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Plant height and coverage of main species predict aboveground biomass of

population and community on alpine typical steppe
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1 State Key Laboratory of Grassland Agro-ecosystems, College of Pastoral Agriculture Science and Technology, Lanzhou University , Lanzhou 730020, China
2 Key Laboratory of Grassland Livestock Industry Innovation Ministry of Agriculture and Rural Affairs, Lanzhou University, Lanzhou 730020, China

Abstract: In order to fastly, accurately and non-destructively to predict the biomass on alpine typical steppe in Qilian
Mountains, growth indexes of plants species such as plant height, coverage were observed during the growing season under
two different pastures, which are Winter grazing land and spring and autumn grazing land. In total 60 quadrats were
measured. Taking the Plant height, coverage, the product of plant height and coverage of 6 major species in winter pasture,
such as Stipa purpurea, Achnatherum inebrians, Leymus secalinus, Agropyron cristatum, Potentilla bifurca and Convolvulus
ammannii as independent variable, and the main population, other populations and aboveground biomass of the community
in the same quadrat were used to develop the predicted model, which was verified and corrected by applying the collected
data under Vegetation data of Spring and Autumn Pasture. The results showed that the growth indices of representative
species can predict the aboveground biomass of themselves, other species and communities. The composite factor of plant
height and coverage product was the best for predicting the population. The single factor of plant height and coverage was

better than the compound factor in predicting the other populations of the four grasses and the compositae populations of the
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Potentilla bifurca. Six main species alone or two to six kinds of combining both predictable community biomass on the
ground, but the product of 6 species of plant height and coverage to participate in the prediction of regression curve at the
same time, decision coefficient is the largest, can explain community biomass of 89.50% of the variation on the ground, can

be used as a typical alpine steppe community biomass optimal prediction model on the ground.
Key Words: population; community; dominant species; accompanying species; grazing
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1.1 BF5EIX A AN

DT H A R B % B 6 5 S BE ( Cervus elaphus kansuensis ) 775837 (38.8°N,99.6°F ) , HiAb 413 %: 111 Hh B
b3, 27 B s S AR DX 1] ] PG SRR A X AR AT, AR 2650—2950m , A L BRAS 4 AR 3.6°C  4F
YRR AR 253.0mm, 28 KK 1784.6mm, HUHE 4.5 AIFURIRTT, 7.8 AHE AZERRERE MR 5 R 285 DU 73
ek, B FER BT 1 M B R RS R B AT 5P (Stipa purpurea) 5 E ( Leymus secalinus ) | BE T L
(Achnatherum inebrians) | Ji B VK & ( Agropyron cristatum ) 55, W IR R G KRR KRR R-RE 5547
RGP
1.2 FEHE

1999 4F 8 J3 | MR 4% X H o L5 i A 4y g W, 7 B 25 4 ZR 0 AR K R0 K 1T H 50,350,650 ,950
1250 ,1550m &b, T 1 42 7] Hi37 TR Ak 1B 156 3 30 R X ) ML B, 43 0 & 1 AT AR Dl 100m x 100m A A
T RARER I E S AN ETAUN Tm x Im WRETT A4 30 4. BRI FRBERLEER 5 B, 5
TN Hobk iy | o SR TR AR, THE P IR MR AR & (H) FNRE B2 (C) o 3R 5 X ALy INAE S
65°C TR IR AR AL = H 5 PRI 1A=t
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Table 1 The important values of each species in winter grazing land

HEH HEH
HE B e m fi
. o Important . . Important
Ranking  Species Ranking Species
value value
1 LAEET S Stipa purpurea 22.46 13 W HJEAR Gentiana leucomelaena 0.988
2 fifi Leymus secalinus 17.25 14 T MR Artemisia capillaris 0.974
3 Ji FEVKEL Agropyron cristatum 12.17 15 W RIF Torularia humilis 0.853
4 i 5 5L Achnatherum inebrians 9.02 16 MRERHE Lycopsis orientalis 0.749
5 RIKTERE Convolvulus ammannii 6.540 17 15 L1485 Aster alpinus 0.528
6 T HFBIE Potentilla bifurca 3.953 18 % 8 Artemisia frigida 0.476
7 E L FEFARE Thalictrum alpinum 2.565 19 BAT /R 22 M) ek AE Heteropappus altaicus 0.423
8 WK FHR Poapoophagorum 2.148 20 HWAYE Taraxacum mongolicum 0.362
9 P %% B Achnatherum splendens 2.084 21 e Fl Y B A Elymus nutans 0.287
10 FLHBEE Astragalus galactites 1.984 22 ZARZA Allium polyrhizum 0.264
11 SEETBK Potentilla acaulis 1.846 23 L H53E Ixeridium chinense 0.183
12 AL T Oxytropis subfalcata 1.772 24 % dE Allium polyrhizum 0.152
Yy e BEAE = CRHH 5 J3E + A i B2 +AR A ) /3 (1)
H S Fh b A= e 0 7 R AT
y;= ax;+ b (2)
Kb,y WP AR IR § B H L C B CH ,a b R IR
HAbPy b ARy B R
y;= ax;+ b (3)
A,y WY B A X S SR R HL.C B CH,
B M b ARy s Ty AR A
Y=a, X+ a,X,+--+aX,+b (4)

b Y R BRI R X IR B H L C B CH o, AU HRL
1.4 TR 56

R BB A DR AU BT B rp 3 o D R P (B PP AR DR ZE 4 0 (B RMA B AR X %

2% RS S B0 UM AL A Fa e MR AR 5 M RMA /N T 30% 7 RS /T 10%
SRR ZE (RS)
RS=[ (X vy, -2 % )/% % ] x100%
SRR 22 4 X HE (RMA ) .

1 i_Ai
RMA:Nxﬁume%
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Kb NRHEEREARRL, v, i EAY R SIE, 5, it b AR ) RO
1.5 BdEatr

i

R HI SPSS 20.0 HEATALRL T R M) AGSS A UE , RSG50 70 b s Bodl SR IR IEZS 7341

(5)

(6)
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Fig.1 The plant height of main species predicts aboveground biomass of their own populations
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M A= Pyt (0 500 BRAR K BEAE | S RN 2B S A , AR ITE P<0.05 ZKF- 43, KR4 RMA>30%,
TR 225K, S5 X AR A= ) O T, RMA BR R AEEF E AN KT 30% , U R AEEF 28 A FER IR
AL RS<10% ,iRZEEK
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Fig.2 The coverage of main species predicts the aboveground biomass of their own populations
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Fig.3 Plant height and coverage of main species predicts aboveground biomass of their own populations
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0.895, WA AEEIE TN 1 A, PeiE RECEI1 N 0.3326 (y=0.1042 x+0.2284 ,R*=0.896 ,N=18) . 6 N¥Hkk 5
5 B ) e R[] Bsf T AR | T A R R b AR R 89.5% (AR S | Ay e FE LAY B TRV M AR W i AR T
LAY

R2 TEW EEMEMUREEERE

Table 2 Accuracy test of aboveground biomass prediction model of main species

. . R
L(;{;ﬁ}}:ﬁ Igﬂ%ﬁ ﬁ;?:ﬁei R? P sﬁﬁlﬁ RMA/% RS/ %
index Main species sizes error
H AL Stipa purpurea 29 0.664 0.004 0.0173 37 -41
B Leymus secalinus 30 0.861 0.000 0.0126 33 -1
BRIKIFERE Convolvulus ammannii 28 0.370 0.038 0.0334 39 -38
WL EE Achnatherum inebrians 30 0.369 0.056 0.0415 31 =21
T TR Potentilla bifurca 28 0.265 0.016 0.0211 38 44
S BEVK L Agropyron cristatum 30 0.943 0.000 0.0162 27 -17
C HACEL S Stipa purpurea 29 0.664 0.004 0.0235 27 -6
HEL Leymus secalinus 30 0.680 0.005 0.0122 35 -16
FRIREAE Convolvulus ammannii 28 0.439 0.332 0.0136 85 5
¥ T ® Achnatherum inebrians 30 0.841 0.000 0.0314 50 47
TRFBSE Potentilla bifurca 28 0.617 0.004 0.0182 75 48
Ji BEVK L Agropyron cristatum 30 0.681 0.000 0.0258 68 64
CH AL Stipa purpurea 29 0.881 0.001 0.0266 24 8
HEL Leymus secalinus 30 0.981 0.000 0.0327 21 4
KRIRTEAE Convolvulus ammannii 28 0.784 0.005 0.0268 26 2
L EE Achnatherum inebrians 30 0.906 0.000 0.0142 12 1
T TR 3 Potentilla bifurca 28 0.969 0.000 0.0362 16 4
i FEVK L Agropyron cristatum 30 0.978 0.000 0.0145 6 -2
H:Fk® plant height; C. 35 Coverage; B:/E¥4t Biomass
F3 Httwhhit FEYEHTN
Table 3 Prediction of aboveground biomass of other species
KA bR T AP Tt AL Ay 2 P AR
Growth index Predicted population Prediction model Sample sizes
1H 8B y=0.2645x+0.2574 0.6618 0.002 24
1c 9B y=0.0279x + 0.2323 0.6087 0.000 18
1c 108 y=0.0585x-0.4727 0.5010 0.000 15
2H 11B y=0.3308x+0.5265 0.7674 0.004 14
2C 7B y=0.0858x+0.5899 0.6391 0.001 16
2H 7B y=0.2848x+0.2368 0.5702 0.000 17
4H 12B y=0.1762x+2.4094 0.5834 0.000 22
4H 13B y=0.0319x+0.0412 0.5870 0.000 21
5C 7B y=0.5262x+0.7811 0.5572 0.000 23
6H 12B y=-0.0223x+1.095 0.4285 0.002 15
6H 13B y=0.2977x+0.4468 0.5601 0.000 20

1. 5164513 Stipa purpurea 2. #{ 5 Leymus secalinus 4 ;[ D B Achnatherum inebrians 5; 34 B2 3% Potentilla bifurc 6 Jii B VK& Agropyron
cristatum 7 WX B KR Poa poophagorum 8 e F 4l 9 Elymus nutans 9 ;: 9% 3E Allium polyrhizum 10 Z R 2. Allium polyrhizum 11 v L A 2

Thalictrum alpinum 12 B BEE Artemisia capillaris 13 ; 13 3 Ixeridium chinense
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R4 HftaEsth EEMEMNREBERE

Table 4 Accuracy test of other aboveground biomass prediction models

A RKAGER TR AL brifi 2z

Growth Predicted Sample R? P Standard RMA/ % RS/ %

index population sizes error
1H 8B 17 0.7523 0.000 0.0186 23.25 -11.15
1C 9B 16 0.5987 0.000 0.0254 16.16 -9.57
1c 10B 15 0.6321 0.000 0.0312 29.98 9.30
2H 11B 15 0.4896 0.000 0.0211 19.49 -11.64
2C 7B 16 0.7544 0.001 0.0194 20.65 7.45
2H 7B 16 0.6241 0.000 0.0220 20.03 3.50
4H 12B 15 0.5283 0.000 0.0128 21.00 5.32
4H 13B 15 0.7742 0.000 0.0257 19.55 4.87
5C 7B 18 0.5001 0.000 0.0470 17.22 -9.14
6H 12B 16 0.4672 0.000 0.0532 26.50 4.35
6H 13B 17 0.6357 0.000 0.0260 25.28 -8.62

RS5 HEMEEMEMNKR

Table 5 Aboveground biomass prediction model of community

LR ey AR A8hR O AR o »
Number of species  Growth index  Prediction model

H y=5.979+4.805H, 0.288 0.000

i c y=12.011+1.582C, 0.363 0.000
CH y =3 5.647+0.189C, H, 0.399 0.000

H y=-2.879+3.244H,+2.179H, 0.357 0.000

2 c y=-8.644+0.944C, +17.915C, 0.365 0.000
CH ¥=20.119+0.100C, H, +0.764C, H, 0.428 0.000

H y=-10.613+3.340H, +2.207H, ~ 1.766H, 0.558 0.000

3 c y=-10.613+0.381C, +12.982C, +10.316C, 0.534 0.000
cH y=7.280+0.118C, H,+0.380C, H, +3.679C, H, 0.634 0.000

4 H y=-0.408+3.293H,+2.353H,~ 1.462H,-0.220H, 0.558 0.000
y=-10.719+0.415C, +12.314C, +9.593C, +0.192C, 0.635 0.000

CH ¥=5.093+0.135C, H, +0.211C, H, +3.678C, H,+0.031C,H, 0.781 0.000

bl y=-4.8+3.654H, +0.826H,~2.845H,+0.610H,, +2.130H 0.709 0.000

5 c y=-21.764+0.716C, +10.201C,+7.060C;~0.051C, +1.835C; 0.715 0.000
CH y=6.297+0.160C, H, +0.202C, H,+3.713C; H,+0.030C, H,—~0.049C H 0.821 0.000

H y=-8.515+3.638H,+0.756H,~1.770H,+0.643H, +0.798H, +1.985H, 0.821 0.000

6 c y=-22.350+0.767C, +9.528C,+6.538C,—0.113C, +0.404C5+1.910C, 0.816 0.000
o y=6.802+0.158C, H, +0.235C, H,+3.82C4H;+0.29C, H,~0.092C s H, - 0,805 0.000

0.053C,H,

BB BAR A i FE MR R S b b A W R R L TR R vh 285 1 — S PN, DL S AR
SCME N B A ORI F S R y = HOB (B 4) . PUNELS SEIME RO IAG T 1 A 22 5 R 0N 0.856, 3
LGRS y=x B ES—E RUIPNE T S E , i B A A AE
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BEREDRIEREC B u R Re e 2]
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0.339F10.097 (% 6) , FLARTE 0.58 LA 15 5 BEXF £33 o0 V= 0856+ 11.826
Rl b A W 6 0 K2 IE R BAA 1E 0.262—0.793 % N oo
[ 5 b s 1 5 TR PR L B Pl b R ReE B N=13
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2.3.2  HAth4yFh i b A= 9y WA AR IE R AL
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Fig.4 Accuracy test of optimal prediction model of community

aboveground biomass

(&7,
F6 FEYFM FEYEFNEIKERY
Table 6 Correction coefficient of aboveground biomass prediction model for main species
LN IER D . , AT KIERE bR FEA K
Growth i‘ﬁ{lﬂﬂﬁﬁi . Fitted Correction Standard R? Sample

index | redicted population equation coefficient error sizes
H ALK Stipa purpurea y=0.5873x+22.9 0.5873 0.0134 0.6410 29
HAFL Leymus secalinus y=0.6396x+8.243 0.6396 0.0152 0.7407 32

HIKIFEAE Convolvulus ammannii y=0.6176x+4.7801 0.6176 0.0124 0.1071 28

B Eh 55 Achnatherum inebrians y=0.3393x+9.0049 0.3393 0.0137 0.1358 31

THIFEBEIE Potentilla bifurca y=0.097x+1.5766 0.0970 0.0129 0.0708 28

i BEVK L Agropyron cristatum y=0.8422x+6.7849 0.8422 0.0283 0.8898 31

c LHET S Stipa purpurea y=0.5815x+9.87 0.5815 0.0195 0.4406 29
HHEL Leymus secalinus y=0.7928x+6.6843 0.7928 0.0275 0.4619 32

EIKBEAE Convolvulus ammannii y=0.262x+3.2249 0.2620 0.0126 0.0061 28

¥ Ty 55 Achnatherum inebrians y=0.634x+0.4655 0.6340 0.0275 0.7800 31

TR Potentilla bifurca y=0.3864x+1.2357 0.3864 0.0233 0.3801 28

i FEVKEE Agropyron cristatum y=0.2717x+6.4218 0.2717 0.0465 0.4641 31

CH EALEN S Stipa purpurea y=0.8821x+1.8751 0.8821 0.0361 0.7771 29
HHRL Leymus secalinus y=0.8799x+2.1853 0.8799 0.0198 0.9621 32

RIKFEAE Convolvulus ammannii y=0.6696x+1.5188 0.6696 0.0285 0.4691 28

i b B Achnatherum inebrians y=0.9322x+0.5426 0. 9322 0.0147 0.2813 31

T RFBE IR Potentilla bifurca y=0.8344x—+3.6312 0.8344 0.0230 0.9384 28

i FEVKHE Agropyron cristatum y=0.9894x+0.5469 0.9894 0.1229 0.9559 31

3 itig

3.1

BB LE AR AR R TTIN A S A AR

PR Xt F B AR AR i A N, B (EL 22 R TSI, Al REE P R ST IX B R 2 D R A RHE Y
R BB, BN AR R A 5 S BUEY R i R o w B R b A= A T PO (RS IR A, 5
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9% e SR D A2 B ( Sophora moorcroftiana) #1725 )2 1B ( Rhododendron nivale ) 5 B X HE& L [ A= W) & 10 T 45 SR
— 3 ATRES T A KRS A AR, LI SR T R L T 5 % T A A S 0 A A B e £k
PESC AR, O i 20 T T S ARHRUAS IE i R i B SR AR — e R AR T R A0S 23 (B Y i A K TR
DNIRE FRE VA b A= ik W P A0 TR e a6 Dy A 7 e ST A TS Y

®7 HfttFhih EEYERNREKRIE RS

Table 7 Correction coefficients for other aboveground biomass prediction models

LRI ?‘ﬁ‘lﬂﬂﬁﬁ e &E%é‘ﬁ( PrifEiR 2 FEA R
G-rowth Predlcl‘ed Fited equation Corr(?cpon Standard R? Sa‘mple
index population coefficient error sizes
1H 8B y=0.536x—-14.90 0.936 0.0167 0.732 17
1C 9B ¥=0.829x+0.343 0.829 0.0412 0.543 16
1C 10B y=0.514x+0.280 0.514 0.0237 0.672 15
2H 11B ¥=0.692x-0.3824 0.692 0.0325 0.584 15
2C 7B y=0.426x-0.3825 0.426 0.0137 0.611 16
2H 7B y=0.432x+0.312 0.432 0.0284 0.638 16
4H 12B ¥=0.625x+0.937 0.625 0.0156 0.436 15
4H 13B ¥y=0.78x-1.034 0.780 0.0385 0.609 15
5C 7B ¥=0.908x-0.3864 0.908 0.0102 0.501 18
6H 12B ¥=0.754x+0.4655 0.754 0.0415 0.532 16
6H 13B y=0.834x-0.2357 0.834 0.0632 0.461 17

3.2 FEYRR AR AR T AR A

FEYRRR S XS RARE AGRE S5 AR R 4 3 b A A T R SR A e, o R 0 A T 2 SR A
25, AIRERE AN R D BERERTE SR B0 W AE 7 22 5, B & M MR SRR R Z AN Y &) DT s
THOR TG S S U R T A IO SR T v, R R e e, 5 T T A4S AR
RO ZEAT R /IS, TN e T TR — X ek 32 B b bk R L A A K Fe b, RS B Xk A
PR, A TEVE AR BT 0 2 AR T = SRRt B 458 A A i 1y U DR bt Y L 00 b A B A g
FOAERG, YRR R AR bR AR A P i T, R | 26 LR B AOR O T BN A
HHF,
3.3 FEEAE AR AR BN R VR b AR

FEYFP A A A T AT AR AR i bR RERE R e 55 B A SR U B b L AR G T e
TR BN TR S A RN AT RE R R K AR AR IR R 2 R 2 A AR, T
PR — B B AR T AEAR A | BB T S Ml i WA ke 119 25 (] 5 4 B 7, DKL T Y 00 A R0HE o 1 e e
f, Bt ) T %) b SR 1 22 | TN AR AR F S A et AR B R, 6 A 2 B R S ] U e A 4 [l A
T O i RO VE M A= W i 24 90% 178 S5, RS M RS0 PR A, WA Ay v S LR W JE R 5 I 14 0 o O T
BEAY Y AR, X6 3k BE SO ™ R A R S b A e A T, AT RE 2 ERL Ay I P A R Y (0 B R Y i A
T = WA BRI RSB AR e P 4 R IR e A B A A v JE R, FHA PR v L A I A
B, TSR ] i T B AR R T B B B g R &
3.4 THIAEY )P A5

R 1999—2019 FFEMF I X I 22 4 WA Jr PR A | 76 iy FE LR B 1 MR — IR 22 2 AB1ESE
B2 ASERGT A Tm X Tm A5 A 40 RPN 2 75 2 2 /NB A2 A o DR AR el A 3 ok, P 2 R e 10 A ek
52V ERS SRR SO LI 235 SR A v e 1 T P A T LR SN S A ) i T AR SRR, 2 T SRR
ROBE TN T AR, BERIFUIN 2k B X T N 2 b i ke oo F a5 B A5 AR RS PR b A T O I, 1 BT 1A,
BN TTIE I 1724, NJTOEAR BAETT IR IG 172, B8 4 A B 7 1619 1723 (3% 8) , FEAR R i 8 A AL 44 I
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Table 8 Comparison of aboveground biomass cost between sample method and model prediction method

FERRBEA RN BT 12

Cost of capital Sample method Model prediction method
s 1E] Time 12d 1d

A1 Labor 2N 1A

#} Material B HTT GERA (FEEE R A IEVNNEDIIRTRE S
SRR Captial 14650 JG 650 JC

AL 60 4~ Tmx 1m BYEE 18, AT 9% 350 6 A7 d™!

T RS IR AR AL, TR R A 7E 2 A BTN (9 Bl AR ) i BB R AT RE S A7 22 5 2 L A3 1L vy 98

ST J R B R AL AR R Xt B SRl AR R v b A TR R 8 A XS o A
HTEUEIFRCE o B eSSl AT RE S et AR TS 3 B )32 X, B il i o — 2B T . A s M i B S A
TR AR AR 7 A W A BRARACR | WA T RE AL RO MRURE R B2 73 BE A I RURI % B S R B ) A K e
JTEHEAR TN AR i (B4R TS PP AR

Brigt: 22 MR R RO BB A B XK AN I A B S 4, Fr b 20l
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