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Abstract: In order to explore the photosynthetic physiological characteristics of different trees, shrubs,
herbs in Helan Mountain and their adaptive characteristics and mechanisms to the natural environment, we

used a Li-6400XT portable photosynthesis instrument to determine the gas exchange parameters and natu-
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ral environmental factors of ten types of trees, shrubs and herbs in Helan Mountain and analyzed their cor-
relations. The results show that; (1) the daily mean value of net photosynthetic rate (P,) changed in a
rank of Thermopsis lanceolata >Ulmus glaucescens > Populus davidiana >>Cotoneaster hissaricus >Agro-
pyron cristatum > Pinus tabuliformis > Lonicera microphylla > Berberis thunbergii = Picea crassifolia >
Carex muliensis, and from the perspective of different life types, it was represented as tree > herb >
shrub. (2) The diurnal variation curves of P, of P. crassifolia, P. tabuliformis, U. glaucescens, B.
thunbergii » C. hissaricus and L. microphylla were single peaks, while the Pn diurnal curves of P. da-
vidiana » T. lanceolata , C. muliensis and A. cristatum were double peak shape, with obvious photosyn-
thetic “noon break” phenomenon. The phenomenon of P. davidiana and A. cristatum were mainly
caused by non-stomatal factors, while T. lanceolata and C. muliensis were mainly caused by stomatal
factors. (3) Compared with other plants of the same life type, P. crassifolia, P. tabuliformis, L. mi-
crophylla and T. lanceolata had higher daily mean water use efficiency (WUE). (4) Path analysis
showed that light intensity (PAR) was the main determinant factor for trees and shrubs, while leal tem-
perature (T)) and saturated vapor pressure deficit (VPD) were the main limiting factors. The main limit-
ing factors for herbaceous plants were air temperature (T,) and T,. The study suggested that diurnal vari-
ations of photosynthetic characteristics of different arbor-shrub-grass in Helan Mountain show different
patterns. Compared with other plants of the same life type, P. crassifolia, P. tabuliformis, L. micro-
phylla and T. lanceolata have better drought resistance and can adapt to relatively dry climate environment.

Key words: Helan Mountain; tree, shrub, herb; photosynthetic characteristics; water use efficiency; path
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Table 1 The basic information of tested plants
EEE AL L i R Wi o M
Life form  Code Species Family Genus DBH/cm ’m

PC HF =42 Picea crassifolia Kom. AR} Pinaceae =28 Picea 15.92+0.50  9.79+0.20

7ok PD Wi# Populus davidiana Dode. Bt ARl Salicaceae W& Populus 10.58+0.34  4.9440.15
Tree PT WAS Pinus tabuliformis Carr. AR} Pinaceae FAJE Pinus Linn. 21.65+0.94 10.11+0.34
UG WA Ulmus glaucescens Franch, #i Bl Ulmaceae #i )@ Ulmus L. 3.10£0. 10 8.94+0. 24

BT /NEBE Berberis thunbergii DC. /NEER} Berberidaceae /NEEJ& Berberis Linn. 1.7240.08  2.1240.10

S?%r/tt;b CH #] 1 Cotoneaster hissaricus Wall. ex Lindl. # # Bl Rosaceae #] 7 J& Cotoneaster 1.71+0. 06 2.1640.06
LM NI LA Lonicera microphylla Willd. A EL Caprifoliaceae I{inng J&  Lonicera 2.1240.08 1.904+0. 14

TL YA BELE Thermopsis lanceolata R. Br. A} Leguminosae WAEE Thermopsis — 0.1940.003

]j’[ntcﬁ) CM B Carex muliensis Nees. VS H Bl Cyperaceae & )& Carex Linn. 0.1440.01
AC VKE Agropyron cristatum (L.) Gaertn. RAF} Gramineae VKEJE Agropyron — 0.4440.01
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Note: The data in the table are in the form of mean 4 standard error. The same as below
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Fig. 1

Diurnal variation of environmental factors of research zone
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The code of testspecies is the same as Table 1, The same as below

Fig. 2 Diurnal changes of net photosynthetic rate in leaves of tested species
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Table 2 The daily mean values of photosynthetic physiological parameters of test species
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Life form Species | " 1 , : 2 1 , P 1 , E —1 L,
/(pmol « m s ) /(mmol*m s ) /(molem " «s ) /(pmol « mol )
FH = A2 Picea crassifolia 4.95+1.02h 1.2640.24g 0.07940.01e 276.77+25.83d 0.34740.09a
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Fig.4 Diurnal changes of net intercellular CO; concentration and value of stomatal limitation of test species
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2.3.1 MHEESH WE3IFR.FAP, 5H
VPD.T,.T, fl PAR 2 B EFIEMHX, IR P, 5§
PAR M EZBR A (0. 780) ;K P, 5H T, A
PAR ¥R B FH EME, UL P, 5 PAR M X R
B R 0.727) %A P, 5H RH Al PAR # 2

FHIEA G A R 3 0,592 F10. 593,15 C,
BEREAME, P LRI, PAR X IR K K
MBI P, W52 Ve K, T o I AR R
P, W ER N T, RH HEA P, B R E 0
M.

2.3.2 BESH WESMESEREOER,KH
BEHEFXTA P, WHEBERRZBEIN N T, >C,
>PAR>RH>T,>VPD, ik R K N . PAR>
RH>C,>T,>T,>VPD; & ¥ & X T % # K P,
B AR R BN R . T, >C, >PAR>T,>RH
>VPD, K 28N . PAR>C,>RH>T,>T,>
VPD; £ IS 7 X A P, B B2 42 R B/
HJ:T,>PAR>C,>RH>T,>VPD, 5% Z 5 K.
C,>PAR>RH>VPD>T,>T,, & T, X FF K

R3I TRLEFREVEAXAGEXEZERERFHEXEY

Table 3 Correlation coefficient between net photosynthetic rate and environmental factors of different life forms of plants
I,?;glfio%m Enviroﬁﬁrlfla?faclors P, VPD T, T C. RH PAR
P, 1
VPD 0.497 1
T 0.532" 0. 892 1
T K Tree T, 0.695" " 0.893" " 0. 934 1
C —0.125 0.133 0.018 —0.132 1
RH —0.139 —0.723""  —0.547"" —0.418" —0.585" " 1
PAR 0.748" " 0.468" 0.524" " 0.758" " —0.497" 0. 089 1
P, 1
VPD 0.179 1
T, 0. 449 0.826" " 1
# K Shrub T, 0.548" 0.833"" 0.955 1
C, —0.156 —0.220 —0.426 —0.418 1
RH 0.063 —0.835" "  —0.556" —0.479" 0.128 1
PAR 0.727"" 0.559" 0.735 0. 874 —0.354 —0.137 1
P, 1
VPD —0. 242 1
T, 0.147 0.875"" 1
A Herb T, 0.199 0.868" 0.987"" 1
C —0.518" —0.168 —0.383 —0.430 1
RH 0.592" " —0.751" " —0.422 —0.370 —0.149 1
PAR 0.593"" 0.541" 0.760"" 0.838" "  —0.624"" 0.030 1

P, EOEHR VPD R AIZE RS 6 T, <R T il C,0 R A AR IR BE s RH. 25 SO XTHE BE s PAR. SG& A B 5t TR,

x % Al 43 3 n B M KF IR B 0,01 A0, 05

Note: P . Net photosynthetic rate; VPD. Vapor pressure deficit; T,. Air temperature; T,. Leal temperature; C,. Atmospheric CO,

concentration; RH. Relative air humidity; PAR. Photosynthetic active radiation; The same as below. * % and * indicate that the significant

levels reach 0. 01 and 0. 05, respectively
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Table 4 Path analysis of net photosynthetic rate and environmental factors of different life forms of plants

- ‘ Iff_ﬁﬁ% Eﬁé@@%ﬁ ] 422 38 72 & %X Indirect path coefficient H%/ﬂfz?:i&
Life form Environmental DlrecF path . A Dem'sl'on
factor coefficient VPD T, T, C, RH PAR SUM coefficient
VPD —1.074 —0. 805 2.040 0.024 0. 257 0. 054 1.570 —2.219
T, —0.902 —0.958 2.133 0.003 0.195 0.061 1.434 —1.773
FoA T, 2.284 —0.959 —0. 842 —0.024 0. 149 0. 088 —1.588 —2.037
Tree C, 0.184 —0.143  —0.016 —0.301 0.208 —0.058 —0.310 —0.080
RH —0. 356 0.777 0.493 —0.955 —0.108 0.010 0.217 —0.028
PAR 0.116 —0.503 —0.473 1.731 —0.091 —0.032 0.632 0. 155
VPD —2. 340 —0.681 2.202 —0.072 0. 906 0.167 2.522 —6.327
T, —0. 825 —1.933 2.524 —0.139 0.603 0.219 1.274 —1.421
WA T, 2.643 —1.949 —0.788 —0.137 0.520 0. 260 —2.094 —4.083
Shrub C, 0. 327 0.515 0.351 —1.105 —0.139  —0.105  —0.483 —0. 209
RH —1.085 1.954 0.459 —1.266 0.042 —0.041 1. 148 —1.314

PAR 0.298 —1.308 —0. 606 2.310 —0.116 0. 149 0.429 0. 344
VPD —1.454 1. 410 —1.161 —0.008 0. 261 0.710 1.212 —1.410
T, 1.611 —1.272 —1.320 —0.018 0.146 0.998 —1. 466 —2.128
A T, —1.337 —1.262 1.590 —0.020 0.128 1. 100 1.536 —2.320
Herb C, 0. 046 0.244 —0.617 0.575 0.052  —0.819  —0.565 —0. 050
RH —0. 347 1.092 —0.680 0.495 —0.007 0.039 0. 939 —0.531
PAR 1. 313 —0.787 1.224 —1.120 —0.029 —0.010 —0.722 —0.172
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FIAE HEEH L0 5 At P 1) 8] 42238 12 R 52 F K
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P, FEREHNTH PAR, FERGIKH T H T, F
VPD; HAMEY) P, B EERREIH 78 T, T,
12
3.1 AEFEEXRSHMHELLR
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TR, e F W B AE R BHBE R — & A2 L A Ese
H 35650 6 3 5 i e B UK O Bl B i s 48 AT
T 705 N/ AT VAN N 1) o S B S N> = T N
HE ORI RN T AR > AR e X
26 A ] A A OR T A R AR L X 5 TR AT
FREER -5, BRERI, KREY P, T, MG, &
FURAR . A1 18] 1 5 5 i 4RF A B9 7E 10:00~16:00 35
B — KA R AR L X 58 20 20 A5 R B 9T A R
— 8 m S AR P T A P,
B —ANE(E Y RTE 8:00 A2 A7 . {H & 5 X i 55 &1

3 7

BIFFE A5 Hh A AL 3K B e AL A I ) A 22 S L X AT E

T AN [ A P 6 R BE i o A — 225 5. RORAAL
TRk R HERFIRAE T P, B8R BT LA C, 8w s BEE G
HE 5 B AN AR I 2 8 T L P, B TR CO, Al 4E
BRI, C, BT REAR, G, Wz T & 8 )
St BRI R R 4 A v 0 ek 9 AL ok B
SeAER Il L, AW KL BT L C fit L, B AR
LB AR #F 1400 UG, BE 3 G B 58 B AR
(03 W R ARG , P, S8 W R ARG AL BE R e L IR I AE
B CO, SERETEAN MBI P, T8 C, Bl K.
HREAE Y 6 6 R H AL nT e G R
A A 2R 43 by BALIG RN RLIGE Y, AR G 25 SR R
B2 10 FAS TR HE ROR P R ot A R H AR
I LLAZ AL 3 i A 00 ith 2%, HAT B i 6 AT
R7E %, AR f Y ¥ 2 i il 4. Farquhar Al
Sharkeyy"" $ H 27 [f] 5 A4 3 R T B A9 5 K 43 <
LHRULFEIAHR, AR REH R P, G,
FRERELC BEZ AR, L, 38 iR AL R R
P, MG, FREECBEZ YN, L, BRI, ADF5ss R
T AP P i AR R P, R G, T BERT,
C, ZRIPREAR, L, 2RI g, BI4E &t 3 4



298 ode Moy % iR 41 4

MER P, T REFERE R T AL 5 R ;1 FF R
LA DL R REAS R UKL PR G, R REREL.C 2
LB T, L 5 [R) 25 R A A e 34, 330 B 1L A 0 oK e
P, TR EZE o F AR AL RS 5 i, Bk R
Z e ARG P BOGA T E T RS A

WUE J2 2 e A8 9 1 52 1 1 A5 546 A o B0 7 4
[ 45T . WUE 8 & #9019 90 5 88 fodd + 5419
N AE S SR N T, M WUE W K& FF
A H T U 2 A2 R i R H N I A N R AR
Peglm e T, &A%, H WUE %5, WUE Bfk%
B N T Ny i NI S Y L)
B 8 2 A2 IR /NI 2L A AP AT A
K R BORBAIG, HLA RO PR RE ) O SR
LD IATI=WA I NI IRCCN N 1 N 7 7 NI L R
AR BT S T I A e X X e A R B
DXL & 77 A B R o 45 R — 3K
3.2 ARAAEFEEMELEERIZWMEZLLE

Y 1 TR 2 IR AR BAE Z R Y
SR, AR L I AR HE L IX L Bl % PR B PAR AT,
(IR RGAC, fd T, F1 VPD FHi, RH BRAK, 5 o
Y G, AT, WA K, R EE G A VR F B S S W
sk, P, W Z K, CO, Ffb#ERIw, S8 C
REAK . A8 5 M 88 22 I AR 10 R b, FR oK
P, 5 VPD.T,.T, fl PAR 2 W FEML.#EAK P,
5 T, Al PAR 2 W F EM K, %A P, 5 RH Al
PAR 2 R FIEHK. 5 C, £ B FAHMK;PAR N
TeAR HEARRGARWY) P, ) FEEEWHAF, T, I
AFFEAR P, MREZ W HF,RH HEA P, IR
R TR 5 B AR X A T S B B 5

S E

[1] #F ., 208, M, %5 A5 SRR 0 E LA
FRBREELT] MO, 2015, 51(9): 150-156.,
XUE X, L1JJ, ZHENG Y F, et al. Characteristics of photo-
synthesis and transpiration of five evergreen tree species in
summer[ ] ]. Scientia Silvae Sinicae, 2015, 51(9); 150-156.

[2] WEEW, BB, ML, % FH ORI A 5 B R Z00 &
LI B, 2014, 34(17); 4 874-4 881.
HAN Z M, WANG Y H, LIN H M, et al. Photosynthetic
characteristics of Saposhnikovia divaricata in different habi-
tats in summer[ J]. Acta Ecologica Sinica, 2014, 34(17) .
4 874-4 881.

[3] XUSEMG, KFBE, BIRAE, . 822 LA FE R R R +
WM ZRMEL] AW, 2013, 33(22): 7 211-7 220.
LIU BR, ZHANG X Z, HU T H, et al. Soil microbial diver-

SR, LU EIERHERSE AR TS
FI B AR B DN P 2 A 4 1 B e A B R

AR A R R AR MBEAREY T, T, .
C..RH.VPD #xI P, &M E1EH.PAR X P, iz
TEHEVE R s FOARAE Y JURP 3R B 7 ¥ % P, i
E . HPRSR RECR/NAT A, PAR 8 77 A RN A RS
W EE R E W T, VPD M T, Jy EE R H W T
T, F T, REAREYH) EZBRH K7, X0l GE 2
THE T, WF& .2 F8 T, M VPD Fh& & RH B
A5 DT (AL 0 i R A AL o G AL L 3 R P, AR
MG, BEAh KA B i B S R T AR 2 IR
AT A48 B I ) 5 4 D0 5 A P At A 25 3 AR
P, BEARAI IS . TR A A W AH L TR R RN EE KA
HA TSR AT G, T L PAR A RFEARY P, 1Y
FEYE R T,

4 g w8

L IR TR AR R CEER R G A R b B
IBE PR F 19 78 Ak 52 B0 () 1 o o7 B A, G rp 7R R
Il A3 R REA AT B A AR B G X Ab
F IR 5 19 A8 L0 AR b H b AT 0 A 5 5 P . AT
it 2B 35 BRI T A P AL R A2 HER T Y
NI A B A B i B AR R L TR R AR TR Y L
b P EL A S R Y HT R L R S R o A 4 R X
FIRAMFEAM Y T LTI E B 5, LA AR UE
B2z R 1 ot B[R] e I g K R L AR S e 1
RH, B VPD Sk 4 & 066 68 015 X T R A AR 9 Al
DLHEAT I8 17 5 A RS R AR B B e ) . RS
JENT R B L AR AR B AR G AR R R T

sity under typical vegetation zones along an elevation gradient
in Helan Mountains [ J]. Acta Ecologica Sinica, 2013, 33
(22). 7 211-7 220.

[4] BBAFAE, R0, £ M. % W2 I RS R R DR R
Hozs i gy 5] MPIEZ R, 2004,28(3) : 361-368.
LIANG CZ, ZHU Z Y, WANG W, et al. The diversity and
spatial distribution of plant communities in the Helan Mountains
[J]. Acta Phytoecologica Sinica » 2004,28(3): 361-368.

[5] sk W, MGHAE, RAW. . Wit X W W oA F ot & 1
BRAGAELT]. ZEA4:3], 2013, 33(6): 1 740-1 750.
ZHANG J, SHI Y J, ZHU Y Q. et al. The photosynthetic
carbon fixation characteristics of common tree species in
Northern Zhejiang[J]. Acta Ecologica Sinica, 2013, 33(6):
1 740-1 750.

L6 ®3CH:, x| 2, K4, 55§ a0 HoRs M R Ah ot & 25 1 | [
B SR R e e I BE T [0, ARl B2, 2016, 52(9) ¢ 31-38.



2 1

Wk e B 4

B 10 b i

BRI & JoK 73 F TR SRR AR F 52

299

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

ZHAO W R, LIU X, ZHANG J C, et al. Photosynthesis
transpiration,the carbon fixation and oxygen release, and the
cooling and humidificant capacity of typical tree species in Nan-
jing urban[J]. Scientia Silvae Sinicae. 2016, 52(9): 31-38.
HIRTE, ASEBH . XUHELL. b st iy JLFP 2 W (4 56 & 45 1k 2
AR B LT PR B R R CH AR B 10
2014, 42(10): 119-125.

HU Y S, YAO XY, LIU Y H. Photosynthetic characteristics
and ecological benefits of greening tree species in Beijing[ ] ].
Journal of Northwest A & F University (Nat. Sci. Ed.),
2014, 42(10): 119-125.

MR 4, Blatte, BEAEPR. KUK 19 Fh DA Y06 A R K
BRI ELT ], BRI 4R, 2012, 32100+ 116-120.
CHEN Y H, LTIAO J H, QIN S N. Studies on photosynthetic
characteristics and carbon fixation and oxygen release capabili-
ties of 19 garden plants in Changsha area[ J]. Journal of Cen-
tral South University of Forestry & Technology, 2012, 32
(10): 116-120.

VW, kIR, 2Ok, SR B IL REARMCERE LA R
AHUBBTFEL) ). TRXPHRSFR, 2014, 28(2): 162-166.
XU H, ZHANG Y R, JI B, et al. Organic carbon of soil and
roots for different woodland of Helanshan Mountain[J]. Jour-
nal of Arid Land Resources and Environment , 2014, 28(2) .
162-166.

TP AT, A W, F T EMN

TWRAHILT]. KRB, 2015,

JIB, HEJ L, LI N, ez al.

%22 1L T AR AR
35(2): 332-335.
Carbon content rate analysis in
main tree species of forest in Helan Mountain of Ningxia area
[J]. Bulletin of Soil and Water Conservation , 2015, 35(2) .
332-335.

X, 4+ F.E A
R R FIREL ] AE
LIU S T, NIU X, WANG B, et al.

T

SRR

1l A SRR X R AR AR 2
2019, 38(2): 420-426.
Air purification function
of forest ecosystem in Helanshan Nature Reserve of Ningxia
[J]. Chinese Journal of Ecology . 2019, 38(2) . 420-426.
IPEAR, XERZE, RN, 45, B2l 4 R R BRARS B YR T
FRKPERERTZE )], K L ERFEHESE, 2011, 18(2): 107-111.
ZHAO X C, LIUJ J, REN J H, et al. Study on water-hold-
ing capacity of litter in four forest types of Helan Mountain
[J]. Research of Soil and Water Conservation, 2011, 18
(2): 107-111.
R, XU, X sk, S 7 EB 220 K AR Il A ARk G
AR ELT]. ARAEMO R 22244, 2011, 39(5) ¢ 108-110.
REN ] H, LIU J J, LIU B, et al. Carbon storage and carbon
density of natural Pinus tabulaeformis forest in Helan Moun-
tain in Ningxia[ J]. Jowrnal of Northeast Forestry Universi-
ty, 2011, 39(5): 108-110.
25 A OR2ERILRN R G AL R R OGA REE T 1E % Re O 5T
(D). He . BITRA K, 2014
WANG C L, XING D, CHEN Q. A novel method for meas-
uring photosynthesis using delayed fluorescence of chloroplast
[I]. Biosensors & Bioelectronics» 2004, 20(3) : 454-459.
TR, %, RESEAN . S o L VT IR BT IS U A A
i3 WKIEJtF(*i*E%E’J)'tA%ﬁ[J] A F M, 2015, 35

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

(3): 733-741.
DING J X, ZOU J, TANG L S, et al.

acteristics of three different life-form plants in the desert-oa-

Photosynthetic char-

sis ecotone of Keriya River Basin[J]. Acta Ecologica Sinica ,
2015, 35(3): 733-741.

TEhLL, KB, R, S5 T DX 9 4l 3 AR AR 4 T
MR RE D RETE (0], KR _séf%ﬁ, 2020, 41(1): 1-8.
FENG J H, LIU D F, WU G H, et al. Carbon fixation and
oxygen release capabilities of common plants in the Water-
level-fluctuation Zone of Three Gorges Reservoir[ J]. Jour-
nal of Hydroecology» 2020, 41(1); 1-8

X2, ARIE, B2, % ﬁlr’%)ﬁ*ﬁﬁzﬁﬂﬂmﬁﬂ:
WA R A A1) A AR, 2020, 39(12):
4 098-4 109.

LIUW X, XIASJ, MUR L, et al. Seasonal variations of
photosynthetic characteristics of three typical green plants in
central loess plateau[ J]. Chinese Journal of Ecology . 2020,
39(12): 4 098-4 109.

FARQUHAR GD. SHARKEY TD. Stomatal conductance
and photosynthesis[J]. Annual Review of Plant Physiolo-
gy, 1982, 33, 317-345.

WA, 0 Gk, A, S R R K A R ORI 5T
LRRLT]. A& %M, 2009, 29(7) . 3 882-3 892.

CAO S K, FENG Q. SI'J H, et al. Summary on the plant
water use efficiency at leaf level[]J]. Acta Ecologica Sinica ,
2009, 29(7). 3 882-3 892.

XAl MRS, BT, AF. TR R X LR TR 1O
AR AS SRS HEEFM, 2014, 30(D): 113-118.
LIU Q. ZHONG Q C, CAO L F, et al. Comparison in pho-
tosynthetic characteristics of several salt-tolerant species of
trees and shrubs in coastal polders[J]. Journal of Ecology
and Rural Environment , 2014, 30(1): 113-118.

S, IV, BRARTE, . HARE I E )20 A R
ZS B LT]. MRolkBHE, 2019, 55(6) : 13-21.

XIA G W, SUN X M, CHEN D S, et al. Spatial variation of
photosynthetic characteristics in canopy of Larix kaem pferi
[J]. Scientia Silvae Sinicae. 2019, 55(6): 13-21.

W, X B, B AR, A = X AT SRR PO A B
RAE S e R R L], K R ARFFRITSE . 2020, 27(1): 305-311.
FENG J H, LIU Y, XIAO H L, et al. Photosythesis and
carbon sequestration characteristics of typical plants and their
influencing factors in reservoir riparian region of three gorges
reservoir J ]. Research of Soil and Water Conservation ,
2020, 27(1): 305-311
JA SR, B, EEE . .6 A A S BIE R EOL A G R
FAEEOEE S B H A m e [J]. AE SR E 2R,
2015, 31(5): 690-696.

ZHOU Q, HU S B, WANG Q Q. et al.

tween six ecotypes of vetiver grasses in photosynthetic light

Comparison be-
response and diurnal variation of photosynthetic parameters

[J]. Journal of Ecology and Rural Environment , 2015, 31
(5): 690-696.

(8 KT 1)



