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Abstract: [ Objective] Physiological and ecological adaptation mechanism of Coffea arabica to different light envi-
ronments was studied to provide reference for high yield and standardized cultivation of it. [ Method ] Maximum net photo-
synthetic rate(P,..), fluorescence parameters, nitrogen content of unit dry weight(N), construction cost(CC) , chlorophyll
of unit weight (Chl), carotenoid content and anatomical structure characteristics of C. arabica leaf under 100%, 36% and
4% light environment were compared, and adaptability of C. arabica to different light environments was analyzed. [Re-
sult] As light intensity enhanced, Py.. and non photochemical quenching coefficient( NPQ) increased, photochemical effi-
ciency at midday (F./F..) significantly decreased (P<0.05). The results showed, N and CC input were high in C. arabica
leaf under 100% light environment, P,., , photosynthetic nitrogen use efficiency(PNUE) and photosynthetic energy use ef-
ficiency (PEUE) was high. As light intensity increased, chlorophyll/carotenoid (Chl/Car), leaf thickness(LT) , mesophyll
structure tense ratio(MTR) , stomatal pore area index (SPI) and vein density (VD) were on the rise, but specific leaf area
(SLA) and mesophyll structure loosened ratio(MLR ) decreased. [ Conclusion]As a cash crop which requires shading cul-
tivation, C. arabica is sensitive to strong light. It can adapt to the change of light environment by adjusting physiological
and ecological characteristics to reduce the damage to its photosynthetic organs.
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ERE EAR)/ING FRER0R 22 57 35 (P<0.05) . K121 &3]

Different lowercase letters on the same bar represented significant difference(P<0.05). The same was applied in Fig.2 and Fig.3

0.8

FJF,

0.6

0.4

IN— WiJRFJF, FJF, before dawn
—@— L/FF/F, FJF,at midday

V—/‘N

a

C

NPQ

4% 36% 100%
B34 BB5E F Relative light intensity

B
20 a
a

15
1.0
0.5

b

4% 36% 100%

AT BB5R FF Relative light intensity

B 2 REFIMEI/NIMEEE RS & RMIEFF/F,(A)RIEFNPQ(B) KM
Fig.2 Effects of different light environments on F./F,, before dawn and at midday(A) and non-photochemical quenching(B) at
midday for C. arabica photosystem II



9.4 IRFE, RELFRE T ok 4 50 4 Ak e + 1633 -
A SilvaZ$ (2004 ) BatistaZ (2012)WF3T & B8, 7INEL
30 : R T S R i F T A R R A LS o7 ALk
g.z 25 SEFREEAAL, AHFSE, 100%CFREE T /R F
W2 20 b b R MRS Rk I B B | B A
[ I TR /N , ST P SH Gr  PA
B HOE A SR OGS , S/ VR D AR RCR .
= Lo Drake’% (2013)BF5TIA N | 5588 (0 06 B AR AAT
05 JE 5 1 COLRIK A A5 , 785 Y6 B 1 R Iy i - fis
oo o s [ T ELAT 5 B 0 S L RIVD, 31 % (2014) BF
1A% HBRIREE Relative light intensity FEINN , VDRI AL B R RRAR R Y 2R A ]
. AT 4 5 5 HCARRL 78 1 AL 8 B A /i
a0 B I P TR £ {5 T8 /25 Bz 40 LB, 26 o7 T AR
ER A FLT /N B L T A DALk b 7 % B 035 [ A 2
W 5 ft.(Galmes and Medrano,2013) . % VDA F| T
we A R A AR R IR O , JER RO
8 1 2 (%, 2014) RS ES AOHLIRAL L P B th 25005 oK
ﬁ 1.0 T l B CCHYIE N (Niinemets, 1999) .
o FEI 10 2 K R R M5 AR S S 795 7 T [ e
: : 7€ o Poorter flVillar(1997)WF 5% &, 465 T /)N
ﬁ;;g’g;w e o RENE R CORe R, TT R IR A/ IVREIHE 46 3R
PR ReRiE ey BB A AN TR RV B R LA e v T
pr c SAECCHAI ; 3G R H WL &4 o ki
06 2 B E AR T (2000)FFTIA N, iTEOES 1R
L JH g AR K BT LA B RIS L CC gy S R
pel b BT IR B CCRyFEm, (RBL T I 7E A 4%
# < 0 PRSI R A BFIER Y R A
4%}« ¢ B 2215 ¥ (Salgado, 2008) , 251k & W
& ., i F /IR A5 {3 A 7 2 CC 72 2 B 6 10 9% 5 (Poorter
and Villar,1997) . A5, BAR/INKLMMEZE 100%
100% 36% 4%

HH3T ¢ ERSR FE Relative light intensity

B 3 RESEEIRGE XS N AL o HE I Chl (A) #1 Car & 8 (B) B
Car/Chl(C) By =M

Fig.3 Effects of different light environments on contents of
chlorophylls(A) , carotenoid(B) ,and Car/Chl(C) for C.
arabica

F | ANEXRE TR SRS S451E
Table 1 Leaf morphological and anatomical structure charac-
teristics of C. arabica under different light environments

28 Variable XTI REEJE Relative light intensity
100% 36% 4%
SLA(cm*/g) 83.96+5.59b  81.10+2.89b  123.36+7.89a
LT(um) 334.43+6.49a  288.51+2.03b  245.49+1.42¢
SPI 13.81+0.60a  12.28+0.41b 7.64+0.41¢
MTR(%) 32.2540.45a  29.43+029b  21.02+0.18c
MLR (%) 55.68+0.47b  55.97+0.38b  61.46+0.17a
VD[ pm/(pm)? ] 6.53+0.09a 6.81+0.12a 5.89+0.12b
PSR(%) 58.24+1.36a  52.76+0.88b  34.23+0.37c

[T AN RN S8 30 22 57 18 35 (P<0.05)
Different lowercase letters in the same line represented significant dif-
ference(P<0.05)

FEHBE FNAICCH AL Z | H 55 2 B B 1] P fifE
PEUE MIPNUE% i , #F Ifi B ARt DG REXDOL A 38 B
B0, 32 O E RIS , S5 Feng (2008 ) X HA i 4 42
ZEF LR 45 SR —B

4 it

ZIVREIIHE RS 5 G HEUR , AN E S A 5 A
FIAEBOE A A FDOGRE , Az 7™ bl 38 1 38 18 1
R AL A5 35 A LU AR s vt RE
AR IR ARFEHL, 8D 5B XL & & B I .

Sk

BG4  BHIOT 5 R 5N 2003, FAHT AR =R i it
J G MR S S 0 3 W [T ], AR 24l 14(4)
493-496. [Cai Z Q,Cao K F,Feng Y L,Feng Z L. 2003.
Acclimation of foliar photosynthetic apparatus of three
tropical woody species to growth irradiance[J]. Chinese
Journal of Applied Ecology, 14(4):493-496. ]

WRAEAL, AR FE 55 2008, FARE IR R AT A R A
4y e 1 A A A5 R AR [T ] AR 2524, 28 (12) £ 6034-
6042. [Chen Y J,Zhu S D, Cao K F. 2008. Comparison



+1634 -

& 5 Rk F R 48 5

of the eco-physiological characteristics between seedlings
of lianas and trees under two light irridiances [J]. Acta
Ecologica Sinica,28(12):6034-6042. ]

TARE 5 T g BRLT . 2004, BR2EE 2L SRR A KR
SR S I [T ], AR A2 4R, 15(8) £ 1373-1377.
[Wang J F,Feng Y L. Liang H Z. 2004. A daptation of
Eupatorium adenophorum photosynthetic characteristics
to light intensity[J]. Chinese Journal of Applied Ecology,
15(8):1373-1377.]

FEAEIT IS ETE. 2009. iy fi AL EEIHFEFIELE I A0 AR
YR R R (1], A4, 29(5) : 2568-2577.
[Wang R F,Feng Y L. 2009. The effects of leaf phenolo-
gy, construction cost and payback time on carbon accu-
mulation in invasive plants[J]. Acta Ecologica Sinica,29
(5):2568-2577.]

TR, Az, IMEE, BT, 2014, JEESHE PRI LIRS
Wk 2 B A DGR E AL [T ). RS RL 7244, 32(4) : 320-
328. [Zhang Y, Yang S J,Sun M, Cao K F. 2014. Stoma-
tal traits are evolutionarily associated with vein density
in basal angiosperms[J]. Plant Science Journal, 32(4) :
320-328.]

Araujo W L,Dias P C,Moraes G A B K, Celin E F,Cunha R
L,Barros R S,DaMatta F M. 2011. Limitations to photo-
synthesis in coffee leaves from different canopy positions
[J]. Plant Physiology and Biochemistry,46(10):884-890.

Batista K D, Araujo W L, Antunes W C, Cavatte P C, Moraes
G A B K,Martins S C V,Damatta F M. 2012. Photosyn-
thetic limitations in coffee plants are chiefly governed by
diffusive factors[J]. Trees,26(2):459-468.

Borkhataria R, Collazo J A, Groom M J, Jordan-Garcia A.
2012. Shade-grown coffee in Puerto Rico: Opportunities
to preserve biodiversity while reinvigorating a struggling
agricultural commodity[J]. Agriculture, Ecosystems & En-
vironment, 149(1) : 164-170.

Bote A D, Struik P C. 2011. Effects of shade on growth, pro-
duction and quality of coffee( Coffea arabica) in Ethiopia
[J]. Journal of Horticulture and Forestry, (3):336-341.

Brodribb T J,Jordan, G J,Carpenter R J. 2013. Unified changes
in cell size permit coordinated leaf evolution[J]. New Phy-
tologist, 199(2) :559-570.

Bungard R A,Ruban A V,Hibberd J] M,Press M C,Horton P,
Scholes J D. 1999. Unusual carotenoid composition and
a new type of xanthophyll cycle in plants[J]. Procee-
dings of the National Academy of Sciences of the United
States of America,96(3):1135-1139.

Cai C T,Cai Z Q,Yao T Q,Qi X. 2007. Vegetative growth and
photosynthesis in coffee plants under different watering
and fertilization managements in Yunnan, SW China[J].
Photosynthetica,45(3) :455-461.

Chaves A M, Ten-Caten A, Pinheiro H, Ribeiro A, DaMatta F.
2008. Seasonal changes in photoprotective mechanisms
of leaves from shaded and unshaded field-grown coffee
(Coffea arabica L.)trees[J]. Trees,22(3):351-361.

DaMatta F M. 2004. Ecophysiological constraints on the pro-
duction of shaded and unshaded coffee: A review[J]. Field
Crops Research,86(2),99-114.

Drake P L, Froend R H, Franks P J. 2013. Smaller, faster sto-
mata: Scaling of stomatal size, rate of response, and sto-
matal conductance[J]. Journal of Experimental Botany,
64(2):495-505.

Feng Y L. 2008. Photosynthesis, nitrogen allocation and spe-

cific leaf area in invasive Eupatorium adenophorum and
native Eupatorium japonicum grown at different irradian-
ces[J]. Physiologia Plantarum, 133(2):318-326.

Franck N, Vaast P. 2009. Limitation of coffee leaf photosyn-
thesis by stomatal conductance and light availability un-
der different shade levels[J]. Trees,23(4):761-769.

Galmes J, Medrano H J. 2013. Photosynthetic limitations in
response to water stress and recovery in mediterranean
plants with different growth forms[J]. New Phytologist,
175(1):81-93.

Haggar J, Barrios M, Bolafios M, Merlo M, Moraga P, Mun-
guia R, Ponce A, Romero S, Soto G, Staver C, Virginio E
de M F. 2011. Coffee agroecosystem performance under
full sun, shade, conventional and organic management re-
gimes in Central AmericalJ]. Agroforestry Systems, 82
(3):285-301.

Hundera K, Honnay O, Aerts R, Muys B. 2015. The potential
of small exclosures in assisting regeneration of coffee
shade trees in South-Western Ethiopian coffee forests[J].
African Journal of Ecology,53(4):389-397.

Matos F S, Wolfgramm R, Gongalves F V, Cavatte P C, Ven-
trella M C, DaMatta F M. 2009. Phenotypic plasticity in
response to light in the coffee tree [J]. Environmental
and Experimental Botany,67(2):421-427.

McDowell S C L. 2002. Photosynthetic characteristics of in-
vasive and noninvasive species of Rubus (Rosaceae) [J].
American Journal of Botany,89(9):1431-1438.

Niinemets U. 1999. Energy requirement for foliage formation
is not constant along canopy light gradients in temperate
deciduous trees[J]. New Phytologist, 141(3):459-470.

Osnas J L D, Lichstein ] W, Reich P B, Pacala S W. 2013.
Global leaf trait relationships: mass, area, and the leaf
economics spectrum[J]. Science,340(6133):741-744.

Pompelli M F,Martins S C, Antunes W C, Chaves A R, Da-
matta F M. 2010. Photosynthesis and photoprotection in
coffee leaves is affected by nitrogen and light availabili-
ties in winter conditions[J]. Journal of Plant Physiology,
167(13):1052-1060.

Poorter H, Villar R. 1997. Plant Resource Allocation[M]. New
York: Academic Press.

Salgado P R. 2008. Total phenol concentrations in coffee tree
leaves during fruit development[] |. Scientia Agricola, 65
(4):354-359.

Silva E A, Damatta F M, Ducatti C, Regazzi A J, Barros R S.
2004. Seasonal changes in vegetative growth and photo-
synthesis of Arabica coffee trees[J]. Field Crops Research,
89(2):349-357.

Takahashi S, Badger M R. 2011. Photoprotection in plants:
a new light on photosystem II damage[J]. Trends in Plant
Science, 16(1):53-60.

Tikkanen M, Mekala N R, Aro E M. 2014. Photosystem II
photoinhibition-repair cycle protects photosystem I from
irreversible damage [J]. Biochimica et Biophysica Acta
(BBA)-Bioenergetics, 1837(1):210-215.

Vaast P, Bertrand B, Perriot J J, Guyot B, Génard M. 2006.
Fruit thinning and shade improve bean characteristics
and beverage quality of coffee (Coffea arabica L.) under
optimal conditions[J]. Journal of the Science of Food and
Agriculture, 86(2) : 197-204.

(Friesmst  BA %)

A=



