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Photosynthetic characteristics of pear varieties in
central and eastern Jilin

HU Mingyue'?, YAN Xingkai*, WANG Qiang”,.LU Mingyan®,
WU Chunhao®* ,ZHANG Maojun®

(1 Agricultural College of Yanbian University ,Yanji,Jilin 133000,China;2 Pomology Institute ,Scienti fic Observing and

Experimental Station of Pomology ,Jilin Academy of Agriculture Sciences ,Gongzhuling,Jilin 136100, China)

Abstract: [Objective) This study analyzed the photosynthetic characteristics of pear varieties including
Hanhong pear,Pingguo pear, Hanxiang pear and Pingxiang pear in central and eastern Jilin to provide basis
for variety division and high-efficiency cultivation. [Method] Trees of Hanhong pear,Pingguo pear, Hanx-
iang pear and Pingxiang pear at the age of about 10 years in moderately vigorous fruiting period in Gong-
zhuling and Longjing were chosen. The leal chlorophyll (Dualex value) content, net photosynthetic rate

(P,) ,transpiration rate (Tr),stomatal conductance (Gs) ,intercellular CO, concentration (Ci),PS]] maxi-
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mum photochemical efficiency (F,/F,), maximum quantum yield Y ([l ),photochemical quenching coeffi-
cient (¢P) and non-photochemical quenching coefficient (NPQ) were determined at the end of August from
08:00 to 11:00 to analyze differences in photosynthetic capacity. [Result] (1) Dualex values were quite dif-
ferent with larger values in Longjing than in Gongzhuling and the largest difference in Hanhong pear. (2)
P., Gs,Ci,and Tr were significantly different between the two regions. The values of P, ,Gs,and Tr were
higher in Gongzhuling than in Longjing,while the values of Ci were opposite. (3) The F,/F,, value of the
two regions was 0. 72 — 0. 81 without significant differences among varieties and regions. The values of
Y (Il ) in Gongzhuling were larger than that in Longjing. The Y(II ) value of Pingxiang pear was the largest
and that of Hanxiang pear was the least in Gongzhuling. The Y (]I ) value of Pingguo pear was the largest
and that of Hanhong pear was the least in Longjing. The value of ¢P in Gongzhuling was larger than that in
Longjing without significant difference among varieties. The NPQ values of Pingxiang pear and Hanhong
pear in Gongzhuling were larger than those in Gongzhuling. The NPQ values of Pingguo pear and Hanxiang
pear were smaller than those in Gongzhuling. The NPQ values of pears in Longjing were larger than those
in Gongzhuling. The NPQ value of Hanhong pear was the largest in the two regions. [Conclusion] The
photosynthetic capacity of pear varieties in Gongzhuling was higher than that in Longjing. The capacity was
in order of Hanhong pear>Pingxiang pear >Pingguo pear > Hanxiang pear in Gongzhuling and Pingguo
pear>Hanxiang pear>Pingxiang pear >Hanhong pear in Longjing.

Key words: pear;cold resistance;ecological region;photosynthetic characteristics;Jilin Province
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2.1

£1 FHAAESK 4 WHER[FMMF Dualex ERLLE
Table 1 Comparison of Dualex values of 4 pear varieties in different ecological regions in Jilin
Ecological region Pingguo pear Pingxiang pear Hanhong pear Hanxiang pear
N FE W% Gongzhuling 32.7+1.8 Ba 36.4+3.1 ABa 41.44+2.0 Aa 41.54+0.8 Aa

¥ Longjing 34.5+1.4 Ba

37.5+2.6 ABa

31.942.1 Bb 41.540.4 Aa

T« AT B 5 e A 7 RS 5 6 K [R5 B Jm b A TR/ 5 B R R R AR BLAE P<<0. 05 K27 835 . FRR.

Note: Different uppercase letters indicate significant differences among varieties at the P<C0. 05 level and different lowercase letters indicate

significant differences among regions at the P<C0. 05 level. The same below.

[Fi] — fif P 7 N [R) 3 X0 B Dualex {EH A7 #F — &
25, BRIELFLSL, HoAth 3 A F AT B Dualex {1
KNI >N FW8d B F 2R AR E R
1D
2.2 AEEDSRESFHHAEXGEESHNTIL

M1 3R 2 AL AL Ol G 3R (PO R/ Sk
IR A FWTT > i, 20T S 5 Fp ot

FigtA&# R (PN 10.4~17. 8 pymol/(m” « s),
H P AEK/NIT hy FE LT R >3 AL > FE A5 R >3
AL JELL AL T A S A e I S A A
A REE AR (PO R 9. 9~16. 3 pmol/(m” »
$) H Py AH RN hy FE e AL FELLRL SR AL >
FHERR R EFEN EORMNER AR E. A
/N TIEFRL.
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Table 2 Comparison of leaf photosynthetic parameters of 4 pear varieties in different ecological regions in Jilin

BH TEK TR g LR T
Parameter Ecological region Pingguo pear Pingxiang pear Hanhong pear Hanxiang pear
AP/ /A F 14 Gongzhuling 12.2 Ba 10. 4 Ba 17.8 Aa 10.8 Bb
(pmol « m™2 « s71) . B
Net photosynthetic rate JH Longjing 11.1 BCa 9.9 Ca 13.1 Bb 16.3 Aa
SILFE(Gs)/ N F I Gongzhuling 248. 8 Ba 263.1 ABa 351.7 Aa 274.9 ABa
(‘umol em 2es 1)
Stomatal conductance J& 3 Longjing 237.5 Aa 197. 0 BCb 164. 2 DCb 225.6 ABb
1] CO, ¥ (Ci R .

Hll CO: {%E“ D/ A\ F 1% Gongzhuling 298. 4 Aa 305.9 Aa 292.7 Aa 291.3 Aa
(‘U.m()l * mol )
Intercellular CO. con- J¢# Longjing 307.5 Aa 313.2 Aa 247.8 Bb 255.6 Bb
centration
KR (Tr)/ N FE I Gongzhuling 2.1 Aa 2.6 Aa 3.0 Aa 2.8 Aa
(mmol e m™ 2 « s 1)
Transpiration rate JH Longjing 1.5 BCb 1.2 Cb 1.9 ABb 2.2 Aa

FUWe T > e . 2 F 08T AL G Fh it R <AL
(Gs)2N 248.8~351. 7 ymol/(m* + ), H Gs {H K/
NIy Sk JE LT B > FE /R >N/ R SRR JELT AU
(1 Gs B 9 25 m T AL, gy il b ) 22 5 A48 1 3% 5
et T AL R Gs % 164, 2 ~ 237, 5 pmol/

M2 2 L R AL (Gs) RANRBL N 2

3.

(m* « s, Gs {H R/ Ay~ R B> FE /B>
TRIELR L PRAN Gs B R T FRMIELL

H1 2 2 W FELLAUME B AL g ) CO, #k
BECCORI N e I << Fe T gy 2 Al F 3k
BB . 28 0T 4 AFLAL R A Ci 2291,
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T HIFH ARSI R Tr 1. 2~2. 2 mmol/
(m? ) 6 Tr (i /MU 3675 50 627 0 3
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3 M, AFWHAR G F/F, 6N
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Table 3 Comparison of leaf chlorophyll fluorescence parameters of 4 pear varieties in different ecological regions in Jilin
28 AKX FIRA WAER FELL AL e R
Parameter Ecological region Pingguo pear Pingxiang pear Hanhong pear Hanxiang pear

F./F. N\ F % Gongzhuling 0.76 ABa 0.81 Aa 0.77 ABa 0.73 Ba
J&H Longjing 0.74 Aa 0.80 Aa 0.72 Aa 0.76 Aa

T A F I Gongzhuling 0.55 Aa 0.59 Aa 0.55 Aa 0.51 Aa
. H Longjing 0.53 Aa 0.47 Ab 0.35 Bb 0.47 Ab

P A FE I Gongzhuling 0.93 Aa 0.82 Aa 0.90 Aa 0.91 Aa

J& 3 Longjing 0.84 Aa 0.77 Ab 0.86 Aa 0.78 Aa

NPQ 4 EIB Gongzhuling 0.61 Ba 0.58 Bb 1.30 Ab 1.09 Aa
3 Longjing 0.58 Ca 1. 07 Ba 2.55 Aa 1. 05 Ba
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Table 4 Principal component analysis of various indexes of tested pear varieties in different ecological regions in Jilin

i H HFAIE [7] i Feature vector
Item 4> 3 Factor 3 %43 1 Factor 1 .4y 2 Factor 2
P, —0.137 0.732 0. 560
Tr 0.373 0. 820 0.108
Ci 0. 808 —0.434 —0. 255
Gs 0. 740 0.622 0.099
F,/Fu 0.602 —0. 447 0. 547
YOI 0.984 0.055 0. 000
qP 0.213 0.709 —0.615
NPQ —0.852 0. 297 0.034
¥ fE {8 Eigenvalues 3. 458 2.577 1.077
HEAE{E BTk %/ % Eigenvalue contribution rate 43.231 32.216 13. 466
23t 5k %/ % Cumulative contribution rate 43.231 75. 447 88.913
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Table 5 Comprehensive evaluation of photosynthetic and physiological status of the tested pear varieties in
different ecological regions in Jilin
/N F % Gongzhuling 3 Longjing
BH FELL R WA WA FEFH R FEL A WA FRAL FEFHH
Item Hanhong Pingxiang Pingguo Hanxiang Hanhong Pingxiang Pingguo Hanxiang
pear pear pear pear pear pear pear pear
S #4145 43 Score 1.098 0.787 0.470 0. 235 —1.656 —0. 449 —0.062 —0.418
H4 Ranking 1 2 3 4 8 7 5 6
A B B L I 4 R B
3 Wie 5%
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Fra AL R W B Y O AR R AR
g, 2 FIETT 4 RS FP I R Y Dualex {8 DL JE
A d iy SR AL B I e T DL E R AL L R AT
ZUE A, WA 2240 %L Dualex [H2E R K, HUA
FUSTT T e T, LA R ) 22 S5O B ¢
ARG T (POE LA EIB T B T k3t

T A A o N A B P B N L 2 5
A ZESE N T R DG IRE S RO RE R RE T .

5 WA AR TS R — B

Gs 2R LI R IT R L 52 0 25 1 0 O 5 1
FH WP 0 A ) B 28 1 A o A L 5 B 9 i T
TR AR5 CO, MK PR S48 » DT 8 35 75 i 1
HFNEOL G R LU A [ IR EE & . Ci 3R
KA K AN 5 AT CO, 8l 25 - i 14 165 7] v
FEN S AR TR A W A P o T A A
S0 SO AR A R T A B
P4 52 0 DAL T AR 0 1) D' 5 Rl AR DAy 10 W A 4 A
KRPT a5 i Fa hr- . ARBFICLE R KR A E
U T AR I TS P M 4 Fh B RO S S8 PG,
Ci Tr M E2E 5 A FIRTH 4 DFLL AP Gs B
ROy AR E R B K 2. B Gs R OB R RE T
Mg . AL R AR LI R & R B O 5 3
REYZES . AP AR P, A Ci [T fE 0] 3
BRAALFEMTRERS T P,k P, TR Ci
T BRI P, i) EZRIERALBE R
IR Ci P, fEHIY LA T T 38 T e i 15
AL PR ER R R P M Ol R 2 S R R R
AFIWRTHEER P, HEF/ T RIW. W CEHE
Fom TR B AR AL R M) 4 b, 24 O

IS4
3

o o DX A 7 A ) 3 SR S AN [ AN [ g Y
R A AN A TR

M4 R IO A E IR . Fo/F. AR
PS I f ROt 7 & 777 & . BE 5 VR B Hh A W vk AR 1Y
RACERETT . Z SR — 4 H5 78 0. 84 Zfq e TR
Jp3E R AR N AR SR A R RN 2 RS
XA gL AP F/F, (HR 0. 72~0. 81, [/ — b Bl 7E AN [F)
i DX TR 22 53 5/ » B A () 2B 25 DXOE IR B 3k PS I
ARG PE R /N Y CID B T #  AE A 114 52 B
oG A L ARG T K 4 Bl AL R Y
Y CIDAE 2 BAZS F2 0 17 = e i 15 ] 2 32 0 3 X
BLELFPSEBROE A ROCR SRR TR IFHIX . oP Nt
PE2E A KRB S SO O R T IR JBE 2
AW . Bk 4 R AL Bl gP R B O A E
W =T T o UL 2% F2 08 Ml X S AL b PS T 4 4K
e T A S Al 2 BB I ROCR B A R T e O X
NPQ S HE Al 2 7 K K H R /IN fE B 4l 4K 1) D't
RE ARREIE SURE RN B0 407 o ARBIFEh SR AL
FERA NPQ E U HHT <A EWRH. (A HZ
] 22 S5 AN 3 5 TS A RUANFE LR LU e > 8 &
e H 3 Z 1A A7 A 35 22 S, DA M 2 DL JE A AL
NPQ fH e K - YW FELL AL 7 Wl i e BEIF R T T
HL A% 388 T K 22 LA ARBETE SRR HIL, TR I JE 21 R X <

e A8 A A8 R X 5 R AE T BT R B

P I AT R o 2 20 T 4 X 2 B Ol 5 S Bz v 0
£ T I JBE R 0 B g W SO BE S 22 o Al AR Y O
TR AL A BE A PR 2R KA BE ) o L SE P&
BORH Y

AW X 2 T e T e T P 4 R AL g
il it 3O 2 O AT 32 2 L 18 R/
WRI N 4 FUe T, FELL AL > A RU S R AL > 8
AL W CERR S TEF R /R IE AL,



509 3 W3 L 45 < 75 bR P 2RI X AL

Fift i} o AT 5 37

(&% k] [10]
(1] SREAES A, 3RE AL ™ L & R IR L 3 77 76 7] 5 %) 3%

A L1]. R . 2019,36(8):1067-1072.

Zhang S L,Xie Z H. Current status, trends, main problems and

the suggestions on development of pear industry in China [J].

Journal of Fruit Science,2019,36(8):1067-1072.

(2] ALFEIHR. Bk 7 B8 8 SR 1) Ko 56 [T, db 77 R4, 2014
(2) :44-45, REN
Du G D. The current situation, problems and countermeasures
of Qiuzi cultivation [J]. Northern Fruits,2014(2) :44-45,

(3] BT « BRAIL. EIRH « PRI AT 52 8« B A # A4
RN TE 3 AN TR UL TS e G S Y e T E
2014,30(28) :217-225.

Ayiguli » Tiemuer, Yusufu + Abulitifu, Patiman + Abudurehe-

man. Evaluation on cold resistance of land race pears in Xin-

jiang [J7. Chinese Agricultural Science Bulletin,2014,30(28) [12]
217-225.

[4] ERB.ZERA Ui, % 78 LR 2058 BT 3L & Fhonl

it 55 e [, b7 SR, 2020(1) : 1-6.

Wang J Z,Li J C,Sha S F,et al. Retrospection and prospect of

pear breeding in Liaoning Institute of Pomology [ ]J]. Northern [13]
Fruits,2020(1) ;. 1-6.

(5] sR&H XEFE R, 5. FREIE 4EEE P ERUR R
[J]. dt77pd 2 ,2012(20) - 187-190.

Zhang M J,Liu Y F,Wang Q,et al. New hardy resistant pear
cultivars released by China in recent ten years [ J]. Northern
Horticulture,2012(20) : 187-190.

[6] Fl&he. % KHi. X4 = . . 3T Dualex #¥) £ M-I 4% 3 AL [14]
YA /NAE N 2 28 i R O AG 58 ()], AR #2019, 39
(5):595-604.

Wang T T,Chang Q R,Liu M Y, et al. Hyperspectral estima-

tion of winter wheat chlorophyll content based on dualex plant

polyphenol-chlorophyll meter [ J]. Journal of Triticeae Crops,

2019,39(5) :595-604. [15]
(7] Z& BB WL BT 5. & B 2 Rl s et R fig )

LER AN GG RRAEAY LB [T, PE AU R 2 4 2009, 29(2) 1 275-

282.

Li C,Cheng M, Tang Y D,et al. Characteristics comparision of

leaf anatomy structure and photosynthesis of two salix species

at Qinghai-Xizang Plateau [ J]. Acta Botanica Boreali-Occiden-

talia Sinica,2009,29(2) :275-282. [16]

[8] Fr—Wh.2ag, x4 10 Bl 34T A9 & b ot & %
FOLRERTSE [T PO 2240, 2020, 41(7) . 1373-1379.

Qiao Y N, Li Y G, Liu P, et al. Photosynthetic characteristics
and chlorophyll fluorescence characteristics of ten ornamental
bamboo species [ J]. Chinese Journal of Tropical Crops,2020,
41(7).1373-1379.

[9T XUJEFT X BBk, 23 IR I, S = K Jo I AR B 90 0 & R P HL AR [17]
Wge [J]. AL BB, 2015,24(6) :952-956.

Liu Z L.,Zhao M Z,Qin J J, et al. Photosynthetic characteristics
of three woody vines [ J]. Ecology and Environmental Sciences,

2015,24(6) :952-956.

LR PR EE L S 3 A A G S M A g R Bk
FEPEGY L BT ST [T, 79 AU A ¥ 2 4, 2010, 30 (10) : 2067~
2073.

Shen Z G, Chen C Q. Wang L L, et al. Photosynthesis and
chlorophyll fluorescence characteristics of three dendrobium
species [ J]. Acta Botanica Boreali-Occidentalia Sinica, 2010,
30(10):2067-2073.

5 AR BRI SRR L AR K I X T B A R RO A
et REma [T, V8 b A MR RE B 2% 22 W CA AR B2 D
2014,42(1) :89-95.

Li C,Zhao W J,Zhang D A, et al. Effects of water stress on
matter production and photosynthesis characteristics of
broomcorn millet ( Panicum miliaceum 1..) []]. Journal of
Northwest A&.F University (Natural Science Edition) , 2014,
42(1) :89-95.

RS WL AL AR AR R O G e B
FYOG WIS [T, dbIr 2, 2015(20) :6-12.

Zhu Z H,Ma M, Jin G M, et al. Comparative studies on photo-
synthetic characteristics and chlorophyll fluorescence in five
apple cultivars [J]. Northern Horticulture,2015(20) ;6-12.
AT AL M AR AR W aa X i 2 i i 2 Oy et
LRI B (] p E G Al . 2021 (1) : 63-68,
104.

LiJ Q,Han Y Z.Dong Y P.,et al. Effects of low temperature
stress on chlorophyll fluorescence parameters of two grafting
methods of coffee [J]. China Tropical Agriculture,2021(1):
63-68,104.

B AR B AR R UIRIBI ) 4 R R SRR
PNS BT [T Molk 54 5 FH%,2021,36(1) - 85-88.
Wei L. B,Dong J H,Qian J.et al. The changes of chlorophyll
fluorescence parameters of four Catalpa spp. species during
cold hardening [J]. Forestry and Ecological Sciences,2021,36
(1):85-88.

BT, AT LRI, & T AL Rt g 19O S48
FA 3 o Rl ARG TRV 30 2 S PR (U] e R R 2
2020,35(10) :1063-1070.

Huang L. F,Li J] Q,Wang X Y, et al. Low-temp tolerance of
coffee seedlings evaluated by photosynthesis and chlorophyll
fluorescence indices [ J]. Fujian Journal of Agricultural Sci-
ences,2020,35(10) :1063-1070.

WL JE ML EMUT, L ARIR A X 3 RS 4y i gt
IO A [T P R Rl 5 4 2020, 33(7) : 1474~
1479.

Huang H,Qu Y, Hou Z D, et al. Effects of low temperature
stress on chlorophyll fluorescence characteristics of three
meconopsis seedlings []J]. Southwest China Journal of Agri-
cultural Sciences,2020,33(7) :1474-1479.

EIIH ARV 0K BRI SR X R RS RS
FetERe R (11, 20 TR A #2019, 17(7) :2392-2398.

Wang Y L, Xu D P, Yang Z ], et al. Effects of pruning and
ethylene on photosynthetic system characteristics in Dalber-

gia odorifera []]. Molecular Plant Breeding, 2019, 17 (7):



38

Pl e MR K 0 AR

5 50 &

(18]

[19]

[20]

[21]

[22]

[23]

[24]

2392-2398.

Z FREEN R OTVH SIS ERENESES
B ABRSY (], S22, 2019,36(1) 1 76-85.

Li D,Huang Y J,Zhu N,et al. A study on the phenotypical,
physiological and biochemical characteristics of the cold resist-
ant Sanming wild banana ( Musa itinerans) []]. Journal of
Fruit Science,2019,36(1):76-85.

W L AR A L 5 A SR A8 IR TR A T R R SR B S AOG B Je
YA 0 A8 Ak BT FEME T AN [T 1. Bl PR 53R, 2018, 39
(3):465-471.

Chen M H,Cheng S P,Zhang Z L, et al. Changes of photosyn-
thetic {luorescence and evaluation of cold resistance under cold
stress for different chewing cane varieties [ J]. Chinese Journal
of Tropical Crops.2018,39(3) :465-471.

[ RS I W R 11l S N S FI R S B AR
St oA R R A R R A At [T o iR A A
#.,2017,39(1) :37-46.

Chen Q,Yuan J H,Sun W C,et al. Leaf photosynthetics and
endogenous hormones of spring and winter rapa(Brassica ra-
pa L.) under low temperature [ J]. Chinese Journal of Oil
Crop Sciences,2017,39(1) :37-46.

AR, T . 2T, 4. NaCl Bt X R 8] & Fhdb 38 5 5L
JeE S HM I [J]. ARAEAOk R4, 2019,47(5) :36-41.
Zhao ] W, Wang M, Li Q Y. et al. Effects of salt stress on
photosynthetic and chlorophyll fluorescence parameters of
Pyrus calleryana [J]. Journal of Northeast Forestry Univer-
sity,2019,47(5) :36-41.

EOUb L AREE L R B AR R I I X R R AL SR
BN ERIOCS R H RS [T P ERR, 2018
(4):23-26,30.

Yan S,Li X G.Xu K. et al. Effects of selenium fertilizer on
photosynthesis, chlorophyll fluorescence parameters and tis-
sue structure of ¢ Nanguoli’ pear leaves [ J]. China Fruits,
2018(4):23-26,30.

VLR B R A aeag, A5, IR AR AL 3 R S A 4 1k I
PSRBT [T Brid ok R+ ,2016,53(5) : 820-825.
Jiang Z B, Liao K, Niu Y Y, et al. Comparison of photosyn-
thetic characteristics and fluorescence parameters in three tree
shapes of Korla fragrant pear [ ] ]. Xinjiang Agricultural Sci-
ences,2016,53(5) :820-825.

RO H R AU A B AR D TR TR AR A AT R G B e OK
FE& SRR R iy L)1 L 7R R, 2021(4) ¢ 1-
6.

Hao Q Y., Zhang M M, Zhu M, et al. Effects of row spacing

[25]

[26]

[27]

[28]

[29]

[30]

configuration on maize morphology, photosynthetic index and
yield in different ecological zones in Liaoning Province [ J].
Liaoning Agricultural Sciences,2021(4) :1-6.

ffIEZs, A 208, 0 W, 4 AR L AL R RE RN
3B A 0 oA B s e kb 2 ma L1, Mol BHEGE IR 2021
(2):47-50.

He Z K,Niu J Q.Ma M,et al. Effects of intermediate cuttings
on photosynthetic and fluorescence characteristics of leaves in
different canopy and parts of “Hongfushi” apple [ J]. Forest
Science and Technology,2021(2) :47-50.

PRV, T O, BAEE & TR AR T R R Al T E
Rt ROt G R R g RSO R R g [T ] TRl B
2,2021,49(2):108-114.

LiC H, Yu H, Li D G, et al. Influences of different inter-
stocks on photosynthetic and chlorophyll fluorescence charac-
teristics in leaves of Yueguan apple under alternation of dr-
ying and wetting [ ]J]. Jiangsu Agricultural Sciences,2021,49
(2):108-114.

W SCIN L0 B i A5 TV @ iR 3RO (8] A 25 X 4 5 S 2R
HeAREEDRSE [J]. PUrg 4l 254, 2016,29(6) : 1291-1295.
Yang W Y,Xie H J,Tao L,et al. Research on photosynthesis
of ‘Golden Delicious” apple in 4 different ecological zones of
western Sichuan plateau [J]. Southwest China Journal of Ag-
ricultural Sciences,2016,29(6):1291-1295.

WLV P 5 4 SO L A 1 s Y RO [R) A 25 XS R Y
20 Y P 2 AR Tl 5 R 1 L A [T RN 2R, 2016, 33(2) : 164-
171.

Xie H J, Tao L, Yang W Y, et al. Comparison of chloroplast
ultrastructure of ‘Golden Delicious” apple leaves in different
ecological regions of high attitude areas in Sichuan-Tibet [J].
Journal of Fruit Science,2016,33(2):164-171.

GO TN I E F 2 P R N T e R T 2 C B A IR ]
TR P M 2 R ek v [T, AR BT % 4, 2013, 22
(4):588-594.

Dong Y, Tian K,Guo X H,et al. Impacts of regional climate
change on chlorophyll fluorescence characteristics of plateau
wetland plants in Napahai, Yunnan China [ J]. Ecology and
Environmental Sciences,2013,22(4) :588-594.

B = = AR EAR X RS HE L AR RS R A RO R
gLife s (1], s E R R ,2015,48(1) : 130-139.

Li SS,Du G D, Liu Z K, et al. Effects of orchard mulching
grass on the microstructure and function of photosystem in
apple leaves [J]. Scientia Agricultura Sinica,2015,48(1) :130-
139.



