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Abstract: The average annual precipitation in the hilly area of the Loess Plateau in northwest China is low, and evaporation
is high. The concentrated seasonal precipitation easily causes soil and water loss, and the water and nutrient deficit has
become an important factor limiting the healthy and sustainable development of grasslands in this region. Fertilization is one
of the most important technical measures to improve degraded grasslands and increase forage productivity. Super absorbent
polymer (SAP) is a kind of high-molecular polymer with rapid water absorption and slow water release characteristics. It
can reduce ineffective water evaporation and soil nutrient loss, and play an important role in improving soil physical and
chemical properties. To assess the effects of water retention and fertilization measures on plant community characteristics and
diversity in loess hilly grasslands, different levels of super absorbent polymer ( SAP), nitrogen and phosphorus ( NP)
fertilizers (SAP; 45, 60 kg/hm” and NP 150 kg/hm” urea+300 kg/hm” calcium superphosphate, 250 kg/hm’ urea+400
kg/hm® calcium superphosphate) were set in the hilly grassland of Anding District of Dingxi City to investigate the effects of
different application rates of SAP and NP fertilizers alone or in combination on soil water content, community characteristics
and species diversity in loess hilly grassland. After two years of comparative field study, it can be seen that: (1) Individual
application of 45 kg/hm” SAP (T1) significantly increased soil water content, importance value of legumes, aboveground
biomass, and contributed to the improvement of grassland biomass and plant diversity; (2) The treatment of SAP combined
with NP (T7:45 kg/hm* SAP+250 kg/hm’ N+400 kg/hm’ P) or NP fertilizer alone (T3: 150 kg/hm’ N+300 kg/hm’ P)
could significantly increase the importance values and biomass of Asteraceae, plant canopy height, vegetation coverage,
above and below ground biomass of the community; (3) The Simpson index, Shannon-Wiener index and Pielou index
decreased in the treatment of NP fertilizer or NP fertilizer combined with SAP | except for T8 (45 kg/hm* SAP+150 kg/hm’
N+300 kg/hm® P). The interaction of nitrogen and phosphorus additions and SAP may increase canopy height and
community coverage, increase competition among plant communities, inhibit the growth of understory plants and subject
them to light limitation, and ultimately lead to a reduction in species diversity. In conclusion, the application of moderate
amounts of SAP alone is beneficial in maintaining grassland diversity while maintaining slow productivity growth, and the
combination of SAP with NP fertilizer significantly increases the biomass of Asteraceae and Gramineae, which in turn

increases the community biomass, but leads to a reduction in plant diversity.

Key Words: Loess Hilly Region; super absorbent polymer; fertilization; grassland community characteristics; species
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E1 XK
Fig.1 The precipitation of study area

T 1 HIEBEAERER

Table 1 Physicochemical properties of soil samples

AL AR Alkaline T%ﬁ Aﬁffﬁ . ﬁq}t | Rapidly
pH Organic matter/ Total nitrogen/ hydrolysis o varapie ot _0 4 available
. osphorus osphorus otassiu .
(&/ke) (e/ke) iroper/ phosphorus/ phosphorus/ pot m/ . iy
nitroge otassiu
v i ; (¢/kg) (me/kg) (¢/kg) "
(mg/kg) (mg/kg)
7.96 52.9 2.97 254.0 0.7 7.68 17.2 158.0

R2 AEHMERERL

Table 2 The basic situation of sample site

HKR PUEE R
Average Importance .
Plant groups . Coverage/ % Plant composition
height/cm values
WiE BHFH (Artemisia sacrorum ) | i " 3% B ( Ligularia sagitta ) . WK 1€ 3k
. . 29.4 45 1.425 (Serratula centauroides) ‘K 4% 5. ( Leontopodium leontopodioides) . %5 % ( Aster
Compositae .
tataricus )
KAFR} 343 0 0.793 AREEZF ( Stipa capillata ) . %5 1A B ( Brachypodium sylvaticum ) | 5 & 22
Gramineae ’ ’ ( Helictotrichon schellianum) Y8 ( Elymus dahuricus) .
2R 17.6 ) 0.178 CE 15 ( Medicago ruthenica) | |11 ¥ %i 5. ( Vicia amoena) | TE 3k 3% ( Vicia
Leguminosae ’ ' unijuga) \ 5 ( Oxytropis bicolor Bunge)
e K KFL(Anemone tomentosa) . - F3ZEW 3 ( Potentilla bifurca) | 7& LU FHFA B
;: b 23.2 15 0.604 ( Thalictrum alpinum ) . H&2F )LV ( Erodium stephanianum) . 1R 3% ( Stellera
orbs

chamaejasme) BB ( Geranium wilfordii Maxim.) ,

1.3 WESH

(1) LK E 2390 T 2022 4FF1 2023 ARAE FP KR IR ETHY 6 AR AR AR 19 9 H 4 R A 4
BE T IEZR S 0—30 om LSRR BESEH/INX 3 ASREE AL, RAE 9 i IR AR, 30 /N X 3L 270 £ L 1ERE

o R FHHET (105 °C) P5E 3 B S K 2

(2) BEIEWIFR AL . T 2022 4 2 2023 4F 9 H 1) B AT A= 4 HE B A I 0T 0R A7 8 A, 7 &b B/ IS X e 4%
H AR 30 AR I A A DI, B8 3 AN/ IMETT (1 mx 1 m) EAREE T N BEALIN & 20 BRAEY) = B, 5K
SEREAE A T 5 2 1 B WA T e SR 1R B A S Ml e 2 i B P SR AR R R A S A R
(3) H AR AT . GRS 1 m® R 55 HTET 2 D BT 1 ) 25 A5 B4y [l S0 00 2 AR HL A o, R
HEFEAE 105 C AT 30 min, 46ZETF 75 CIEIEAMET 24 h TR FRHTEIFCHE M FAEYE, FREAEE
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a ARIE PR LERE VS B PSS B AL 16 RS 0 W ARAR) A RE R AZR R 4 FhORERE .

(4) H R A=Wy i A . ARSI TEAR 8 em MUARENIE 40 em VR H 48, B 7 E R L
3k, KRR A T A R A 2 W 22 B A 100 H R4S R T BEAE AR AR R e i 0O AR AR LA
80 °C FHEF 135 AT,

R3 ZWRITELE

Table 3 Experimental design and treatment

57K 30 it FH JKZE Urea(N,46% ) i3 W45 Superphosphate (P,05,18%)
4 Application amount of it P ARSI i it ARFRI it
Treatment super absorbent Application amount/ Available nutrient Application amount/ Available nutrient
polymer/ (kg/hm?) (kg/hm?) content/ ( kg/hm?) (kg/hm?) content/ ( kg/hm?)
T1 45 0 0 0 0
T2 60 0 0 0 0
T3 0 150 69 300 54
T4 0 250 115 400 72
TS 60 250 115 400 72
T6 60 150 69 300 54
T7 45 250 115 400 72
T8 45 150 69 300 54
CKO 0 0 0 0 0
CK1 0 0 0 0 0
1.4 ik se

1.4.1 YFhEE(E
RV Y EEE T A IR
[V=RFE+ RCO+ RHI (1)
b IV R TEEAE, RFE MR, RCO AR 26 5, RHT A5 B

Hi
RCO = RHI = —— (2)

c.
> Yo SH
Ao, BRI, Y, FO BT IR SR ¢ A R TERE (m?) , Y, C, BT Rl R 2 A
(m®) ; H, NSRRI EE (m) | Y, H A7 ET A R R B 2 A (m)

1.4.2 Wk AR5

AR B 1 w7 LA AR R BRI R S R BRI 1 m® BTN
A, SR Z R 48 50 Simpson 84, Shannon-Weiner 84U Pielou ¥72] FEFE B AT 2 REME I 2 , HG R
HAF .

i

RFE =

Simpson %% = 1 - z I (3)
Shannon-Weiner 3% = - Z p;Inp, (4)
. (= 2 pinp)
Pielou Y25 JEF8 %L = T e (5)
ns

Ao, PoEE S WA | FIEEREVE AT B L], S AR L BTERE T RO Rl R
FIH Excel 2016 B A4%F 254 B b4 7400 25 46 88 R FH SPSS 27.0 84+ i ANOVA S R T B R Ty
Z50T,P<0.05 N2 R B3 A H GraphPad Prism 8 #4224,
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2.1 DRKIGNEHA it Xof -8 5 7K SRR B R T 1) 52 i
211 BIESKE

FHEE KB R RRK RS B 6 A9 AARR 52K & EmE 2 Bin, MWK -JE, X
T 5 R 6T I CIK 55 A Ao A e Bz g A 3L 39855 K e 287 Fh s F 0 IR CK i, i P PR 7K ) A B 3855 7K
AN EE  (HH BB A 25 5 . ORI Uit AE g 4R v RIS K, LA 2022 4F 6 H il 2023 4RERE
KEDET, B 2 AR K R (T2) 4hFE 10—20 em + 32 & /K B4R CK, .3 (P<0.05) #41 28.1%—
45.5% ,fA%F 20—30 em 487 S K B A 2 L e A B 25 S OFOR B ZERROK R kTR R I, T1 A AR
10—20 em T 32 g SR SO BB N 28.1% , H.22 57 135 (P<0.05) . PRk 5 A BEAC FCiE T, 2D oK
5 A BENE A ECHE (T7 A1 T8) AbFE 10—20 em 145 7K &40 5O IR CK, i & 2 5 23.7%—44.0% \18.6%—
55.5% ,20—30 em T35 K 4 BB B CK, 0 35 3 17.3%—35.4% ,18.6%—31.9% , H 25 5% . 3% (P<
0.05)

] 6H /= 9H

10—20 cm T2 20—30 cm T2
30 - 25
A AB
CD p
o
o™
s
N Q
=
jo3
s
3
8
2 0
= TI T2 T3 T4 T5 T6 T7 T8 CK, CK; TI T2 T3 T4 T5 T6 T7 T8 CKy, CK;
<20 20 -
I b
KA a abe abc & a a
4o ab I pe abe {; A a  a a @ _} a
Sﬂj 15 b A iﬂ e c ¢ 150 b be -I- i be
AB B A A S F
; B [|B h A AB BC | |AB A
c IS ]]c C Cb||CD||cD p|lco &
10 H D 10 H §
5§ sl
0 (- L1 11 L1 L1 L1 L1 L1 L1 L1 (. - L1 L1 L1 L1 L1 L1 L1 11
TI T2 T3 T4 TS5 T6 T7 T8 CK, CK; T1I T2 T3 T4 T5 T6 T7 T8 CKy, CK;
Kb ¥ Treatment

B2 {RKIEERIE HEXT L3R &k E RIS E
Fig.2 Effects of water retention and fertilization measures on soil water content
T1:45 kg/hm? 57K 5] ; T2:60 kg/hm? {7k ;T3 :150 kg/hm? K Z +300 kg/hm? i BEHR4S ; T4:250 kg/hm? R E +400 kg/hm? it BEBR 45 ; TS : 60
kg/hm? f£7K 51 +250 kg/hm? JREE +400 kg/hm? i BEEREE ; T6:60 kg/hm? £7K 1+ 150 kg/hm? FREE+300 kg/hm? 3 BEER S ; T7:45 kg/hm>F#7K 5
+250 kg/hm? R & +400 kg/hm? i BHRES ; T8 :45 kg/hm> fF/K 1+ 150 kg/hm? JR 2 +300 kg/hm? i B R4S ; CK,, : 25 0 B8 CK, - Rl 5 iz of
MR, ARFEVNEFRERR 6 H 45 A0 3R] H 58S KR 25 7 B3 R RE TR 9 A & A FH IR 4 5 /K 25 5 W35 (P<0.05) .

2.1.2 GEb)E i MR 4 o T
H1 T 2023 4R R /K S AR 55 2022 45 sl H T 3 AT, 45 S5 90 A 30 5k J22 e 2 R 0 5 132 28 2022 447
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TEARNFEFEE R, SR, S A 9 e 2 8 BE ¥ 7E T3 (150 kg/hm*N+300 kg/hm® P ) &b B 35 3 K, 40 51 0
44.9 cm Ml 35.5 cm, #45 FARIR CK, 209 B2 4215 39.4% 34.7% . T8(150 kg/hm’N+300 kg/hm’*P+45 kg/hm’
SAP)AbHRYR 2 T2 = B4 o 42.7 em (32.4 em, B2S AN IR CK, /0 548 32.5% 22.8% , H2EH B 3%, i
P76 FEAE T7(250 kg/hm*N+400 kg/hm?P+45 kg/hm*SAP ) 4b I 1k 5] 5 K, #50%F R CK 20 1 i 3 42 185 21.1%
27.0%, T3 ALFRRZ 43 He%t HR CK, B 32 19.3% .21.0% , BAujiti 7K 370 T1 A P foff w55 bt A 90 e J 2 v
CK, 434 51 13.6% 4.8% , 348 CK A3l HE 5 4.2% 12.4% , Jite FH Ml AO X 5 1 25 P38 A0 52 i HE 4 I 2, 2R
B NE JE e Bt 55 PR A AT it FH 35 B A 04 v B b 55 13

-o— 20224F -m 20234
60 - 110

100 -
40
90 -

80 -
20 |-

5 )2 75 B Canopy height/cm
A 3% ¥ Plant coverage/%

70

1 1 1 1 1 1 1 1 1 1 60 1 1 1 1 1 1 1 1 1 1

TI T2 T3 T4 TS5 T6 T7 T8 CK, CK; TL T2 T3 T4 T5 T6 T7 T8 CK, CK,
Kb ¥ Treatment

3 RAEREEENEERESE EREENFIT

Fig.3 Effects of water retention and fertilization measures on canopy height and vegetation coverage

2.2 PROKHE AT it o) b A A A i 1D )
221 M bAYE

K TR 28 AU 18 B0t 15 T ot Ak B AR TR A P 2R Bt L A= i S ST, 3 4 Rl iR T Rk b
2023 AR BRI AR RO, HA 2 BERL ) b AR W 4 2022 AR i REAIG, (EL 48 B RINR B 28 AE 9 76 1
AR P S AR, PRSI AE R, T7 (250 kg/hm® N+400 kg/hm” P+45 kg/hm*SAP ) 4bFft
e b A ik BSR4 IO R CK B 3N 133.6% .56.9% . T3( 150 kg/hm® N+300 kg/hm’ P)
AEBR 2, A3 BT B CK 0 102.2% \46.8% , H 25 57 0 3 it F S0 FIE X R e 2 0 s i A, EL it 25 o
KIS R FLRAE Y A W ka4 PR ARFIE Y M A Y5 CK, /il 45 5 33.3% .38.1%,
HESRE, T7 4B 2022 FMRARHEY M LAY B3 CK 325 17.6% ,{H7F 2023 48 CK, W E 1 =
58.9% , PR/KF AT (T1) Zb PR E R E T ERHMEY L E AR Bas IR CK, 4 B3 62.5% . 141.7%
BT AR NE RS T ARME Y AR Bt R BRI sl O AR GR B i 2 SR W b, A i
222 MWW

H3 5 AT, 2023 AR A0S A= Py 08 2022 AFAG BTSN, AS R OR K 38 B it X AR 3R =22 434 )2 (0—
10 em) AL N AP 0 s, R R G R CK H 0—30 em 230 N AP 2022 AE528 U0 IR CK 3
N 15.4% ,2023 4EH0 IR CK 360 4.4% , BAJta A K70 i, DBt (T1) ZbFE 0—30 em +JZ i F 2B Wit et
M CK, 742 1 53.4%,29.4% , AL, i (T3) A3 0—30 em 1 JZAE Y N A= 4 ik 53 0 B0 6F
W8 CK, B 79.5% .50.0% , A3/K )5 FBEAEECAHIT , T7 AL 0—30 em 1 )2 A W7 HIE 6 IR CK,
R 76.9% \75.0% , LEEREAR KR T1 A3 3 542 5 15.4% ,35.2% , LU it B AT Y T4 Ab 2543 7 $2 5
32.4% 22.2%.
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R4 RAHEIEEEN AR YR EEMERNRIN/ (kg/m?)
Table 4 Effects of water retention and fertilization measures on aboveground biomass of different plant groups

4y b3 A RAR SR T it

Year Treatment Compositae Gramineae Leguminosae Forbs Community

2022 T1 0.411+0.106de 0.129+0.029be 0.026+0.000a 0.048+0.009a 0.614+0.067de
T2 0.392+0.059¢ 0.127+0.024be 0.018+0.002ab 0.054+0.013a 0.592+0.081de
T3 0.957+0.229ab 0.170+0.055abc 0.006+0.001¢ 0.046+0.001a 1.179+0.164ab
T4 0.743+0.175bc 0.196+0.072ab 0.010+0.003abe 0.052+0.009a 1.001+0.355bc
TS 0.726+0.207bed 0.244+0.005a 0.015+0.004abc 0.025+0.003ab 1.010+0.201be
T6 0.595+0.250cde 0.159+0.065abc 0.015+0.005abc 0.024+0.005ab 0.794+0.250cd
T7 1.148+0.101a 0.172+0.035abc 0.019+0.002ab 0.023+0.006ab 1.362+0.118a
T8 0.655+0.103bcde 0.098+0.023¢ 0.008+0.001be 0.032+0.008ab 0.797+0.192cd
CKO 0.385+0.103e 0.147+0.037be 0.016+0.003ab 0.035+0.004ab 0.583+0.159de
CK1 0.366+0.045¢ 0.093+0.031c 0.012+0.009abc 0.008+0.006b 0.489+0.073e

2023 T1 0.261+0.067cd 0.254+0.041c 0.029+0.005a 0.037+0.002be 0.560+0.087de
T2 0.218+0.023d 0.277+0.014be 0.010+0.003be 0.036+0.010bed 0.541+0.017de
T3 0.361+0.041ab 0.344+0.030a 0.011+0.004bc 0.041+0.013b 0.756+0.016ab
T4 0.345+0.043ab 0.326+0.017ab 0.008+0.002bc 0.051+0.017ab 0.735+0.019bc
TS5 0.344+0.020ab 0.217+0.037¢ 0.013+0.004b 0.011+0.006e 0.584+0.048d
T6 0.274+0.028c 0.268+0.065bc 0.025+0.001a 0.016+0.004de 0.583+0.044d
T7 0.397+0.009a 0.375+0.053a 0.018+0.002a 0.016+0.007cde 0.808+0.051a
T8 0.383+0.004ab 0.217+0.057¢ 0.020+0.006a 0.064+0.036a 0.683+0.086¢
CKO 0.258+0.050cd 0.236+0.035¢ 0.012+0.001¢ 0.017+0.004cde 0.515+0.037e
CK1 0.332+0.009b 0.146+0.027d 0.013+0.003b 0.013+0.007e 0.505+0.039¢

SR R 7B F R 45 Ab P22 53 1 2 ( P<0.05)

F5 RAKEEEENRE LB TEWENFM (kg/m*)

Table 5 Effects of water retention and fertilization measures on underground biomass in different soil depth

Ay Qb T +J2 Soil depth/cm

Years Treatment 0—10 10—20 20—30 0—30

2022 T1 1.88+0.60ab 0.46+0.19a 0.06+0.01b 2.39+0.61ab
T2 1.8120.79ab 0.34x0.24a 0.03+0.01b 2.18+0.81ab
T3 2.28+1.26a 0.45+0.24a 0.08+0.03b 2.80+1.44a
T4 1.78+0.69ab 0.30+0.16a 0.00+0.00b 2.08+0.73ab
T5 1.55+0.53ab 0.34+0.26a 0.10+0.01b 1.99+0.71ab
T6 1.5720.69ab 0.41x0.35a 0.07+0.01b 2.05+1.11ab
T7 2.30+1.24a 0.38+0.25a 0.08+0.01b 2.76x1.44a
T8 1.95+0.74ab 0.44x0.25a 0.22+0.19a 2.61x0.84a
CKO 1.2020.25b 0.36:0.14a 0.00+0.00b 1.56+0.28b
CK1 1.48+0.66ab 0.32+0.16a 0.00+0.00b 1.80+0.79ab

2023 T1 1.86+0.26¢ 0.60+0.05b 0.18+0.07a 2.64+0.20de
T2 2.030.38bc 0.59+0.09b 0.00+0.00b 2.62+0.30de
T3 2.25+0.09ab 0.73+0.10b 0.08+0.02ab 3.06+0.04bcd
T4 2.50+0.43ab 0.39+0.08¢ 0.02+0.01b 2.92+0.37cde
TS 2.44+0.30ab 0.330.09¢ 0.00+0.00b 2.76+0.31cde
T6 2.63+0.35a 0.58+0.04b 0.03+0.01b 3.24+0.30abc
T7 2.50+0.11ab 1.05+0.20a 0.016+0.0a 3.5740.11a
T8 2.60+0.23a 0.63+0.07h 0.20+0.04a 3.44+0.31ab
CKO 1.68+0.13¢ 0.3320.10c 0.02+0.01b 2.0420.21f
CK1 1.63+0.36¢ 0.3320.10c 0.16+0.08a 2.13+0.34f
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2.3 PROKIENEHE it X AR 0 A 0T S (R R A P 5
231 EE(H

H1 % 6 T, CROK S RE RS A AN [R) S AR 9 1 B B(E R A T 2R, 2023 AEBRZS (XTI CK A0 HAth ik 3 45
FPHE Y B ZAE AL 2022 ARG R, RARHE Y H 26 A B W %, B T3 T4 TS5 A 3R 6 #] CK,
A, A A B G BHEY) B ZE L 2022 AN, R K ] T1(45 keg/hm*SAP ) Ab B A [R] {4 & RHE Y 1)
FEEAL CK, AN 246.2% (179.8% , HUjita ZBENE M AR AR 8 2 52 5, 22 Al ) i B T B, S
T4 4ib R AR A AR W T BB A0 IR CK A3 B I 14.7% 58.1% , 2 W5 25 by B B A 50 IR CK, 43 5] A AT
59.7% 38.7% ., 1%-/K#)5 B BIEEMERT, TS T6 \T7 T8 Kb FH I 4F [v] & A 4 F ZH I CK, A 8N, JL#i2k
T LRI T B (A& A B 25 S AN 26 o 55 Bt R K ) RN Ui N 1 A B L, 45 1 DR KGR R U AT
BBt — 77 THAD T T A % T K BB S A4 A 5 R A 5 5045 B S8 B, 55— D7 IREAR T A& 3% TR e 2544
SURIEZ R PRI 22 REE (T A5 F D REAS IR P SRR TP T A A= 284k

R 6 RAGEIEEEN EHEEERM

Table 6 Effects of water retention and fertilization measures on importance values of grassland

Ay Ab HFt RAF ISR IR
Year Treatment Compositae Gramineae Leguminosae Forbs
2022 Tl 1.45+0.30a 0.62+0.18a 0.45+0.20a 0.48+0.23ab
T2 1.39+0.24a 0.70£0.10a 0.35+0.04ab 0.56+0.04ab
T3 1.33+£0.0.51a 0.76+0.23a 0.33+0.16ab 0.58+0.18ab
T4 1.69+0.17a 0.86+0.28a 0.21+0.02ab 0.25+0.16b
T5 1.58+0.25a 0.57£0.10a 0.30£0.07ab 0.56+0.14ab
T6 1.52+0.10a 0.68+0.19a 0.33+0.16ab 0.47+0.19ab
T7 1.69+0.46a 0.59+0.30a 0.22+0.05ab 0.50+0.23ab
T8 1.64+0.28a 0.63+0.11a 0.21+0.08ab 0.53+0.32ab
CKO 1.19+0.18a 0.75£0.05a 0.13+0.02b 0.62+0.36a
CK1 1.73+0.17a 0.73+0.18a 0.24+0.05ab 0.29+0.21ab
2023 T1 1.16+0.22a 0.96+0.19a 0.47+0.13a 0.41+0.24b
T2 0.94+0.34a 1.29+0.13a 0.31+0.03bc 0.46+0.22ab
T3 1.24+0.33a 1.10+0.21a 0.27+0.043cd 0.39+0.16b
T4 1.06+0.17a 1.44+0.18a 0.14+0.08d 0.36+0.06b
T5 1.20+0.36a 1.10+0.32a 0.30£0.05bc 0.40+0.09b
T6 1.18+0.30a 1.00+0.26a 0.38+0.04b 0.45+0.19ab
T7 1.08+0.24a 1.23+0.45a 0.24+0.11cd 0.45+0.10ab
T8 1.28+0.21a 0.88+0.14a 0.27+0.05bc 0.57+0.14ab
CKO 1.34+0.17a 0.91+£0.29a 0.17£0.07cd 0.58+0.05ab
CK1 1.31+0.35a 0.98+0.30a 0.23+0.16¢d 0.49+0.16b

232 HHIHYIYIMZ A

B AE ) 2 FEPERE AR S B — i DX R ) o R R S R AR BAR AR B A& Y . R T R,
5525 0% IR CK RIS 5 B IR CK AR B, 2022 4R T 2023 4545 (K 1 IE b SR RS A 18 AR R4 22 4
TRBUE AT 2 5, DROKR Bt I, T Ak B340 ol 50 AR B8, ) b A1 35 B2 418 £ Simpson | ) il 22 #F 1 45 %
Shannon-wiener 2 ¥ ¥4 5] FEFE AL Pielou PIAFE [B] 3 & FXF BE CK,,, it ZBEAL , AN e 28 & i/, Simpson
F8%L . Shannon-wiener $5 50 Pielou ¥8EU P AEARL T 25 AXT R CK, . T4 4ZbBRALHIASARE B 0T IR CK, 43 5] 38 i
22.5% 38.0% , (B Pt 3 58 %L Simpson 43 5 5 3 BEAT 18.4% . 6.85% , Shannon-wiener 15 % 43 51| &A% 19.2% |
7.4% , Pielou #8505 B AL 19.2% .5.6% , /K55 R0 N0 BC it B, 2D /B IR 5 AR K50 B B it T8 Ab 2
Simpson 5 U HI Shannon-wiener $§ 50 - 34 15 T it CK,, X Pielou FRE05 X IR CK, ol 225 5, Hh ] 1
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B A BRALAL BE (T3 T4) AH T8+ e v A% DN B ) Fp 22 R D03 B2 R 50 FE 4B 45, T1 R0 T8 4b B
AR T YRR s R 2 R

R7  RAKEIERE X B AE Y T S RS R R0

Table 7 Effects of water retention and fertilization measures on grassland plant species diversity

GO b YIFhaR Mg Simpson F5 %X Shannon-Weiner #§%{ Pielou $5 %1
Year Treatment Species Individual number Simpson index Shannon-Weiner index Pielou index
2022 T1 18 360+55a 0.80+0.08a 1.88+0.32ab 0.81+0.05a
T2 16 298+35a 0.80+0.05a 1.82+0.21ab 0.79+0.10ab
T3 20 362+109a 0.70+0.04ab 1.60+0.12bc 0.70+0.05abc
T4 16 387+35a 0.62+0.17b 1.35+0.30¢ 0.63+0.19¢
T5 18 292+34a 0.73+0.05ab 1.64+0.12abc 0.74+0.08abc
T6 22 325+47a 0.74+0.04ab 1.60+0.14ab 0.73+0.06abc
T7 19 356+164a 0.67+0.14ab 1.52+0.41bc 0.64+0.13bc
T8 22 324+143a 0.80£0.04a 2.00£0.12a 0.77+0.04abc
CKO 15 316+176a 0.76+0.07a 1.67+0.24abc 0.78+0.11abc
CK1 14 268+43a 0.68+0.04ab 1.51+0.11bc 0.68+0.001abc
2023 T1 18 367+94bcd 0.79+0.03ab 1.84+0.13a 0.76+0.01a
T2 20 346+67bcd 0.67+0.06e 1.55+0.04bc 0.66+0.06d
T3 18 407+39ab 0.73+£0.02¢d 1.60+0.04bc 0.69+0.03bed
T4 16 410+63ab 0.68+0.02e 1.50+00.06¢ 0.67+0.05d
T5 18 285+73d 0.74+0.04bcd 1.60+0.15bc 0.74+0.02ab
T6 22 405+63ab 0.81+0.04a 1.81+0.04a 0.68+0.02cd
T7 20 386+13abc 0.72£0.06cde 1.64+0.06b 0.70+0.04bed
T8 23 467+28a 0.77+0.02abc 1.82+0.02a 0.72+0.01bed
CKO 14 297+20d 0.73+0.02cd 1.62+0.04bc 0.71+0.03bed
CK1 15 354+21bed 0.75£0.01bc 1.57+0.10bc 0.73+0.03abc
3 aig

3.1 GROKSEAERE AR e 5 K AR AE i 2

B b B I AR X T R T R oKD RHEGROKRE ) 22 A TR K 5 P it R AR T
BOK LR KGR B A2 X b AR 2SR A ) R R I BRI P R P AR KGR X
R PR 2R B R M) 2 A T X S KR B R [ N A AR 2 5T R W DR R ] LA 5 s R AR P )
AR KR s IR K AR Ty LSRRG R U R , AT SR A AR T a2 SR AR KR Y
Tl e MR B >4 M P17 7 R i AN S8 PR R B9 P LA 3 58 0 42, i Hoadks 2 SRR &R
G35 ROy AT A, A S04 SRR W LK 34 AT Ak X - 38 25 /K B (8 S 2 B T, — 7 TR T 1
DT AR AL K RERS T8 B —E IR, 55— T T B OROKGR B e T R ERRKRE T ] T K
SYTOREEE R N4 i T R B K R R M AE BRI AN AR 7 0 B A A A 52 ) K 43 R SR 43 i e [
0 U AR B e ST R T R X AR R R 0 R VS R 5 e B AR R AR B R T £ K SR
O, BRIKGRE BB AERCHED > T R P T R R O IR 3 MIZERERE 7, (A R/ n] BEZ A
TIOR3 FFRIY o LK HN T8 R I SRR I S 254 S DX A B ) AR A B e 2 v B AR
B X Ford S5 NBFSEEE R — 20 HRPUR 2424 45 RHE Y (CIngRAT 8 /32 ) ORACRLRE
(CANAS EC AT 50 ) V5 E B ERD , RS NERE Tt b v 1 /K HER ARG N T LAY b Y5 5 RE 7, i HE bR
PEF R 5 MR A3 TR 23 1 DX, 3R 5 22 K AEADC BT D US4 A= 1, 2t i A 4 el J2= v E R
S AEREIVETE S
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3.2 PROKHG RE S it X A A R 2L N A B i 1) )

A b [ S W B A 7 g G T A, th R R S A R R AR, Xu O HE AR T AR
T ML T A ) W IS SR T, S K sl R /K 3R (R3S i 22 e 25 4 e b A Wi, AR DR K I SE 0%
FH, BEARAGR] (T ) AbFRAT F A 75 b AR i e 2s AN IR CK 43 85 N 5.3% 8.7 % , it & (T3 ) b 38
BT IR CK 73701 i B 1S T 95.4% . 33.9% , 22 ARk 50 5 AU AL ROt ( T7 ) b BRAF T b b A 4k 9 4F 8] 1 38 3]
KB IR CK 20 ) S 3 14T 125.6% .56.9% , R4S T7 Wb BRJG 35 R ARAFEL SR b A=) 80 1] CK,
HOA PTG AEOR[RIAEA , AN (R D) RE R AR A 38 I R — 3, 2022 4R350 M FE K Bk 70 A2, A9 RHAE 4 386 o
B, BN IR CK M0 198.2% , ERMEYIR 2 10 18.75% , RABHEYIIE NN 17.6% , 2 E KA Y b |- 1E
i T % 34.3% , 2023 AR IR LR AK B D RASRHRE P4 hin 3k B B K, BN IR CK 34 in 58.9% , 5 BHIF IR
Z 3800 53.9% , ERME YNGR 50% , A2 REAAHY A Y RO IR CK A R RE AT RE IR R 25 FH IR A AE
Xt SR K L K5 00 R P RCR 8 T LAWY , 1 2% S A W A R IR AR U A 145 3 LA 723 ()R B
BT R H A N I O o B R BRI 2 AR e M Y AR, 28 T7 AP 45
FRABHEY) A ) Fe7E 0 3 0, W35 0 s BB ARV b o 2 b T 2% B 28 AR ) 1) S 2 (B RN b | A=)
WITE N, PRI AR T 335250 K o BRI, K 5 5 R EAFAE TR, K403 B T4
O AR AE A A A YRR R BRI B R A% 4G R W 1R) 45 e e e 3 ELAE K o TR 40 35 R 7
AR A K A e 2 v B R A PR R it 3 e 7K o3 ORI B T SRR K o BRI £ 2 AR
RRE WA AR T AR T B0 GBS T R A A Ay R AR O DT e R Y T (R A
i, PROKIE AR X b T A A A e [ J S Bt R K R AR BT ) 7E 2022 4F AT 2023 4E{f 0—30 em +
JEREY) T A W A R IR CK, 20 S T 56.7% . 29.4% , B it B s kb B (T3 ) 4> B %R CK 4275 T
79.5% .50.0% , 7K 55 BB ALt AL ( T7) 43 BIAE0T IR CK 35 T 76.9% .75.0% , B T AR it s
PRI PEHE it Xl b, 55 FIARL ) 5 2 1 B8 s A 2 UIIE 3R PR K A e it — T 4t v 17 A e )25 8 B A
HAFHE Z B T R 1R 0B, 55—y TR 8 55 I Ah 72 T H 3 b i 2 i, 3508 0—10 em 382
Hh AR A A R R RS
3.3 PROKIEACTE it XA 2 R TR A FE

PR DR ZREEZ K B DCRRE L BRI 5w YR Z B A R T oA S R K
FaE R R . KA SRR AR A R DGR R 2K 1| [ N AR 22 T 5% % W44 /K I 225 0 38 o st A A A 5 4
B, B T REE AR M, X Tt 5 DGR b A A LA B A S AR S S Bt (R K 5
(T1)AbFRAE 10—20 em 3825 /K S50 BRI 57 28.1% , W R L AN AR%EL . Simpson $8 4%, Shannon-wiener 54X
X Pielou $8HUE 2 AR IR CK P8 R RIFREESE N, 40K o s 38 8 vl U S0 A /K 43 =7 xR 2 K 1
VR, Jo AR AR R ) A SR M T A S, 3K AN ELR 5 T W R A S T RE AR, 1T LR
Pl i) e Sl M4 8 W R Z2 R 1, 335 AR 5 v i P 2 R /K RS 0 50N 22 P 48 50 Jn 45 S A
oL, BT IA T , R 2w Rt 1 BRI Rl AR A R AT RS R AR Sk
TSGR SR, A SEIR 25 S R A, AU v I sl R 2 B0CR i 5 7K 19 28 AR 23 B AIX Pielou 845, 0
TS AR AR B 58 BAE I REIG s 23 5 B RIS 55 5, DVRARL A B 1) %) 5 4, U0 ) G2 A A K A
ZECBRE 38 B AR R DR A R R AT, A S EW R Z R R I, X5 Ren 20 5T 45
R—5, HAPEGUKNSIE S RABEL G (T8) A3 W Fh 55 AR EAE RS N, Py Fh Z2FE M8 ORI 345 4
BAE LIt it FHORK SR T RETS AR AR, 325 T REVR 50 B 3G T R 2R, T e ORGSR RT S
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K FIBC X B A T 52 T R AR ) et 2 o B A o B A IRE T Pielou 84X b E 5T A BA W
FERW B R KGR AL BT FIORZKGR) S AR L ROt AL B (T7 ) ¥ RE W35 58 = 1385 /K &, T1 A0 21 R 35 4 n
TR E A EAE YR SRR R AR ) 2 T AR AL HE (T3 ) FABEIE 5 PR AKGR R Ab
PE(TT7) fg & 38 e At 2 o B M i B b 2R Wi R R AR ) BRAR R AR 2 D R OROK
S5EBEIERYECEALBE(TS) |, A= Wy i AW Fh AL 345 B 5 %X Simpson A T4 N, ¥ Fh Z A4 48 %X Shannon-wiener .
FPE R, AT RESE ORAKGRIRI BB 28 ELAE IR T RIS G RE V& W 22 BE P 00 670 TET 52 ), ) R 34 5] BE B 2K Pielou
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