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Abstract: Soil carbon, nitrogen, and phosphorus are crucial nutrients supporting the soil quality and vegetation growth of
temperate meadow steppes. Estimating these nutrients using hyperspectral data is significant for rapidly and accurately
monitoring soil nutrient information in temperate meadow steppes. This study focused on grasslands with three different
utilization patterns ( grazing, mowing, and enclosure) in the Hulunbeir temperate meadow steppe. Eighteen sample plots

were selected, with three replicates per plot, and soil samples from a depth of O to 30 ¢cm were collected to measure soil
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carbon, nitrogen, and phosphorus contents as well as hyperspectral data. Models for inverting soil carbon, nitrogen, and
phosphorus stoichiometric ratios using hyperspectral data were established through Back Propagation Neural Network
(BPNN) , Random Forest ( RF), and Partial Least Squares Regression ( PLSR). The optimal model was selected by
comparing R and Root Mean Square Error (RMSE). The results showed that; (1) The RF model performed excellently in
spectral inversion of total carbon (TC), total nitrogen ( TN), and total phosphorus ( TP) contents under the three
utilization patterns ( R*=0.4433, RMSE < 12.0604 ), followed by the BPNN model. PLSR was only applicable to the
inversion of TC, TN, and TP contents under grazing; (2) Under grazing, all three models performed well in spectral
inversion of soil carbon-to-nitrogen ( C/N), carbon-to-phosphorus ( C/P), and nitrogen-to-phosphorus ( N/P) ratios
(R*=0.4144, RMSE <65.4081); (3) Under mowing, BPNN performed well in C/P spectral inversion ( R*=0.9916,
RMSE=7.0938) , followed by PLSR. Only RF performed well in C/N spectral inversion (R*=0.7749, RMSE =0.3028) ;
(4) Under enclosure, all three models performed well in spectral inversion of C/N and C/P ( R*=0.4462, RMSE <
24.0289) , while only PLSR performed well in N/P spectral inversion ( R*=0.7172, RMSE<0.8171). Overall, this study
suggests that the RF model has stronger applicability in the Hulunbeir temperate meadow steppe region. The findings aim to
provide theoretical and technical support for quantitative inversion of surface soil carbon, nitrogen, and phosphorus in

temperate meadow steppes with different utilization patterns based on hyperspectral inversion.

Key Words: temperate meadow steppe; grassland utilization method; ecological stoichiometry; hyperspectral inversion
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A, MO AR HEBARAE , RO e P BT DR AR, B R e i A, T 0—60 em
LR AR B 22 SN TR TP e e AN R RIS L R 0—30 em T EJ7[0) FIE W2 5, HLAh,
ASBIFFE N F R -9 TP 55 a0 2 vE T CHOR L 33 P AR R PR S X1t - S8 LG 1 e A A T
S, B U W RIAE A T E A AR AT SRR TR A SR AR 1

R1 A AL EN T IEESHFTERERBENRESE

Table 1 Model accuracy of inversion of soil ecological stoichiometric characteristics of three grassland utilization methods

i) A etz LW TC/ (wke) RN/ (g/kg) 28 TP/ (g/ke) BRALL Bew L AW
Model Land-use type Index Total carbon Total nitrogen Total phosphorus Ratio of C/N Ratio of C/P Ratio of N/P

BPNN idie R? 0.5957 0.6494 0.1636 0.4144 0.6911 0.8592

RMSE 3.3669 0.3691 0.0271 12.4206 45,6567 1.9686

M R? 0.8849 0.8394 0.5940 0.1031 0.9916 0.0034

RMSE 4.4582 0.3980 0.0645 1.8374 7.0938 2.5418

i2E=) R? 0.9788 0.9975 0.5609 0.9998 0.7085 0.1498

RMSE 2.9943 0.2598 0.0214 0.7423 12.2873 1.6103

RF T R? 0.4433 0.7370 0.9685 0.7194 0.4939 0.7101

RMSE 47374 0.3326 0.0236 8.2885 23.9021 2.6856

M R? 0.7825 0.9663 0.8873 0.7749 0.1780 0.1775

RMSE 12.0604 0.3544 0.0380 0.3028 27.9580 2.2147

iEE=) R? 0.9791 0.9362 0.9690 0.6347 0.9243 0.0006

RMSE 1.2577 0.3251 0.0111 1.4412 22.3929 2.3181

PLSR i R? 0.7357 0.7286 0.3556 0.7428 0.4347 0.6053

RMSE 4.8458 0.5571 0.0321 7.4431 65.4081 3.3151

M R? 0.8305 0.6351 0.1488 0.1031 0.4378 0.2958

RMSE 6.1688 0.5623 0.0531 6.7805 24.4297 1.3875

(k=) R? 0.8769 0.0910 0.2016 0.9998 0.4462 0.7172

RMSE 4.2548 0.5058 0.0289 7.2323 24.0289 0.8171

BPNN . [ [ &% 22 M 4 Back propagation neural network ; RF ; FiHL & Random f()rest;PLSR;ﬁﬁ%’{d\:%[iluﬂ*ﬁﬂ Partial least squares l'egression;Rz; PerE ZEL

Coefficient of determination;RMSE;ﬂ‘] TR Root-mean-square Error

AR LR S R B R B T AR LR A DG AR 1 AR 5T X 3 3R A AR
AHIFE b [ 5 b A 2R B R [RIVR B T35 /N S TC B 2% 5 (P>0.05) , KW 158 C/N TEAS [ FREs 4 {F 1
I HARE X5 Bui Y S57E BRI AT 245 R — 30, 30O i TR AR SN L3R EE h LF 2[R 4
AR T A W o A AT ek R v TR ARl A S ) th A 7 — I ARG (361 52 19 ERAEL, i A 8 /N REZE 7 A
XifasE ' 3 C/P (E AT DIAREL H3 b B Z 00 R L BE 1, C/P (BN, 3R B IR AE bR AR oY
55 5 507 LB 1) M 2 A S s T R DR A R el D T T Bl kT s B R R SE AR B
A 3 P A B T4 w0 - S A AL BE 1 iU O B ARt A e 5, OB Y 358 NP 3G, T ¢/
P, PTRESE U T A W B AR A ER B 3 ik 3 208 00 -+ 3 ik W A DL b AR PR
3.2 OGS S Y R 2 5 R AR PR

T OGS H R TR AR B AL [ S 2R S R, BT AT R 2 S8 IR & (RIS kR
HERIAR A5 ) S i B2 R O R O 2OA [ 3 1 A 22 S B B B A . A ST X A HEAR S AT
AT RS ok s A 3L 7 2 A N AT OGS R SR AR I X SRR G S A R AT T SG P A — B o
e, 0 28D T 18 AR B T UK AR A DR B U R 2 P e T R S R S e A R
B A2 YRR AE 22 ] A AR O

MFTA S TR A BRSBTS R E BRI T (R 2) , AN ER X T [ S A =
AR R B A SR AR 2 R AR ST 3 TC A =AM RIS IE RS FE R4y 13838 i T 0.5000, 2
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IREN T AT AE 7, 13 TN B9 BPNN A1 RF AR 75 4 4 ) T R4 SR, 3R TEAR AL ) R* 34 15 T 0.6000,
RMSE /I F 1.0000, 3% 51 A FBFFE 25 SERA— 520 B 4 /i & YeisH AR BEASHAT IO A5 3 + 39 TC A IN;
P 5655 1 Mouazen 557 AT 25 - 2 W, BPNN 5 PLSR #2734 AR S 3 1 488 TP &5 i, Wi AW 5% h
AN TR B A 20 &1 38 TP 3 8049 PLSR #11 R” A 0.1488—0.3556, #l A ME#E 22 | RF FL R 81 0 o 4
XA e 507 X I S A 3204 O | P 1506 2 NP IR 98 0 T 2B ey = VT R X, 3828 2 30 2 P 3K 4 A
fi] £, MAHIF T X A 58 L S48+ 5=

F2 TREBTFEENIARNERRERR

Table 2 Common identification index and model table of different types of soil

bR F-gEke hE BB ¥R A 275 30k
Index Agrotype R? RMSE Model References
TC i fa) 0.8100 8.7570 PLSR [54]
0.8600 7.6310 BPNN
TN B 0.8300 0.0800 RF [61]
T 0.8000 0.0100 BPNN [53]
0.7000 0.0100 PLSR
0.6500 0.0200 RF
TP Bt 0.6250 0.1960 PLSR [25]
C/N i) 0.7000 1.5310 PLSR [54]
0.7700 1.3820 BPNN

s R BRI ROEOSCR L BT R A LA E SRR B O R R A LA
T S AR A S AT s IR AR SE . ASWFFE K BR, e i H AR 3 C/N A BORE B 22 A Kk AR
R B R 439 C/N % B G fe AR 431 PLSR RF A1 BPNN ; PLSR A5 76 of = o 0 iy A1) F 2 0 +
HE C/P FINACR 8 2%  R*¥/NT 0.5000, RMSE K T- 24.0000, RF #7 [1) RMSE {8 11,345 T+ 20.0000, 7] fig
B PLSR 1 RF BEAURE A 18 C/P (9503, 1 BPNN {GE H TR B B b i 3 C/P B9 S, ERE ALY R
4 0.9916, RMSE & 7.0938 ; %+ N/P (%) S i ACR , BPNN #EAUGE A H F 00 e, PLSR 58 FH T [l
M X)) b ) 4 NP S R AR R e AR AS FEAR

25 I RF AR AS [ 5 bR FH S B o R BN L 55, AR B T LA v 4 5080 P RO A S8O880 1Y) i K R 4 e
JIRAEAL PR 2 Te Sk Bl A b i) 22 S SR 2R PR Y R AP ROR . ASBF9E 8 I = A i BPNN Fll RF 25 T K
BEABIR LA | 2% 3] e 7k, b g7 B e 0 WU BE 7, R T - T R O R,
Hor RF R REGS IR IR A5 5 R A 52 EAE Y, T PLSR 2454 SURUAH 56400 | 1800 20 B R 2 Je e M 23
5 vk SRR A BT i T AT 2 AR A A A A R T - A R R AR A RO k2 —, 5
TEAFFE H PLSR AR (A B RS, 7T BB DA A I ORE sS T B4, R 1B o 2 S o, i - e
(2 SRR R i PLSR ASERY T X 5 5 40 22 S AR R O REAR S A I, BB 1 A0 0 o M A AT 0 T AR A
TG B, AR I BB S B A AR ARORS | D S SRR e R S A B A R |
G PR ARG, MOVF 58 B AT 1A A FH R G E R0 R & B RO AR B S B T B A TR A 5 1 LAk TR
AF I A AR ) SR I B R JE Tk B ISR A i D4R e A R A ST P e e P RORS 00

4 #ip

A5 &I, BPNN RF F1 PLSR =R AN [ F1 ] 5 20T 3 me | & WA Ak 1 R ik S s 0R
FAPE2E 5, RF BB =Fh A 70T 20 (TC) 2 (TN) (28 (TP) & & OGS SO A L5 R (R =
0.4433 ,RMSE <12.0604 ) , BNPP # AL MK 2 PLSR {GE H TR A 78S TC TN TP & & [/ &, ik
R 0T, 2R - A L (C/N) BRBELL (C/P) VA BE L (N/P) Y6 A R IiF £ M (R* =
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0.4144 , RMSE <65.4081) , X[#IFIH T, C/P B RE h BNPP R R 4f (R*=0.9916, RMSE =7.0938) ,
PLSR ¥ Z,C/N St s i i RF RILR4F (R*=0.7749 , RMSE =0.3028) . FlEFIHT , ZEAXS C/N . C/
P ({3 S A B2 ( R? = 0.4462 , RMSE <24.0289) , 1fii N/P B GHE 52 3 1Y PLSR M B I (R* =
0.7172 ,RMSE<0.8171) , [ R A H 75 3 F 45 L3RS brade BUA 18 19 S AR AL B A 4R 1L 4 /= 498 P i AU
Er WAG RS R BRI 5, ARF ST AR R AR RAE 42 DT 2 Y ) e JE DX EL A B i 32 3
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