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Abstract

In this study, natural grassland communities in loess hilly areas were taken as the research object,
and field-positioned fertilization experiments were conducted to investigate the response of grass-
land community biomass and the stoichiometric characteristics of leaves and roots to the addition
of nitrogen and phosphorus under gradients of different micro-landforms (slope position, slope
orientation). The difference is expected to provide reference for vegetation restoration and con-
struction work in the Loess Hilly Region. The results showed that: 1) The aboveground biomass of
grassland community showed an increasing trend after two Kinds of fertilization treatments. The
response degree of aboveground biomass to fertilization treatment was that N + P was added high-
er than N, part of the micro-terrain of underground biomass decreased in after fertilization treat-
ment, no significant difference in the total biomass of grassland communities in the two fertiliza-
tion treatments, and fertilization treatments on root vertical distribution pattern had no significant
impact. 2) The N content in the leaves of the community increased after two Kinds of fertilization.
The content of P in the leaves increased on the sunny slope before fertilization, but the trend of the
change on the shade was more complicated. The ratio of N/P concentration in leaves was greater
than 16 after both treatments, indicating that the P limit of the grassland ecosystem in this area was
more significant than that of N restriction. 3) After two fertilization treatments, the content of C in
roots did not change much, and the contents of N and P in roots all showed different increasing
trends. The change of P content in roots was significantly different (P < 0.05). In addition, the root
C/N, the ratios of C/P and N/P were all decreased, and the C/P and N/P ratios of the roots were sig-
nificantly lower in the whole section and in the decline of the shade (P < 0.05).
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FHAUR TR X RREMBEE AT RN R, BRI EF e it ell, WANFRMHEORAL. 5
)R TR AR L RACATT RS RBER MR ER, DHPAR L ERXKAERIK
R TERMUMESE. SRR 1) EMHEENMABIELEE EAEYE I mES, sy
B AR AL B (g i LR BERTUAN + PHOINR TNAS N R 0 Rt st FA BAE i ARAL 25 3L T M
¥, EMBRELAVEENMEELAEELEEER, TARELENRREESHKRHBRETLER
EHW. 2) BEHANSEEWMBILESHEEMm, A PER7EMHSBAL AT A Frign, E7ER
PRAEH MBAR . WARAELCEEH AN/PRERE AT 16, RUHILE ZXREMATR
SZPRHEBNIRFIEINAE. 3) WMHEAELEE, RACEEZUAK, RAN, PEEREHEIA
R MmES, HPRAPEETNERBEZER(P<0.05); B, HERC/N. C/PRIN/PHINA FTFEK,
RAC/PRIN/PLL S HIFE AW A A T M A SR E 257 (P < 0.05).
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SR CARAE], AR RGNS RGN E ARy, RN G 2Bk 5224
JITHEF H 358 2] [3]. FRE MBI, 07 2, SREHEAL 4 x 10° hm® [4], Hrpid
e S X R TR AT % 0.6 x 10° hm? [5]. FHb AR BN A L AN T REM e b (R I, RS I WAL A
AR D FRIABE AT AR AL, [ ISt A R At SRR ) B R AR[6] [7]. B LA TR 2 BT AT
AR REAE ] 2 MoCER R 2E BT [9], HAL AT R R AR AT LR R R B 545 Th
AE LA R e 3 L4 IROL K AR AR [10], JBiE FEA R R R AR A 77 73 BRAGIAR B0 B ol B sk 4R A3k 1 A7 0 T
H

>Xo

P R R R R A SUEA[11], HbkR, VB IR, KRR EEEE KRR
K[12], KRIGIN 138 4 R XA R B 5 Bl TARRIMERL . TREAE VRN R R | S v 28 T
FEI 2 —, ITERA TGRS R A A R ST A St AL 38 [13] [14] [15] [16]. AT E7- 0 TR
Tt UL AT CARE I R e v st b AR, (EDG REVE N AR s 45 SR M AN gE—[17] [18] [19] [20]: Tt
AN B3t R v 3t AR B A R B AR TR B RCR (B A T DA S 25 b g e vis s N 2B
[21]. 534k, FEWIM AR AR BRGS0 R & 8 S AL A v B o s = AL A R B e . A
PSRV S iE O B 7R 0 ds st K 2 LRI 3, A SR 3 VS N B ORISR 5 A DN A A 26 16
Bb, KT ROBTEHE L BBRAS I VA 47 J) B A2 T B R R Rk FE 0 SE b . R, A
W LABE - b XROIE (BH 3 b Ay TR3R, 38T, A B Ay TR BEEE T BB B SRS
R WA T S A v W A S v BRI AN Rt S A B e 22 5, DASI O X3 i VK
REBRBRESHBNEE

2. M5 A%
2.1. AREXER

W FTIX AL Bl 22 28 5L i B (BB 22 Be /K - Rt 78 Pt 22 2 25 51X 96 3 Py 32 (108.51°~109. 26°E,
36. 30°~37.19°W), JE T EIRAT, RBBNIRIEN T BA%, FFHRE 8.8C, HF i KE
531.4 mm, 4 HBERECH 2395.6 h, HEEE 30k 54%, AFLHEMN 144 do FE LA L,
BA g m e . LR AU T P R 2 SRR N, 2 G iE MUK LR . BT IX (R 1) EAAERE
Y5 5 (Bothriochloa ischaemum). 7% (Stipa bungeana). H4ER& 1% (Cleistogenes Chinensis). M
A= B8 F B (Cleistogenes caespitosa). 1% 2 B 7 (Lespedeza davurica). FEAMEIR #57& (Astragalus melilo-
toides). AT & (Artemisia sacrorum). 2% & (Artemisia giraldii). B /R 280 & 1€ (Heteropappus altaicus). %
I Z[% 3% (Potentilla tanacetiflolia). %4754 3% (Potentilla bifurca)Zs .

22. MRA*E

2.2.1. #EHbAIGFNALIE

TEWRFLIX RSB AL W T, 43 BITEAS R A (R 3B Jh s Bl s e 000 A v (B 33
FUBH ) e BCS) JFRE AT FE AT V(72 1), BNWim 3Lt 7 MFEHE, R FRF GPS SERUEIR . BE . B
AR R A . AR E 34 1mx 3m KM ER BT, RIEEEANNXRIZE 3 A 1 mx
1 m/NRETT, HrRHEA A EhRid, FERENUMS W N AR 1) CK ALEE: TCHEAEZSI: N ALFE.
RIE 434 g JREK, SEFE 46%, 4i%E 20g); N+PAFE: MEINEIE 434 g JRE, S5FK 46%, 4%
& 200) + BEAL 21.7 g L BEERES, SRR 46%, 2l 10 g). JERH PSR 73 BT AL, 2
VRIS E) Ay 2014 4F 8 H, A5 YRR ]y 2015 4F 4 o A3 it AR R A 1 AT R, e AT
TAR R EHRIE P R BN I REAT, R SRR ] 2015 4 8 A .
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Figure 1. Sample arrangement diagram of study area
Bl ARE#ESHEE
Table 1. General information of sites
1 HEMEARER
0| ek K e #HE BEVE R AT HEvE A
Aspect Position Altitude (m) Grade (%) Coverage (%) Dominant species Companion species
IR Lower 1187 33 60 SEH SES
PR3 b Middle 1228 26 75 IR H¥EE + ZiE
Sunny I+ Upper 1286 28 65 5 2R A RRT 2
LI5S Top 1308 0 70 SES KPR + MK
e 1 #8 Upper 1290 13 70 BRATE BRAFE + 55 Bk T
B3 B Middle 1274 17 65 R AT + Kk
Shady 3R &E Lower 1164 15 85 Kt MERRTE + Kok

PR v BLR b TR CPERYE) AR SR AT R A E .

222 #b b, WTEYENE

T 2015 4E 8 H X 7T X P FE 7 HEATREE A AR R AR AE ) B 0 R AR TR Hh AR R SR AR BRI
PF, FENRARE T R T HA) N ZE RSB T R NS B [al seie & T 75 CHt B E HE G FRE .
R AR BRI ES H R AR, AR 9.0 om R EEFERE L N BEALIEEL 5 AN S TEURE, BMES 2
7715 %5k w2225 AW 9T 4% 0~20. 20~50. 50~80. 80~100 cm 7+ Z4HHN, #RJ5 & T 0.1 mm M, H
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KEEKRE MG, TG T 75 CHEEEFRE. T AEYE(Qm?) = PR ER 2T E(Q)/[n x
(0.09(m)/2)%)] [23].

2.2.3. YR FMRALFETTEFHENE

XTI N EARETT, I DIFREERETT W IT A HAR TR R . SE B R NS, i (B SR S At
+, BT 100 H 5235 HEAT TR 8T . IE N KRR IR B EH S, R E AR AN
MrEA NIRRT E, FPLRE BIEIE M AU & A EL ikl E M 42 P& . REARIREE Cy N,
PIEIHERMF o BAAMZE LS (LR [24].

2.2.4. BiEATE

ARG HAEPI AT BRI R S T REE K Bt Hrb A NG P SRR
FEIE P A At | 7250 & B IR 3ME, AR 1R A &AM Y& [25]. MR R 2R
fERA 4 A2 MEARTIEIAT RS EEER T, X & BT ES R, mies
B IR KB 7 2757 (One way ANOVA)AT LSD % 5 Eb 45 (35 /K FE L o = 0.05)
PRI ] AL AR A N B VA e i R AR R IR R CL Ny P SR ZE T BRI 22 Rk AT LR
38T, e JE KA Origin9.0 fEK .

3. ZER55Hh
3.1. EEHbEEVE M b3t T A R R S AR m e R 4 AE

Wi 2 fiow, 8 R IX O N b ek AR B AR LU Y 119.5~236.4 gm™?, P
158.4 g-m 2, A8 5 Z KN 26.0%; F i BUIE AL FE i _E AW AR AL BN 156.5~278.3 g-m 2, -1 {# 196.8
gm?, AE5 RHCH 20.8%:; [ N EUIE+REAE S S REVE A= ) R ARG Ll 193.4~284.0 gm 2, THA(H
228.0gm?, R RKCN 13.7%. HSARMEACHLL, 7 AN A& AE T SRR (50 IR A ZUBE R 2 R
AhFRE, M EAEYEIU RN,  HERERE G AL FR S ROV AL R L B N AL S IRV AR
EIEINE L o [, 5 22 0 MR WY B b AR B SR B AR AT AT S B R B2 (P < 0.05). ANIH]
T T BT I R A A B AR Ak T N 581.1~1042.4 g-m %, PHME 731.8 gm?, AR RHON 22.4%;
UM IR AL ER 5 M R AE M AR LT FEN 527.0~721.4 g-m %, PI{H 642.6 gm %, AR RHCN 10.0%; A
AR TN AL B B B4 Mt T AR B ARG FE Ay 548.8~966.4 g-m 2, P91 669.4 gm™?, AR RHCH
21.4%. AU, AR TR SR A T SRV 1R AR 0] e T AL P I b b A R AN [ e S AR
Wk 933 b RIS 3 3 w5 1 it I Ak B 5 B b S AR R I B RS, F R DR o S T E it
JIE A R 4t A ) BT B A A o P it I A B/ b AR T B R R AR AN IR b TR (B A7 A 22
LT ZE AT R, R BRI AR B3RS T AR e AT i e A3 T AR Rk B R 2 % 2 7 (P < 0.05).
Table 2. Grassland community aboveground biomass, belowground biomass and total biomass comparison before and after

fertilizing

5= 2. ERRRTEE AR 4498 (AGB). A 42 (BGB) 2 EWEXttL

Hhra] i piscd AR Mo AR MR
Aspect Position Treatment BGB (g/m?) AGB (g/m?) Total biomass (g/m?)
NS Lower CK 581.1 + 5.60a 146.4 £12.9a 727.8 +22.9a
R Lower N 590.7 £ 37.0a 195.3+2.3a 786.0 + 36.6a
R Lower NP 548.8 £ 16.0a 237.0+25.1a 785.8 £ 40.9a
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Continued
BRI YR Middle CK 822.4 +12.6a 158.86 + 7.47a 981.28 + 28.3%a
Sunny b Middle N 669.8 + 14.8b 186.3 + 28.8a 856.1 + 58.4a
W8 Middle NP 648.4 = 3.4b 226.0 + 21.6a 874.3+32.0a
¢ L35 Upper CK 778.6 + 10.4a 135.1+12.3b 913.6 + 28.3a
I E 35 Upper N 677.0 + 14.5b 165.3 + 2.5a 842.3+42.4a
W b3 Upper NP 600.2 +5.2¢ 202.6 + 6.4a 802.8+17.7a
T Top CK 593.7 +5.1a 119.5 + 18.6a 713.1+41.5a
LT Top N 527.0+ 10.3a 156.5 + 6.2a 683.5+ 32.6a
LT Top NP 551.9 + 13.4a 193.4 + 29.6a 745.3 +49.0a
W E3#5 Upper CK 653.0 + 5.5a 125.9 + 8.0b 778.9 £ 22.9a
3 3 Upper N 656.3 + 1.5a 179.8 + 30.2a 836.0 £ 45.3a
B 35 Upper NP 667.9 + 14.2a 206.3 £ 2.5a 874.3 +18.2a
ik Wb #F Middle CK 651.5 +5.7a 186.9 +17.9a 838.3+41.9a
Shady I Middle N 655.7 + 29.4a 2159+ 17.2a 871.6 +34.5a
I Middle NP 702.0 +6.9a 246.6 +12.9a 948.6 + 28.3a
I TR Lower CK 1042.4 +6.9a 236.4 +10.2a 1278.7 £51.9a
R E Lower N 721.4 £ 12.6b 278.3+13.7a 999.7 + 33.6b
IR Lower NP 966.4 + 2.8a 284.0 £ 25.9a 1250.4 + 40.7a

PR SIHE AN R TR ROR 22 7 L 5% E KT

3.2. BB T YR 5 Mo X S BHR N AV e L

TEPE L R AIX, AR 2K IREIER S, AIRBCEZ /KR R 2 Hr kiR, 3
L ATAE 0~50 cm L E A o MR RV R0 A RFE(E] 2)rT UG H, b ARV IR I H e - R R
B> AR . EARTFIUH, 7 AN S N R T R YR 0~50 em b R AR
15 B R A8 60.8%, 62.3%, 68.0%, 67.8%, 62.6%, 65.9%F1161.8%. EALHHG, BRFHyL EHAN
W Ti/INIE R4, HARTE T 0~50 ecm AW EIA BT B, (HIRIAR R KF(P > 0.05). ABEE
IRINALHL 5 B EEVE 0~50 om 3t N AW EAES THAL . BRI -5 A B R 3 B N B, L ARIR DN /MG
ETF, (B RIS EEKT(P > 0.05). #4k, 50~80 cm A1 80~100 cm - EHR R0 Aifi /b, Mo it S it i
R ABAS KR . SRS, PR AL BN T 3 A+ R O IR T SRR AR 2R 1R B A ks S OF
A PR R

3.3. EMETEM A N P LT BRHERT SRR In B Mo Rz F4E

T R X O N SRS A A NLP A B i NIP LT 218 %3 %1 24.8,1.61 mg-g ' A1 16.8 (/4]
3). WRIGFH, H—HiBUEEEHBEEIERYIH T N P S8 & NP HFIME 2358 29.0, 1.50 mg-g 1
19.2, FHEARASTRINATE S, RAEEH A N P A& K& NP EF{E 2 58 31.3, 1.95 mg-g ' #1 16.3.
BEVEM A N & eI Z A R AR N5 YA B ke s, HEBERE & A B 5 A N & = bk
JEEAEI AT N R . BHh, FEMERER, MIERGEH A N &8RRI RE %R,
oAt LRI 26 0F T AR AT S P N 2 AR A 38 R0k 3 8 2 22 (P < 0.05) . WiFh it AL FE f5 1 Fr P &5
HE PR AR AT A BTN, (HERASERE S R P SR AL N R . RS, NP
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PLise A it AE AL TR N T 14.2%, TR RMAATEE, N/P BRI T % T 3.44%.
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Figure 2. Distribution of underground biomass in various micro-topography under different
fertilization treatment
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Figure 3. Leaf stoichiometric characteristics before and after fertilizing (Mean + SE). Different letters represent significant
differences between different fertilization treatments under the same micro-topography (P < 0.05)
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3.4. EHbRETEMR RSB FHER SRR A9 0 Rz HFAE

FUAT, 26T o o DX R IR 20 R0 X A [ Bt A Ak 22 Fy o JS2 g T 452> o

ARIER BTN, AFRS

T EHBER AL B G, IRARFRD &R E TR IR L R T 8. Wi 4 o, AR CHE

500 -

&
(=
T

RARCEE( mg-g'l)

00 | | | | | | | | | | | | R
FA-"F B BA-_E 308 B B B-F
e a-B447 (Aspect—position)

e o =
® o o

Root phosphorus content
o
»

WAPEE( mgeg )
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Figure 4. Root stoichiometric characteristics before and after fertilizing (Mean + SE). Different letters represent significant
differences between different fertilization treatments under the same micro-topography (P < 0.05)
4. HRERIERALFHEFHEERILE(THE + #7ER). FRFERREHERRMAZE TAERELEZ

BlEHFEE(P <0.05)
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HEEMEALHT S TR KA . ARER N S B P55 5o 19 ot A it ) e 2 P A 34y 52 TS [] () 386 A
B, AR N SRR SRS ZE R A RE, RIMRA P & EAENMIEELHS
AR it A Bl 235 381 3% 22 (P < 0.05). il ZUIE AL B i i T AR 2R P 240 & T N EAE RTAR &R P 50110 2.30
5, BEBERAE ISR RV P S ONMARATH 2.80 A4 . HRAR CIN LLE AR 545 Fr A
ERERIRE A K. RAR CIP LAEMIAL 5 B W PR, HJ5 20 Wr R WIBR S 3 ah, Hofh & TR R
CIP LLYEIERT 5 2 7 (P < 0.05). WifitiiEAbE 5 R N/P LLTEBHYE PR RIARIEEZ R, H
TERIHE T 34388 3 535 72 (P < 0.05) TN EUIE G Wi & N/P TI{H A 17.6, ABEFAE AL 3
JEHR &R NIP FHIME A 16.9, HATEAR(37.3) B E KR L .

4. i
4.1, R E TRBRMNE S EE MENT

AP EAE N Z P IRETR T LA E S R, Hah AR E R 5KME 7. L8RS N
BRI, SRR M3 A A ALE A 35 -+ R X E B R R 7, 5235 B IR (1) 25 R ZH R
RO TR, A PR B S AR A BH IR R B B 3 T B AR Ak S S AR — 5
THEAE TN RN, I T B ROR, AR R W T Ot R AR 2L VT RIS R
VEHE b R AR R TE S TIAL SN, AR R R T I TR AL R R T R B, N2 2 NN B TR
MNITHIZ) T AR I KR B [26]0 AL 5 2 5o 35857 73 RK 23 B8 i 25 1) B0 BT, {845 L3984 Ak
A R IR 4E[27], IR TR, B A B BT b . Rl 6 S R R R
HOFEVA HEAT PR AT AR B FS , R AR e SO I B, (ES T AR 2 BOR A B B2 2 R
HEBERR A TN B A IR A B I A K, U X R AR S R AT RESZ N ORI P (3 R IR
HIVERBCN I . SR, 7 PG AEAR B R R T4 b S A 4 8 X 79 e 5 it o 2 B S P 4 (B 19
W AR ), X EEEROAREE Ny P RIESIN, ST DR RS A N 3 1 2 AR A A R A
YR R IR RE ST R, T 2 (VIR A IO bl 4y, AEA R X b R 9% 43 60 5 B M AL ot
i FCR VR SE S, AR SRS B £ (OB IR B UK [28] [29]. Miiller [29125 i\ J97E 550 S AF I I iy, ETK
TP ) TR 2 AR AR R T 3 AR, TEIR A S ZE I MM ) T B B R R4y, et
R ZR A DA s B VA TE AN R AR 58 Hh ot 75 00 BRI R FH 2

4.2, WHEHE THRSRMMERFRFRAERESHHIRNE

BV TN AR R A D S b P A T e AR A R A A [30], AR AR I 3 B A R LR b
VRS AN I SRR, 6 T PN A SR B M AR 25 R DI B R B U R R A AR . K2
AT B TER B, TR AN 2 AR R b A2 ) (0 70 O3 T RERZ IR AR AR (K070 A1 A% JRI [31] [32]
AT, P N V5 3 SO Rt T S S AR R R L AR R, XS A YE[33] S
FUEGEFAN B PIR R AL HE 5 K870 ot SV 0~50 om 3 T A B AR AL TR AL T R BN/
Mg L7t — 5T AT RE R RS INALEL S, AR 1 ISR IRR DL, (AR R R K, SEUEY
TRALE LRI ATALE[32] 5 55— T3 T, WA BE s KON YIAR 2R 3 B0 A 2 Uk T AR A S R
RS K7 BIWR ML [34] o PRI, 50 TR 20 VAR I sk 36 X SRR ¥ 1t T AR 2R 3 L 70 A1 ) St o7 B 22 3l 5T
S B B (K 22 AR AL

4.3. RMFEEE T EBURM EMEEM F RIR RN F TR
AWFFEERE TR, AR T IR SRR I P2 NS P AT NP ~FE{E 7351 0 24.8.
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1.61 g/kg, 16.8, 5AMEE S350 18 L JEH XA N P &5 J& N/P (24.1, 1.6 g/kg, 15.1) I Fi 45
REEA . KPMEIELIEA R T EEEE A N SR E M, R P& B eI R
RERTYA A, (EAEBAS AR S P & B A M N 2%, IX BT RS2 R 9 BH THT R MV L 34
FRUARARSA 3, B3 2 RN 3 0 AR IS BHE N P B BUR, TR ABHE IR N BN UK [36],
O R Y i AL B S R T e P A EROR MR A BT . K 2 H0E Tl DAY e NGP LA Sy
N PRI P PR 1) B E G AR[37] [38]. ARG T HEHUBEI& H - N/P B 7 B i S50 R0 S50 R 5 VS i Ak 2
JE4r AN 19.2 1163, ¥KT 16.0, It AE /G iZH XA AEKAIIRZ P BRHI. IRA N S &M P & EE
PR AR AL B 5 R A Y RIS R s, PR R P & R AE M it AR AL B 5 AR it AP A LUk 21 2. 2%
Z5(P < 0.05). KU, R ARG T IE NP Lt AT DU B I% 5 BRAIRIL[39] [40]. AN [E) it s 5
B TE AR 2 NIP 75 P Pt REA it 5 BRIt AR AV 25 B S5 R B, G R B T Rt T RE B VA AR 3R NJP R P 7K
Pk ENREMZEF(P < 0.05), MR R ERHERIAR A7 T HE— P EDE T 20 A X382 2 PR 4 H
BN PR SR s, 1 E N I iR IX Ah P PR R RS
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