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Abstract: The aim of this study was to investigate the energy fixation and allocation mechanisms in meadow steppe
ecosystems. To this end, we systematically analyzed the calorific values of 36 plant species growing on the Erguna
Meadow Steppe, Inner Mongolia. We analyzed variations in calorific values and energy allocation patterns across
plant organs, functional groups (Fabaceae, Poaceae, forbs) , and hydric ecological types (xerophytes, meso-

xerophytes, xero-mesophytes, mesophytes, wet-mesophytes). The results showed that: 1) The average calorific
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value of the 36 plant species was 17.31 kJ+-g '. Among the plant organs, fruit had the highest average calorific
value, followed by flowers and leaves, while stems had the lowest, with all differences being significant (P<C0. 05).
Among the major families, Fabaceae exhibited the highest calorific values, significantly higher than those of
Asteraceae, Ranunculaceae, and Amaryllidaceae (P<C0.05) , but there was no significant difference in calorific
value between Rosaceae and Amaryllidaceae. 2) Among the functional groups, Fabaceae had significantly higher
calorific values than Poaceae and forbs (P<C0.05). In Fabaceae, calorific values were significantly higher for the leaf
than for the other organs (P<C0.05). In Poaceae, the calorific values of the leaves were higher than those of the
stems; in forbs, the calorific values of flowers and fruit were significantly higher than those of stems and leaves (P<<
0.05). 3) The whole-plant calorific values did not differ significantly among hydric ecological types (P=>0.05).
However, except for meso-xerophytes, all other hydric ecological types showed significantly higher calorific values
for flowers and fruits than for stems and leaves (P<C0.05), indicating that calorific values in hydric ecological types
respond significantly at the organ level. 4) Whole-plant calorific values were significantly positively correlated with
carbon content, suggesting that carbon content is a key factor influencing plant energy storage. Similarly, calorific
values of plant organs were also significantly positively correlated with carbon content, but the strength of the
correlation varied among organs (flowers™leaves™>stems>>fruits) , with the strongest correlation in flowers (r=
0.91) and the weakest in fruit (r=0.79).

Key words: meadow steppe; calorific value; plant organs; water ecological functional groups; carbon content
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F1 NEHERAEREYIIRHESE
Table 1 Classification of plant functional groups in the meadow steppe of Inner Mongolia(kJ-g™)
B A RERE Koy 2T R
Family Scientific name Functional group Water ecological type Average calorific value
Akl Amaryllidaceae Wtk Allium ramosum F XM 16.84+0. 37
4t 4k A llium tenuissimum F X 16.6540. 17
JBIE B} Lamiaceae ZL IR IT Schizonepeta tenuifolia F 16.9640. 39
T Ft Legumes EH 75 Medicago ruthenica L MX 17.52+0. 39
FEARMR 85 1€ Astragalus melilotoides L MX 17.7940. 29
e 0t B YL B Thermopsis lanceolata L M 18.2440.41
Wi 5. Vicia sepium L M 17.85+0. 25
2L Astragalus larmannii L MX 17.6240.53
RAFL Poaceae HL2K Poa annua P M 16.9840. 17
MEFE Stipa baicalensis P X 17.78+0. 23
B BT 5 Cleistogenes squarrosa P 17.46-+0. 00
15 5 Koeleria macrantha P X 17.25+0. 33
2L Leymus chinensis P XM 17.4840.24
VSR R 3 Achnatherum sibiricum P X 17.5440.37
i Bt Campanulaceae KAV 2 Adenophora stenanthina F M 17.4040. 25
458} Asteraceae W] /R Z& M Gk A6 Aster altaicus F MX 17.4040. 24
W Artemisia argyi F M 17.8840.00
X T Artemisia pubescens F MX 18.0040. 05
¥ Artemisia scoparia F XM 17.55=+0. 40
R Artemisia frigida F X 17.9240.32
S Artemisia tanacetifolia F 16.9840. 17
iR 46k Klasea centauroides F MX 16.90+0. 29
Bt 8 Artemisia dracunculus F M 17.73+0. 36
FF} Polygonaceae X453 Koenigia divaricata F XM 16.560. 26
£ KA Ranunculaceae JERAEE Thalictrum aquilegiifolium F M 17.24-+0. 31
4t 4 3k 5 Pulsatilla turczaninovii F M 16.22+0.17
P HEL Rubiaceae Y T3 Galium verum F M 17.20+0. 24
ARl Rosaceae ity Sanguisorba officinalis F M 16.3040. 57
TS Potentilla bifurca F X 16.6540. 35
B2 Bz 3% Potentilla tanacetifolia F MX 16.49+0. 32
DJEF Apiaceae 2458 Buplewrum angustissimum F X 17.8140. 39
i W Saposhnikovia divaricata F 17.294+0.59
P HR Cyperaceae SFEE Carex duriuscula F WM 17.31+0. 31
XK ZF} Scrophulariaceae K5 e Cymbaria dahurica F X 17.3440.41
% B F Iridaceae it 5 R Iris tenuifolia F 15.7940.77
K5 F} Euphorbiaceae FLI KK Euphorbia esula F XM 18.530. 00

W X AR s MX b R A XM R AR s M R AR s WM IR A R 5 F 2 2828 R PR RS L SR B0 O P 308 A v 22 38 0 i
H TR bR AR R 2D T AR LA o 25 0

Note: X: Xerophytes; MX: Meso-xerophytes; XM: Xero-mesophytes; M: Mesophytes; WM: Wet-mesophytes; F: Forbs; P: Poaceae; L:
Legume. Data are presented as mean= standard deviation. Standard deviation values are missing for some plant species due to the lack of corresponding

samples in the plots.



5 35 5 6 1]

HOlL 224 2026 4F 17

kI-g ' ZE PR 2 09 T A W) Bl b SR (B B R . LR R iy
PAH N 16.22~18.53 kl-g ', FL W KRk S EH s, N
18.53 kl-g ', #{H S B 52 E A4 A (B 1) o A
SE 1 36 Fi A ) A B A A AT 4 R R, AL (18, 39+
0.58) kJ-g " JHY P F i, HOJE B[ (17.9440.78)
kJeg TS5 M [(17.5140.76) kl-g '], 25 [ (17. 11+
0.58) kl-g "I Bl e Ik, 7 25 3 BT 45 2R R W], 0 7
A ) B AR R B 3 25 7 (P<<0.05, 8 2).,

R4 ) B B JE K 36 BhkE 4 4> R 15 A AR
BN B 7 A E R (R R R D 20 (ALY
PAEHEAT 7 225007, R 2 A HE . RS F) RAFL(6
Fr) A (8Fl) FEALRH(3FP) RTER(2Fh) B ER
(20 AR RN IL 28 Pt By . S5 EW] LT F
TR R 4 SAE 0 A G Ry SRR (17,86 kI
g D) >R (17.63 kI-g ) > R AR (17.42 kJ-
g D=%F(17.42kJ-g VY >FBHF(17.04kI- g ') >
AFafh(16. 74 kI g D> MRH(16. 50 kI-g ), Hf
CRHEYMAE SRR ZR AR E AR E R TH
fib 5 B B (P<<0. 05) , 1ii # 2 BH AL 9 1) FA M 5 A 5%
Rl 5 A0 (P>0.05) {0 8 A8 T HAb 5B,
RATE I B AE P 0 FAH TC B 3 25 = (P>0.05) , H
A 5A F LRI A B T S AF A 25 RN 3 (P>
0.05) 45 R (A 3).

2.2 FREMEEEL ZEHRMASN

i LA A, AR R 4y ol 3T RE R TRE .
KRB Zdem, PRSI 2 22 2 B (25 Fh) ,
WRARFL(6FP) , D T RS TP ), )y 250 M4l SR 3%
B, AN [R) 2 BB AFE =2 11 1) A ) A A7 24 40 1) HE Y ol TR
(17.86 kJ-g ') > R % (17.42 kl-g ') > %% 2K ¥
(17.14 kJ-g "), TRHE Y A8 Je g, B35 5 T HoAlh
PP T RERE (B 4), Hrb, R RE eI 3284
Py AE 3 2 B 2 25 R (P<<0.05) .

W 36 Fh ALY 43 L 3T RE R (R R B A4k
RO MEATRE Y EEAE (G ok A R ME ST Ty
227 M 45 R W] AN F T e A AL A 4 A 5
HEME, SRS IR B DA e A AR i AR e
25 0 LR A S 1 (B 5) o AN TR T e 1 A
[l 2% B LB b & B, BR AR LA A 2% B BV 38 5L 3

{4 Mean=17.31
Fr#E I 2% Standard deviation=0.60
12 - ) Fh#L Species number=36

# % Frequency
»> o o o

\S]

0

14 15 16 17 18 19 20
#H Calorific value (kJ-g')

1 AEHEGEREYRESMRE
Fig. 1 Distribution frequency of plant calorific values in the

meadow steppe of Inner Mongolia

19.0

,_.
o0
W

——

o

18.0 -

HO

17.5+

17.0 -

16.5

A Calorific value (kJ-g™")
oL

16.0

- Leaf  ft Flower % Fruit
T %) %% B Plant organs

2 NEHEAEREYSEERESR

Fig. 2 Analysis of calorific values in plant organs from the

2 Stem

meadow steppe of Inner Mongolia
RRING T8 TR 22 7 8 % (P<<0.05), F A, Different lowercase letters

indicate significant differences (P<C0.05). The same below.

18.0 a
£ ab
o : I
21751 2 b |1
© 1 CE
o c
s T
>
2 17.0 cd T
B T
2 d
S 165 I
o
16

HR SRR AR R FEA AR B R A
Ast Leg Poa Api Ros Ama Ran
#l Family
B3 FTEMHRESHR
Fig. 3 Analysis of calorific values of major families
Ast: Asteraceae; Leg: Legumes; Poa: Poaceae; Api: Apiaceae; Ros:

Rosaceae; Ama: Amaryllidaceae ; Ran: Ranunculaceae.

S (P<<0.05), SR Ay ZE A $E 2 B 35 8 TR 5 488 (P<<0.05) ,, SR S RE R R IE L B H 27
(P>>0.05), MZRERRIENEZEH T OS5 KRE(P<0.05) ., it ths Rit—2 kW, 7EF—INferE R
RIS B LA rh, SR B T 2 T HA 8 B (P<T0. 05) , AR FE 22 90 M mh 30Ul 0 38 5 T 25 (il ( P<<0. 05)



18 ACTA PRATACULTURAE SINICA (2026)

I H At 2% B 22 18] 906 8 3% 19 25 R (P=>0. 05) , 442k
FN R D ENREES BRSSP
0.05)

2.3 TRIRSES B G AL M

SBUE /RSP O Na o S B B Y i 7R o i
IR ASTIReRE . FAEMY P RAEY b AR
Yy b A AR AR A R, e th A AR (14 RO FN
AR O FR) A XS5 £, LA A (7 ) Fn S ep A
T (5 ) AH X4 /0, T v A= A AN 1 Rl o T 22 4%
Bl 2 45 5L R W] AN TRI K J3 A2 285 28 AL ) e AR ) Bl
S 1 Sk SR AR, v R A R ) AT AT T Al T
FE LAt Dy BE R 00 R 4 I 422 00, 3R W L g i 6 A OR
W T 7K A B ) i 107 L (] P AR A AR A B AE AN
KA AESREREZ H L 2B W H 2R (P>
0.05,/&6).

W5 36 FiRE 4 3 T K 432 258 v EAT R4y, PR
WA R ST R R RR , ERE TO A A ST K
STAEATIRERE (R o R R op AR IR T
BLERE (25 nf 8 RO BUE AT 0T . ARE 2508
GER KK DI RERE Y R I B A HAE S TE 5
AE o AH[E S E N [F K 5 D) Re e 2 1) Rk B B
PLAR G #8 B 2 A W3 (P=>0.05) , A 1)
APV W TR S DU RERE AE SR B AL R B
AP SR HAETREZEF(P>0.05) B EET
T AE R P (P<<0.05) , DA 2% B BB 7K 7 19 43 A R AE
R, ZE A fe R A AR 5 i AR SR R R R
A A W) 5 A6 A B e 19 Sk SRR AR R S BRE B Y
R . Gt Mgl Rtk — A R A TR — T g
BT had Brpdg BAEMY T L RIEZ T
#2257 (P>0.05) 40 8 & & T 221 (P<<0.05) , 1M h
BAMPE R A2 8 JC B E 2% 5 (P>0.05),
H i FE TR (P<0.05,K 7).

2.4 HYMBEHALEHASETHEEESN

T RGN Sl R R A ) R AR E A S
B 5 B B 06 R, AS BIF 5 X0 AR )R i EAT T e R
FE o 36 PR A 0 A A S e A R DG 4 BT 45
RWoR 2 I R IE S R B R R IE A G
(P<<0.01), R Ay # Al 5 e & & 2 B 2% 1FAH 6 (P<
0.05) , HLAH O o B 52 B i R S v IR W AE (=
0.91) > M (r=0.82) > Z (r=0.80) > H (r=
0.79) (1 8).

Vol. 35,No. 6
18.0 a
—_ T
= 1T
&
=2 17.5¢ b
1) %
= c
S I
2 17.0f
B=
kel
S 16.5¢
o
16.0

B} Legumes K& Poaceae 245 Forbs
)REHE Functional group

B4 ETARINGEHMREST
Fig. 4

functional groups

Analysis of calorific values based on different

19.0
R Aa
on
: 18.5 él_a Ab—I_
ES; 18.0 Ba —I_
= Ab Ab
s Bab
o Bb  Bb| |Aab Ce
i= Bd
2 17.0
<
O
2 16.5
6O—Z e Zwa®  EMER
TR} Legumes K% Poaceac  2425HE Forbs

T T RERESS B Plant functional group organs
Bs5 ETARMBEHSRENRESN
Fig. 5
different functional groups
KRG e [ — 28 T T AR R 0 B I 2 5 3 /N 5 6 2 ) —
Uy e BE N AN [ &% B ) 2% 5 @ 3% . Capital letters indicate significant

differences among functional groups within the same plant organ,

Analysis of calorific values based on organs of

whereas lowercase letters indicate significant differences among plant
organs within the same functional group. 25 : Stem; I : Leal; 7€ : Flower;
W Fruit. F[A. The same below.

,_.
e
93

—_—
—®

,_.
<
~

—_—

172

._.
N
w
T T
—_—
L m—Y

17.1¢

#AH Calorific value (kJ-g")

17.0 L ! L ! .
MX M WM XM X

Ko A2 25 25 1Y Water ecological type
E6 EFARKSESHEFNBES N
Fig. 6 Analysis of calorific values based on different water
ecological functional groups
MX : 1 A A ) Meso-xerophytes ; M : H1 25 1 #) Mesophytes; WM : {2 H1
A H ¥ Wet-mesophytes; XM : 52 H1 Az #1 4] Xero-mesophytes; X : 54 48
¥ Xerophytes. T [i] The same below.



55 35 B 6 W Ol 2E 3] 2026 4F 19

3 itig _ 200¢
195} N ag
AR T i B4 3 U SE T 36 R 6925 0 2 ol A
N N g ’ Kl A
A6 A, BFSE R BL T I RERE K 3 A 255 4 3L 2 1ss) apiP? i T
Bk S ) W R T E KPR 6 B 2 sl G| I
P 7 ._.o i Aa 4
2 5 4RO ML S 75T ae[ || anc] || ave -
FEAN R A TG R BEBE T, S BHE W) 19 e 1t 6 17 g g 17.0F
O3 W T AL I RE R, TR 5 B S 165 % mme  ZMaR ZNER  ZVER
e n ey e M XM MX X
GEAE A R LR 4 2 ORI 2 A D 1 B A I g
%*ﬁ;’ém: R e E%Jriﬁ%’ﬁfﬂﬂ%‘ﬁ%%l 1 A5 ) I fig Water ecological functional group organs

B7 EFARKSESHEHFNENSEREDIN
YRE Al 2% L ok . o S RE A
ORI 5 U O T A A ) R O I A Al B Fig. 7 Analysis of calorific values in plant organs based on

B AR AR A I D) R T O £ A A 2K 25 4 X e i different water ecological functional groups
(4 25 RS 172 s e 0 B A 1% L T B R OR R I R B ARG F R — 8B R AR K SR SR H] 22 57 1 3% R R/

oH VB A S . N e e B 2/ R RO R — KA A SRR RN E 8 B A 22 55 B % . Different
TR 2 E‘,ft s s 2 FE S B M: He 1 ﬁﬁa capital letters indicate significant differences among different water

Oy, H, OB ORE ZeRE 3R R B ecotypes within the same organ, while different lowercase letters indicate
. . _ significant differences among different organs within the same water
5 (P<<0.05) , Je W 1 738 1 B 85 5 7 op A (] 4 10 B9

ecotype.
fie 1 43 B AU A AL ) o
46 p<0.01 48 Pp<0.01
R’=0.64 R’=0.67
« 45} =080 = =0.82
2 y=21.419+1.321x S 4T 3=19.096+1.43x |
% 8 =) %é 8 i~ 44 +
W2 43t 82
5 5
O ° @) 42 +
42t ). < o®
41 . . . ) 40 n . . .
16 17 18 19 16 17 18 19
2 H Calorific value of stem (kJ-g ') I #4E Calorific value of leaf (kJ-g ')
481 p<0.01 471 p<0.05
= R’=0.83 = R’=0.62 .
= 47r r=091 . = 46| r=0.79 .
IH 8 & y=23.307+1.22x ® e $=29.213+0.862x
LS5 461 ass
BZz B34 P
=} o
RES 4| =
Q ®]
wml o, e
°
43 . . . 43 . . )
16 17 18 19 17 18 19 20
1£#H Calorific value of flower (kJ-g™) RAJH Calorific value of fruit (kJ-g )

8 HEYHRERESHKSENEXRMESFT

Fig. 8 Correlation analysis between calorific value and carbon content in plant organs

ZR R AR PVELIR T RE (B SEE A0 3 T SR, 3 SO R b K T RE ™ A SR A Y
EAE TR, 3 — & BUMERE 1 Ml 76 A0 ] B R VBT, AN W) W0 R i A 25 S REAF 70 2 35 22 57, O AR 28 R GE RO RS 40 AL
FERRME T AR W B R R T 1 S R O BE R R AT AR B AOAE T . ERR S R RORE Y LA A e, LR
R SRR o A A — B, X U W] R AR e S A R e R R A RCR R ROt A i R
I R G B 2T A A R T AR R BE A AR AR T () I 3 W AR AR B R P RS R SR L R
LAE B2 i A4 RO SRR, SCRA A IR AR K 3k — R BN SR & e B 22 AL AT B R a8 i

pusai ]



20 ACTA PRATACULTURAE SINICA (2026) Vol. 35,No. 6

SERE A W) 5 BE Tk 418 A A B A 5 AT 2% 288 A ) ) R o et e Y < SR GBS T o, R S R = i TR
WFH 3 45 2 2 BT O 22 78 A 3T I O 1 iR A I A I 1Y BT R B SR A (] o B e B 1 4R v e A
PRI HC X SR A A AR O ST A0 E SR S R 2 S T RE R T A AL 3 A IR T B Sl R RIS 0 M S A3
AR HAE S O S, 38 3w P AL G Gtk R AL 0T DA Ak 35 58 A 3, LR 5 U3 R SR A 06, T 22 28
7 5 UR 32 B A= 858 v A 1) T 1) BEGE 4% A0 2 A RE A LR AR RE SEORT B, RS Ok i R e T
AEREVE AL I A 20k R AR 17 2% 288 R 0 R 43 S R =>4 = i => 25 W 7 Tk A AR 7™ 0 i T 4 2

MK G RS D REREDLA R, BT ABIF 9T 20 0 1 A B R PR AEL 2 31 0 AR R 48 /s AL 0 45 B 7K - ) i 17 3¢
W% o 7 AT A FE SCRR b, AN TR] 7K 0 DI BE R 0 1) 8 Bk BAV (L 22 ) AN 77 7 3 2 e (ELAR W 5 40 e BRAS T 7 A 25
KA R 2% B BE Z R AR 7R A 0 35 22 5 (P<<0. 05) , HK 73 AR A5 R 4% B o 1o WL A 0 — 2D B ik 1 B 2 70 1T
F 3 IO A AR BT R A A A R L X T A AR A i 3 L SR I, R S I 3 T A R A A A
PREERP AT 550 T IAETG SR, X S AR 1 BE A BRERSE T A0 A IR B s — B M e e v T %
BH g B AR R A T R 5 i AR A v S R AR AEDE [R] R BE AR O ST 2 L =, A R AR SR B R r ERR ARE T Ot
AAE T 5 0GB AT R R (3 R AR KR SR DG, S e T AR E A B b i R I R A A s o B AR S R b AR A
I PR i R AR R (17,55 kD) P A R I AL B E— 26 T (18.89 kg ),
e W] v S5 SR 30 T R ) T B S o 50 T BB A A e R e S | AL I R A S L X S R R Bl X
L 58 SRR W] AN Ao PR SAC(EL TP A 0 00 K 23 T 4 i 7 A T R 2 1 i OC B 1 4% B K AL LA

TERT S0 5 $E 9 O 2R b 1T AN BIF 58 2 BUAE ) 86 R V(B 5 k5 ik B2 B 5 R A OG0 R IR 3 2 S T A
W RE B A A7 1) SC BE SRR, ASBE ST R WY AW 45 B V(RS o B )RR 28 W 38 TR G, (EL AR O PR 8 JBE AN [] (HE = >
2> 0 s R T R e Al e SR A B R A P ORI LA g 22 S P 2 B R A DG R TR S BT AR Y
AE 2 43 WL S8 SR AR DG, i AR S e G MR A0 fn B 0 T BSR4 3 AR T, SR P 5 e & o 19 A Gk
555 U 55 R S P AR 0 B 2 AR A G LR RS S 01, L 5 o R e T AR SR S (R I S T BRI, X T i
DAL 740 T IS AR () 7 A 25 5 R B SRS AV O TG 2 R R SR SR T MRS, 1 g IR W 58 A R R 1Y) it 2
AL A P00 2. 34 A HC A 5 o 35 v TR K A A, T RE IR T M 3 AR v A M) i R SR

ASBIEFE X T U B e A XU R 7S - — 5 T, SRR I R 2 2 R S e (B R IR S A R )
JURT BE 1 i 2% 2 e B AR Y RE B R AR LR A S R GERE B AR E M, 0 T AR A W B RE T R A A I SE R T Y
W A8 [7) IR 07 322 % A5 a8 WA 3k 86 485 AT 23 X A A9 B B R RE SR A0 AP A 7 A SRR IR 5 5 — O T, R REZE A AR
FAAFL AT T R G A A e 1) A o (A 25 %, T3 45 45 I RVIEL D0 P i HOR s (4 1 25 0 EE ) S RS 40 A it
BRI A B0 e T S 1) A SRS ke S W 2 SIS e R S LA AR R ARl R SRR (] I S SR IO S AT SRR
T B it B, 3ok 86 T BB B T A% G LURE AR A 57 0 D R B BRAE A 9F Bl R U 1) ¢ 2 25 S AR R TR T

4 Hit

AHEFE 30 3 B8 R RS TN B2 T A BE R L 36 Rl A A4 RE B4 ISR G L HR R TR T RERE 5K AR
538 I PE TP e A AR U AR AL TR B 0 e . A5 OR R RS ORBELUE SR AR (25 M) 0 R B A AR
ALHP E R R PVE (18,22 kI g D) B & T4 (P<C0. 05) , H s ek v 5 20 A8 [ /U DA O ; 22 28 5 )
WS o B g (4 B AT fe e, B (18. 54 kI g V) B T 2R 5 R B (P<C0. 05) , 1A 30 H % A Fa i
AR BRI BB AR B SR o K a3 I N PR HE— 20 BK Bl 2% 0 fE A 43 WO e R, AR AR R S A e (19,54 kg ),
i AE B 1 A AR AR (17,59 kI - g 1) iy v 5 A g R e A A ) O SR Ak K R S AR R (17, 55~18. 89 k-
g 1) R P AT R T R B A S R 45 SVE S B R R R IE A D6 (P<C0. 05) , A e MR
JEAR RN AE (r=0. 91) >0 (r==0. 82) >Z5 (r=0. 80) > (+r=0.79) . A5 I B T 5 ) 5L 57 AH ) B ik 0 F 1) 4
BORCEESE R ML, A AR S R e Al i MR U 1 R R AN A W T B R (i SRR AR ) Kl 25 Ak A
WP 52 SR s AR PR Al ] EsF R 4 20 5 D B AL 8 A AR A 7= I S T e 25 S AR R R T RR M B AR R
JEE I 5 A fif BT AL 0 S 35 3 7 SR G v 1 S BEVE o



55 35 B 6 W Fll2F 3 2026 4F 21

£ % ik References:

(1]

[2]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Bardgett R D, Bullock ] M, Lavorel S, ez al. Combatting global grassland degradation. Nature Reviews Earth &. Environment,
2021, 2(10): 720—735.
Zhao H L, Zhou R L, Zhang T H, et al. Range vegetation, and its characteristics, ecological-problems in the northern agri-
pastoral transition zone, China. Chinese Journal of Grassland, 2003, 25(3): 2—9.
AR, S s, TR 2y, AL TR T AR A B Y R AR BB R IR SO A AR R . P E R, 2003, 25(3): 2—9.
Lewandowski I, Scurlock J M O, Lindvall E, ez a/. The development and current status of perennial rhizomatous grasses as
energy crops in the US and Europe. Biomass &. Bioenergy, 2003, 25(4): 335—361.
Yan P, Xiao C W, Xu L, ez al. Biomass energy in China’s terrestrial ecosystems: Insights into the nation’s sustainable energy
supply. Renewable and Sustainable Energy Reviews, 2020, 127: 109857.
Pan Q M, Yang Y H, Huang J H. Limiting factors of degraded grassland restoration in China and related basic scientific issues.
Bulletin of National Natural Science Foundation of China, 2023, 37(4): 571—579.
WRE, Hocs, s . 3R Ak R S Y R BT 200 2 e g B Al Rl 4 R . p R R R 4, 2023, 37(4)
571—1579.
Li B. The rangeland degradation in north China and its preventive strategy. Scientia Agricultura Sinica, 1997, 30(6): 2—10.
B E AL R R KPR . P AR, 1997, 30(6) : 2—10.
Guan L L, Zhou X Y, Luo Y. A review on the study of plant caloric value in China. Chinese Journal of Ecology, 2005, 24(4):
452—457.
AT, F/NGE, DL REAYRET LR . ARSI, 2005, 24(4) : 452—457.
Bao Y J, Li Z H, Han X G, et al. Plant caloric value and its bio-ecological attributes. Chinese Journal of Ecology, 2006, 25(9) :
1095—1103.
BURERS, B0, wh6IE A RPRE RO AR A R . AR AR IRTR, 2006, 25(9) 0 1095— 1103.
Huang S Y. Characteristics and influencing factors of surface energy balance in an Artemisia ordosica shrub ecosystem in the Mu
Us Desert. Beijing: Beijing Forestry University, 2020.
WA BRIl A S R G R T AR R AR SO R A ER L s JERUMOE R, 2020.
Yang F L, Zhou G S. Characteristics and driving factors of energy budget over a temperate desert steppe in Inner Mongolia.
Acta Ecologica Sinica, 2010, 30(21): 5769—5780.
BRARAR, JA )™ I . P S5 oty d Y e 158 7 i R A SRR AR S LR B IR . R 2274l , 2010, 30(21) @ 5769—5780.
Qu G H, Wen M Z, Guo J X. Energy accumulation and allocation of main plant populations in Aneurolepidium chinense
grassland in Songnen Plain. Chinese Journal of Applied Ecology, 2003, 14(5): 685—689.
TR, 2 A B, SRR . A BT TS R ) T AR ) Rl R R B BB AN N L AR AR, 2003, 14(5) : 685—689.
Bao Y J, LiZ H, Han X G, ez al. The caloric content of plant species and its role in a Leymus chinensis steppe community of
Inner Mongolia, China. Acta Ecologica Sinica, 2007, 27(11): 4443—4451.
SRR, B, B4, S N SEE R B EAE Y R e S HAE TR P AR . AR AR, 2007, 27(11) ¢ 4443 —
4451.
Tan Y C, Bao Y J, Li Z H, et al. Calorific values of grassland plant population and functional groups in the agro-pastoral
ecotone of Inner Mongolia and Liaoning Province border. Acta Agrestia Sinica, 2019, 27(1): 15—21.
TRAGRE, BOURER, B, . SHERMCSHT X R Y AR D REREPVEIT ST . RO AR, 2019, 27(1): 15—21.
Yan P, Li X, He N P. Variation in the calorific values of different plants organs in China. PLoS One, 2018, 13(6): e0199762.
ZhaoF Y, Wei CZ, Lv X T, et al. Responses of plant species with different genome size to water and nitrogen addition in Inner
Mongolia Grassland, China. Chinese Journal of Applied Ecology, 2019, 30(8): 2675—2681.
ROF I, BAE e, BV, GF . S R JRUAS [ i PR 2 DR /DN W ek SRR S I o B2 AR A AR, 2019, 30(8) 1 2675—
2681.
Long SY, Bao Y J, LiZ H, et al. The carbon contents and the relationship with the calorific values of 67 plant species in Inner
Mongolia grasslands. Acta Prataculturae Sinica, 2013, 22(1): 112—119.
Jetth A, WORERE, B0, . NS RO 67 R & b AT M S MBI R RS . kAR, 2013, 22(1): 112—119.



ACTA PRATACULTURAE SINICA (2026) Vol. 35,No. 6

[18]

[19]

[20]

[22]

[23]

[24]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Gao K, Xie Z B, XuS T, eral. Characterization of caloric value in fifteen plant species in Leymus chinensis steppe in Xilin River
Basin, Inner Mongolia. Acta Ecologica Sinica, 2012, 32(2): 588—594.

FEl, R, IRORER, S SR MR YRR A R R 15 M A ERRAE . AR L 2012, 32(2): 588—594.

DuP C, PanY Z, Hou S L., ez al. Effects of nitrogen and phosphorus addition on litter decomposition in Hulunber steppe. Acta
Prataculturae Sinica, 2023, 32(2): 44—53.

FEWG o, % SLER, BROUR], A5 ZUBR IR I X A DR B b A 7 o3 RS2 R . B AR, 2023, 32(2) : 44— 53,

Zhao Y Z, Zhao L. Q, Cao R. Flora intramongolica (the third edition). Hohhot: Inner Mongolia People’s Publishing House,
2020.

M—Z, BRI, B, NS R G =), PR RR: gl AR HIREL, 2020.

Guo J X, Wang R D, Bao G Z. Caloric value of northeast Aneurolepidium chinense grassland species. Chinese Journal of Plant
Ecology, 2001, 25(6): 746—750.

ARG, AT, WE R RIS R R AR Y A . A A A S, 2001, 25(6): 746—750.

Zhao Y Z, Wang H M, Wang Z Q. The role of leguminous plants and rhizobium in ecological environment. Journal of
Agricultural Resources and Environment, 2013, 30(4): 7—12.

B, EIER, U AR SR AR B AR S IR P A AR L RO IREE S R, 2013, 30(4): T—12.

Xiao Y B. Interspecific competition for nutrients and nitrogen transfer between the intercropped legume and cereal. Beijing:
China Agricultural University, 2003.

M AR RN RABRER R P IR AR RO . dLat. Rk K, 2003.

Zhu X Q, Wang C 'Y, Sheng M, et al. Effects of arbuscular mycorrhizal fungi on calorific value and contents of carbon and ash in
Robinia pseudoacacia. Chinese Journal of Plant Ecology, 2013, 37(11): 1028—1034.

ORWEE, EAM, WAL A ARG OO BB PE BRI Ay A B SR L A A SRR, 2013, 37(11): 1028—1034.
Hu HY, Zhang Z C, Li X. Influences of salinity on mass and energy dynamics during decomposition of Kandelia candel leaf
litter. Chinese Journal of Plant Ecology, 2010, 34(12): 1377—1385.

R, SRR, 2R R RO RK A U v O3 gk R R B S R R S AR Y R L A A AR S, 2010, 34(12): 13771385,
Weng R X. The photosynthetic characteristics of Miscanthus species in Taiwan. Grassland of China, 1994(1): 14—25, 34.
G BEEEOCAERREE . P E R, 1994(1): 1425, 34.

Chen S P, Bai Y F, Han X G, et al. Variations in foliar carbon isotope composition and adaptive strategies of Carex korshinskyi
along a soil moisture gradient. Chinese Journal of Plant Ecology, 2004, 28(4): 515—522.

BRUESE, Pk, w24, A5 T A A B 5 Al ] o7 2% 2H I B I N SR S S A L A AR 3R R AR, 2004, 28(4)
515—522.

Blank L, Rozenberg G, Gafni R. Spatial and temporal aspects of weeds distribution within agricultural fields— A review. Crop
Protection, 2023, 172(000): 8.

HouJ, DulL T, Liu K, ez al. Characteristics of vegetation activity and its responses to climate change in desert/grassland biome
transition zones in the last 30 years based on GIMMS3g. Theoretical and Applied Climatology, 2019, 136: 915—928.

Lloret F, Verdu’ M, Flores-Herna’ ndez N, ez al. Fire and resprouting in Mediterranean ecosystems: insights from an external
biogeographical region, the mexical shrubland. American Journal of Botany, 1999, 86(12): 1655—1661.

Chen X, Li B L. Spatial variability of plant functional types of trees along Northeast China Transect. Applied Ecology &.
Environmental Research, 2005, 3(2): 39—49.

Yang L M, Han M, Lin H M. Study on biomass changes of plant ecological type groups in the Leymus chinensis communities
along Northeast China Transect. Journal of Jilin Agricultural University, 2005, 27(5): 46— 50.

BRI, g, ARZCAE . E R AU R 3 SRR AL K o3 AR S R T D RE R AR W i AR 50 . i MR R 254, 2005, 27(5)
46—50.

Bao Y J, LiZ H. Caloric values of steppe plant populations and functional groups in Xilin River Basin of Inner Mongolia. Journal
of Dalian Nationalities University, 2008, 10(3): 197—202.

BEAE R, B0 . N S B AR A A ) R R A D REREME BT ST . R R R RE M, 2008, 10(3): 197—202.

Zhao N, Yu G R, He N P, et al. Coordinated pattern of multi-element variability in leaves and roots across Chinese forest



55 35 B 6 W Fll2F 3 2026 4F 23

[34]

[35]

biomes. Global Ecology and Biogeography, 2016, 25(3): 359—367.

XuZ W, Yu G R, Zhang X Y, et al. Soil enzyme activity and stoichiometry in forest ecosystems along the North-South
Transect in eastern China (NSTEC). Soil Biology and Biochemistry, 2017, 104: 152—163.

Wang RL, YuG R, He N P, ez a/. Latitudinal variation of leaf morphological traits from species to communities along a forest

transect in eastern China. Journal of Geographical Sciences, 2016, 26(1): 15—26.



