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Abstract: Nutritional-components of plant species (e.g., contents of crude protein, crude fat, and amino acids) , as well
as the contents of fiber that influence animals’ food digestibility, collectively determine animal food preferences. Animals
would prefer to feed on leaves or stems with higher contents of crude protein, crude fat, and amino acids and a lower
content of fiber. Many studies have demonstrated that nutritional components or fiber contents are differently impacted by
various environmental factors. It is possible that differences in the nutrient or fiber content of vegetation under different

conditions would potentially affect animal distribution through food choice. Dwarf-bamboo species dominate the underground
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layer of subalpine forests. However, the distribution or growth of these bamboo species is predicted to be markedly affected
by global warming. As the main food source for the panda, changes in temperature may influence their preference for
bamboo by altering bamboo nutrition. Although the temperature difference along vertical altitudinal gradients is obvious,
there have been few studies focusing on the effects of different temperatures on bamboo due to altitudinal gradients, which
could potentially influence panda food preference and distribution. We designed an in situ experiment to examine the effects
of different altitudes on the contents of nutrients, such as crude protein and amino acids, and parameters related to animal
food digestibility, such as fiber content, of dwarf bamboo ( Fargesia denudate) in Wanglang Nature Reserve«in the
northwest Sichuan Province, China. Samples (leaf, shoot, and culm) of F. denudata were selected from three' altitudes
(2600 m, 2850 m, and 3100 m) to study differences that may be attributable to differences in altitude. The results
indicated that the nutrient compositions and amino acid contents of different parts of F. denudata showed different change
patterns among the different altitudes. Our main results were as follows. (1) At the same altitude, nutrients of different F.
denudata tissues (leaf, shoot, and culm) were significantly different from each other. For instance, thecrude protein and
crude fat contents of the leaf were the highest, whereas those of the stem were the lowest<In. the shoot, these parameters
were in the middle range. (2) Most interestingly, the amount of crude protein and total’amino acids were markedly
influenced by the altitudinal gradient, being significantly higher at 3100 m than at 2600 m. For example, the contents of
crude protein and total amino acids of bamboo shoots were highest at 3100 m. However;. crude fat and crude fiber showed no
significant differences among the different altitudes. (3) In addition to thethreonine, glycine, and cysteine in shoots,
serine and methionine in culms, and cysteine in leaves, contents of the other amino acids were significantly affected by the
altitudinal gradient. For example, the histidine content in shoots increased with increasing altitude. Altitude had significant
effects on the ratios of crude protein/crude fat and crude protein/crude fiber; however, no significant effects were observed
on the ratios of cellulose/crude fiber and crude fat/crude fiber. Our results demonstrate that at higher altitude, F. denudata
accumulates higher contents of crude protein and total ‘amino acids. Warmer climates would probably affect the distribution
of F. denudata and characters related to panda food preference, such as crude protein content, which may, to a certain

extent, determine panda movement or migration to higher altitudes to feed on relatively nutritious food.

Key Words:; Fargesia denudata ;altitadejnutrient ; amino acid ; giant panda

SRRARIE TS S N RIS A AL 2 2 A2 S 2 A W F B I — R b X A )
Xt AR 7L 1 P i 7 A0 AR v B3 3o B e Al A S R R R TR R X A o A A AR Ry
B DA S A AR R R KR AT R A LA R B AR AR R AE 4R B B IR
) 2 AR ) S TR Kudo 451 76 H I IR WAL B/ NMEAT ( Sasa kurilensis ) 18] E ERT S
AN 0] AR R AL A AR S BOR A AR B BT it 1 8 Ak, TS e U B R s A E B A, BT
CART ( classification and regression tree ) RO TR A ( MAXENT) #5800 (bl i 8 B | R S S A8 Ak 17 5
N ORRESN (Ailuropoda melanoleuca) WYX FEDRE 4 /1N |3 BUA 2 3 it 4F X <Ol RO 84 mnmiimi /b Bk, Ufe %
e CREBIE L TH 8 ) B KRR AR A A E BT BRI R~

R REA T8 £ LA 35 1003 R A e 5 R B S AR Al 0 3 e 0 3 B R v T AL R B 1 A o
A7, RAEF B EUCR B, M BRI R (R 2 R HLLF 4 rh JLF- Jo 0 A i 4 I3 ) BES A 9y %) 4 3 ke
RE R 5 M0 5 1 T A, WSOAR B0 38 B sy | R RE AR /) — et ) 1 KT 2 R 5 143 R
PR RERIFN IS FNE TR IO S . BFFTRI, F20 (Morus alba) TERG IR A5 T RHLET 4t & Bt b FRAK i
W HIA ) T 8 5 ( Kobresia humilis) HEF4ER SRR ARIBAAF T /N (Triticum aestivum ) A
FATE ( Fokienia hodgirtsii) IR M A1 (Acacia auriculaeformis) W H ] S PMEATE 25 2 L TR R 289 0 5 =ik
AFTFHHFEL ( Nicotiana tabacum) FIRKZE ( Hordeum vulgare ) ¥t F BT Z & FETR 09 AL 2 = i 606 #) T8

http ; //www.ecologica.cn



6442 JAE = 37 &

%5 (Kobresia humilis) 14T (Setaria italic) TR 2 HE AR FERR B AF] T ZRAEH 2 Rk, Bk
AR S BP0 T A %) e IO Xof KRB ) A A7 B AR B B B R

BRI G TR LRI 1900—3200 m Z [H] (3B, 2 1L L R AK T S R AR IR Z —,
WL R KRR EE A B AR ARAFIE LA K IR L 1 R K REARAZ 0o DX DU )1 2 B B R e SR A X
AN TR TR (0 R A A7 S 0 52 3 o Xof A A AR A [ T A B 1Y) s 35 477 58 AR R I v 35 % ol 0 R 2 56 1R 201 4 1)
Br AU TR DL B (n) il 402 5 2 S B BT AT 8 3 o & AR AR (2) SRR AT A SRR A S S H
SRR 1 o 7 7 50 ey 7

1 MRS T®

1.1 A5 HESL

WG A T U R E 5 A T W E 9 H SR DR P X, Hb B &2 103 °55 '—104 °10 'E;, 32 °49 '—
33 °02 'N, 4k 2300—4980 m, ELIHI AN 322.97 km®, i XIS T 1+ L -AAE 1R 1 A, B2 2= KU 2, Y
BT AT TRCYE 1L H B 4 A) R H BERZL REK D AEFER = TR AL
MBZE(5—10 H) AR RE R AE T 2 =% | H /D SR, FXE 2.96,7 AR 12.7°C,1 H
SRR -6.1°C M IR 26.2°C , B iR —17.8°C , > 10°C U ARIEL A 1056.5°C | 4ERE 2K 859.9 m, [k H %
195 d, = 7E5—8 H .,

PR X AR =525 2500 m A4 AR TE EAHT IS O A TR S PREE TR AR (2300—2600 m) EEIR A A2
J5 BERAMCRIIR 7194 #2 4K (2600—3500 m) | V. #5 L 7 P\ ) (3500—4400 m) | 5 L 3L A7 A 4% ( 4400—4900
m) VR 4900 m LI_F R ISRy . o B A3 Ai A 2 S VAT oy b V0 OMR B A DETE A AR
1.2 KR

B ETAT BB AR T U B E KR A SR X 1900—3200 m AT FEITR S MRS EF AR,
AT RARABIEATE 1) s AR . AP BOEEUE |, 883—5 m, B A% 0.6—1.3 cm 1 F 220 BRI, fy AR A1
FEREPRS AL, TR N 15—18 em ™) BaEids A K W1k 4—9 A 10 Ak K, 3—6 A 17
k&6 A arE] 8 A FaELm A K, 7 ARUGA i A EEl, 6 A L%l 9 A LAk AR, 9 A sk
BLRTAT AR FEALE
1.3 RAEFTI I ik

2015 4F 8 IS, FE 4K 26002850 3100 m M Bk 1458 FroRBIF 2SR B B Y ) AR PA B2 45 B AR — 2
FIRFE A S A ERRI RS D REHLRAE FFR 1 AR AR SapE /R4S 10 AR, RS FRARIHBERESS 1.0 kg 1E R
FEdh, FERTE 105°CTRASE 30 min J5 T 70°CHE 26 WL 60 H i A7 TR IR vk A Fh AR

B VSRR 3 3 R DA R 5 skl e Y ML 2R R I IC 28 0Bk D 2 e R 5 e L 6.25, 2R A
KDY-9820 7 AN (b5 R BUFITE ) 5 KRB R FH 2R [ Hh AR ; RLAF 4R FHIR VA T ik s SR 4R R R 72% Ve
PR K fifs ; LR R R KAl = e (3, SR 722 SR WG 6 BEHE ( HiEF ) & LR 4L F
L- 8800 4% H S B IEMR /3 BT A ( H 7)) M 7E
1.4 BRI 5540 br

AR SCEHE /3 TR SPSS 22.0 G445 B, 430 % 5 FE R v (9 78 % 43 BE VR B 1 AR Ak | TR — Tk
NTRVAH 43 198 35 LA A8 AR SR 2507 2% 3BT ( One-way ANOVA) Fl Tukey K5 5 | 7 A BI04 141 7 S8 b7 M5
TR, BEHEAKFRER «=0.05,

2 HR55%H

2.1 EBEIFRMSY
211 HEA
TE Rl — Pk B, BRELHi T 25 FF I HE RS A 25 (P <0.05, & 1), He i EA & &

http ; //www.ecologica.cn



19 34 ESEAR S O LR BR AN T £ IR A R 2 R 2 i S 6443
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Fig.1 The differences of nutrient component in the shoots, culms and leaves and the altitude effects on the shoots, culms and leaves
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Fig.2 The differences of nutrient ratio in the shoots, culms and leaves and the altitude effects on the shoots, culms and leaves
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Fig.3 The differences of total amino acids content in the shoots,
culms and leaves and the altitude effects’ on the shoots, culms

and leaves
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RO 5 TR IR IR B A 5
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F1 REFHMHE FAIHPHEEBRMERESE/ (ny/g)
Table 1 The amino acids and their contents of bamboo shoots, culms and leaves in Fargesia denudata
HOLRK 2600 m 2850 m 3100 m
24 Shoot #F Culm I Leaf 44 Shoot # Culm M Leaf %% Shoot # Culm M Leaf
AR Lys ™ 2.39£0.02bB  0.76£0.02¢B  5.92+0.05aA < 2.30£0.03bC  0.66+0.01cC  5.70+0.01aB  2.54+0.01bA  0.99+0.01cA  5.83+0.05aA
RN Phe © 1.84£0.04bC  0.73+0.01cB  5.45£0.03aC  2.24+0.01bA  0.72+0.01cB  7.2820.04aA  2.15£0.05bB  0.93£0.01cA  6.11£0.04aB
SEE R Leu ™ 3.04+0.01bB  1.06+0.02cB  8.12+0.08aC.. 3.29+0.11bA  0.95+0.01cC  10.98+0.09aA  3.28+0.04bA  1.34+0.05cA  9.24x0.05aB
SRR le*  1.76£0.09bB  0.58+0.01cB 4 4.2920.04aC  1.95+0.07bA  0.51£0.01cC  5.63£0.09aA  2.02£0.04bA  0.74£0.02cA  4.76+0.07aB
HAR Met ™ 0.22+0.04bB  0.06+0.00cA. 0.52+0.04aC  0.41+0.0lbA  0.06+0.00cA  2.25+0.06aA  0.24+0.03bB  0.05+0.00cA  0.72+0.11aB
4R Val ™ 2.51+0.08bB  0.85+0.08¢B" 5.57£0.07aC  2.77+0.10bA  0.74+0.08cB  7.15+0.08aA  2.97+0.11bA  1.03+0.03cA  6.07+0.08aB
JHER Thr * 1.98+0.11bA.  0.68+0.08cB  4.56+0.12aC  1.98+0.10bA  0.61£0.09cB  5.80+0.09aA  2.18+0.07bA  0.86+0.10cA  4.87+0.12aB
RITAZ Asp 5.83£0.01bC  1.38£0.04cB  9.76+0.08aB  6.16+0.09bB  1.14+0.08¢cC  11.96+0.18aA  9.22+0.18bA  2.08+0.12cA  10.05+0.43aB
225 Ser 2.66+0.10bA  0.77+0.08cA  5.04:0.09aB  2.32+0.14bB  0.61+0.15cA  5.46+0.09aA  2.92+0.09bA  0.81+0.06cA  4.59+0.08aC
AE Gl 8.87+0.13bA  2.07:0.08cA  10.42+0.14aB  5.35+0.10bB  1.26£0.07cB  12.74+0.14aA  9.11+0.08bA  2.25:0.12¢cA  10.45+0.07aB
TR Gly 2.10£0-13bA  0.73£0.08¢B  5.33£0.09aC  2.25+0.13bA  0.62+0.05¢cC  6.99+0.13aA  2.25+0.09bA  0.86+0.12cA  5.86+0.12aB
MR Ala 3.27+0.07bB  1.12+0.12cA  6.54£0.08aC  3.09+0.11bB  0.80+0.14cB  8.47+0.11aA  3.56+0.12bA  1.27+0.11cA  7.16+0.12aB
R Cys 0.23+0.08bA  0.08+0.01bB  0.37£0.08aA  0.23+0.05bA  0.06+0.00cB  0.41+0.04aA  0.25+0.07bA  0.1120.02cA  0.35:0.03aA
FEE Tyr 0.79£0.01bB  0.26+0.02¢B  2.61£0.02aC  0.87+0.11bA  0.21+0.01cC ~ 3.53+0.0laA  0.87+0.01bA  0.34:0.00cA  2.84+0.04aB
AR His 0.86+0.01bC  0.29+0.00cB  2.18+0.02aB  0.89+0.01bB  0.26+0.01cC ~ 2.59+0.0laA  0.96+0.00bA  0.36+0.0lcA  2.16+0.01aB
AR Arg 2.37+0.01bB  0.52+0.00cB  4.90£0.01aC ~ 1.97+0.09bC  0.42+0.01cC  6.83+0.04aA  2.64+0.02bA  0.89+0.0lcA  5.71x0.20aB
% Pro 2.00£0.04bB  1.00£0.09cA  5.18+0.05aC  2.23+0.01bA  0.56+0.00cB  6.78+0.05aA  2.18+0.01bA  1.13:0.02cA  5.80+0.02aB
a.b e FORF RIS EIERR & AR5 FPAI P 9225 5 A B C R Rl — TR AL AU SE R LR & AR R L2850+ MY RIR TR MR, AR

NAEN TR IR ; £ H IR EFRNT =R ( Lysine) , RN ( Phenylalanine ) S Z R (Leucine ) , 575 &R (Tsoleucine ) , 2 &R ( Methionine ) , 4% M2 ( Valine ) , 7
ZR ( Threonine ) , K14 Z R ( Aspartic acid) , 2% (Serine) , 42 M2 ( Glutamic acid) , HZ#2 ( Glycine) , & R (Cysteine ) , % 22 ( Tyrosine ) ,
2% R (Histidine) , K5 2R ( Arginine) , MR (Proline)

fi% ( Alanine)

http ; //www.ecologica.cn



6446 2 R

&
He

Eild 37 &

3 e

31 BRESHATE RS B IR X TR A W

VR T LS M R A 1 A BRI A L A B, IS A FR O W A MR R R R
AR X T 118 o o7 BB R TS [ 0 b R i A B PR, ASBIF 98 6 B Tl 4k T v A R T R i PR R AR R 3
5l AR S P XA (Setaria italica) BT H RS O R B A BRIMIRSE 45 R — B0, RN iR b X
S A PHOETE L B RR 22 HK 3 E IR A A R (LA Y S AR TR AL 1 B R
B3 XS CFHEE X CEALG SRI R A X TR MG I B ST A SR — B, LR T AR R R R B
(1 3 5 2 H IR AR e 4o B 22 59 0RO, e H IR th e i 5k 22 e Y L AR R 3R
SEFNAT i S SR A R R IR 3100 m H X 5 oty AR 2 2 X 48 R 8 P AR X 24 48 ¢ Chrysanthemum
morifolium ) ZHEMR G P RIFFR 45 R —3, LA RN S FE IR 2 1 ) Tiof S 1 1Y) J B, 78 e i IR IR R B v
M 2R B L (UL BR LA TR 2ERY ) DD mrgs R, n i B8 S PR A BRI T 25 AR
T P v g VA AL AL A 1 1 5 B A, T BB P O AR L 35 5 (0 A ) A ol At 5 0 o, s R R 1 Y
I R FE I A SRR B I A 14 1 8 TC B8 — B, K 1 BV K A 40 (AR DA 11 A B
3, AR RS LA A . LA EIR R ], 72 IRl Ab el A v i A0 4 R 2 25 5 (3R 1), AT g
B AN BRI (GS) AR RA B (GOGAT) LU e A & R & M CGDH ) i A2 XA & R A1 oo~ 1%
TR AR 22 5
3.2 AHYE SRR R SRR S R R

ShYI A B LA IR A R AL 3R A T A AR L — i DURLER (1 R D R A SRR A A A
F IR AR, TALT 2 052 i 5 TE SR A S LR AR 220 LR 1 KL 7 Fn S P 7 et vy, ML 4k 3%
AR R RSN Z sh 5 . TIRIEAR S50 RguaR M, £ 2 3 & B sh I (S 5K, & ik ek
o B D s LR 1 i S B B 2 2R 5 R Mierotus fortis) BT R, R IERR 2 R FRAY) IR, &
FEPR S R, Sh IR R LT A S AR I R 2 A R T N A SR (Lactuca sativa) 42
(= S E v I L8712 N AT 3 AR NN AR i <N L N [T i - S I s A B 7Y 8 1| B S D07 A =
WA LY A B RRES &S i D N B TR — 28R R SR LA Y B
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X K REA AE R I 004 S AR Bl fig S A KA B
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SEAER RS R A R — B0 TSR T A R R PR R D AR R RE AR T I e ]
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223 ( Rhinopithecus roxellana) ' WEE ( Moschus berezovskii ) ' F1 4 3k M- ( Trachypithecus leucocephalus ) " Y
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TR ) T B TR ORI =R B i ) RN S THER S R B FT TR R E IR (H X Fl
RS AR BRI &R T S 2 A A . E AT C A T 2 WA > $ii KRR i 375 2 R e 0 L+ 4ok W
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