B, KA 10 a ARF FEHE Y
Shannon—Wiener ¥8 8K A T ey , HLAE 4 ADNE BN
HEZE S AR E,KE 20 a AT H LAY Shannon -
Wiener 8 8EHH A T S, HLAE 4 DRGS0 ] 22 57

KE%,‘V}E’E 40 a MK T B HEAY Shannon—Wiener 35 %%
WA F e, H & & TR A AL e h A
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FEPKIZ 20 a ARKF G B 7, FEPR A 40 a ARCT B0
T, HARE 20 Al 40 a AT 5L Shannon -
Wiener $8 5002 5 TR 10 a AR

GEitas R (3R 3) s AR 10 A1 20 a AR H 5L
Horb 4 ASE IR B A9 Simpson ZAEMEFE R 22 BAS
WETEWE 40 a AR R P RAM P ATH
Simpson Z2 FE P F8 I 2 i T R (HIX 3 AN EE
KA BB Y Simpson 22 FE 1 F5 05 =5 AL AT 1)
RN EE . KE 20 F140 a HF B i Simpson
ZREMEFR B T 10 a AT B, H 76X} B AN
HhRN 22 5 W2 . PR B Y 450 BE R BUTE 3 MK
A2 AR RN [ 07 i it [R] 19 2 S 340 1 3%
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LAY D) RE 22 RPN AN I (4 e A 2 (A AR
T B ) e 22 A PR U 0 1% o 8 ) A )
(P<0.01) , &I 10 a AR FEHUW DIREZ FEETE A
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RN R AT DI RE 2 2 AR

M, Simpson PLFEETEA [F) AU AS N W] 1235 25 5
X BT AR PR i 1 B 235 2R 3 7o v 2R (/U I
F12 g+ m™) FHY Simpson HL 3 2 5 T 1R (A&
BIMEH0 g - m™) FIh &, 7EWE 10 a AT R
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Table 3 a-diversity indexes of understory grasslands with different restoration years under different nitrogen addition dosages ( X+SD)!)

N IRV S A KRR T ) ) e =R T L R ANTFPRIZ AR BRAR T B ) Shannon—Wiener $6 %X

Species richness index of understory grasslands with Shannon-Wiener index of understory grasslands with

AR/ (g - m™2)
Nitrogen
addition dosage

different restoration years different restoration years

10 a 20 a 40 a 10 a 20 a 40 a
0 2.67+0.38Bab 7.33+0.51Aa 4.67+0.51ABb 0.80+0.15Ba 1.83+0.09Aa 1.41+0.10ABc
5.00£0.67Aa 7.33+£0.84Aa 7.67£0.19Aa 1.45£0.13Aa 1.80£0.13Aa 1.87£0.01Aa
2.33+0.19Bb 8.33+0.77Aa 7.67£0.38Aa 0.58+0.15Ba 1.85+£0.07Aa 1.83+0.02Aab
12 3.00+0.33Aab 5.67+0.51Aa 5.00+0.58Ab 0.65+0.18Ba 1.60+0.07Aa 1.45+0.10Abc

ANTRIPR S AT BRAR T Bl 1) 329 50 B4 £
Evenness index of understory grasslands with
different restoration years

ARV AT FRAK T R HB Y Simpson Z2FEEFE
Simpson’s diversity index of understory grasslands with
different restoration years

ABNE/ (g - m™?)
Nitrogen
addition dosage

10 a 20 a 40 a 10 a 20 a 40 a
0 0.47+0.07Ba 0.83+0.10Aa 0.73+0.02Ab 0.84+0.04Aa 0.92+0.01Aa 0.92+0.01Aa
0.74+0.04Aa 0.82+0.02Aa 0.84+0.00Aa 0.93+0.01Aa 0.92+0.02Aa 0.91+0.01Aa
0.35+0.09Ba 0.83+0.01Aa 0.83+0.00Aa 0.65+0.11Aa 0.89+0.02Aa 0.91+£0.01Aa
12 0.39+0.11Aa 0.78+0.02Aa 0.75+0.02Aab 0.53+0.14Aa 0.95+0.10Aa 0.92+0.02Aa

D [l AN [R) KRS R R AEAS R R 2 AR BR 6] 22 5+ 8.3 ( P<0.05 ) Different uppercases in the same row indicate the significant differences ( P<
0.05) between different restoration years; [f]51H BAS[R] /NG 2 HF 38 7R 76 AN [A] 20 Il i (8] 22 5 .3 (P <0.05) Different lowercases in the same

column indicate the significant differences ( P<0.05) between different nitrogen addition dosages.

A . 0 0 0 0
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Rao Wl 2 FEE Rao WL R Rao “YIHZFEE Rao WL R
Rao’s quadratic diversity Rao’s quadratic diversity Rao’s quadratic diversity Rao’s quadratic diversity
P>0.05 P>0.05 P>0.05 P<0.01

®. AWNENO0 g m~? Nitrogen addition dosage of 0 g - Infz; m. R NEA 4 g m~2 Nitrogen addition dosage of 4 g - m’z; A ABMERN
8 g - m™? Nitrogen addition dosage of 8 g - m™; &. M H 12 g - m™? Nitrogen addition dosage of 12 g - m™2.

A: KE 10 a PR T HHE Understory grassland after 10 a of restoration; B P& 20 a #K T FiHb Understory grassland after 20 a of restoration; C: K& 40 a
M B HL Understory grassland after 40 a of restoration; D: FTA M T Bl All understory grasslands.

Bl1 AREREFRATEM IR & B R R mE A =T E

Fig. 1 Ternary plot of functional diversity of understory grasslands with different restoration years in response to nitrogen addition dosage
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F4 FRGFME TG E R TEMAINEE SHEM (X=5D) )
Table 4 Functional diversity of understory grasslands with
different restoration years under different nitrogen addition dosages
(X£SD)V

R Sie ASTRIPR A2 A PR B3 Y Simpson 5 #4 &
CRIIE
(g-m7?) Simpson’s dominance of understory grasslands with
E- different restoration years
1trogen )
addition dosage 10 a 20 a 40 a iy All
0 0.46+£0.05a 0.32+0.10a 0.30+0.06a 0.35+0.05b
0.32+0.12a 0.45+0.11a 0.34+0.09a 0.43+0.06ab
8 0.57+£0.08a 0.27+0.06a 0.24+0.02a 0.30+0.04b
12 0.43+0.04a 0.43:x0.0la 0.34+0.04a 0.45+0.0la
JON RS R R TR
(g-m?) Functional redundancy of understory grasslands with
Ni different restoration years
1trogen
addition dosage 10 a 20 a 40 a ifs All
0 0.32+0.03a  0.25+0.04b 0.31+0.06b 0.32+0.03b
0.34+0.06a 0.27+0.05ab 0.39+0.10ab 0.33+0.04a
8 0.21+0.08a 0.30+0.05ab 0.41+0.04a 0.47+0.03a
12 0.17+£0.01a 0.39+0.0l1a 0.34+0.08ab 0.27+0.04b
AR NI S AE R T FEH A Rao — IR 2 R 1E
E=R IR v . .
(g+m?2) Rao’s quadratic diversity of understory grasslands with
§. different restoration years
1trogen
addition dosage 10 a 20 a 40 a Bidg All
0 0.22+0.03b 0.43+0.06a 0.40+0.00a 0.33+0.03a
0.34+0.06ab 0.28+0.06a 0.27+0.01b 0.23+0.03b
8 0.22+0.06b 0.43+0.03a 0.35+0.05b 0.23+0.02b
12 0.40+0.04a 0.18+0.02b 0.32+0.05b 0.31+0.05ab

D [ 5 8 AN [ /N B S B 3 7R E S T) TR 0 ) 22 5 3 (P<
0.05) Different lowercases in the same column indicate the significant
differences (P<0.05) between different nitrogen addition dosages.
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