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Changes in Morpho-Physiological Characteristics Related to
Shade Conditions and Leaf Node Positions
in Robusta Coffee Leaves
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Abstract

The vegetative growth of Robusta coffee plants in a mixed-fruit tree orchard is affected by
multiple environmental factors. Moreover, it is directly dependent on the capacity to acclimatize
to the abiotic stress conditions. This study was conducted to evaluate the effects of light conditions
on the characteristics of the leaves of Robusta coffee plants, which were subjected to two different
conditions of light. Sampling and measurements were collected in the youngest fully expanded
leaves of lateral branches. Pairs of leaves were selected based on the leaf positions (1%, 3" and 5"
nodes). Results showed that Robusta coffee leaves from trees grown in the shade had lower values
for specific leaf weight, stomata size, photosynthetic rate and water use efficiency (WUE) than
leaves from trees grown in full-sun light. Moreover, there were significant differences between the
leaf positions. Leaves that developed at the 3 and 5" nodes were larger in structure (leaf area,
specific leaf area and specific leaf weight) than leaves developed at the 1* node. Besides this, the
highest stomatal size (stomatal length and stomatal width) and physiological responses
(photosynthetic rate and WUE) were observed in the leaves exposed to full sun conditions with
developed at the 3" and 5" nodes. This study demonstrates that light conditions and leaf positions
have a positive effect on the morpho-physiological characteristics of Robusta coffee leaves. As a
result, these findings could be applied to a suitable habitat for canopy manipulation of Robusta

coffee, especially in a mixed-fruit tree orchard grown in the region of southern Thailand.

Keywords: light intensity; physiological response; phenotypic adaptation; canopy manipulation; mixed

orchard
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Aunlsvad neludssmaldunndy [3] wasdl
mnelinandanuwliadouguain 100 Wy
150 ke/rai [2] dwsununlstiadfuauisaugn
T g aui 87 (monocrop) waz B nauHaIY
(mixed orchard) Fsmsmaldinuasnsdsieoagn
nunlsvasnludiasiu (intercrop) Aulddusiu
wagliing wWu n1sUgnnnlsyanisang1ants
[4] uwagn13Ugnnunlsdasiisiuyiey aaenas
Ngni a2 vilwaununlsUadndnisasgdule
LANANAUAINENINLINR BULAE T NS LARNIDBN
Ypeanwuglulaza 1A um19n L [5] LU AUNWH
Tsdaranansasyivlnuaslinanandtluanin
naLdarAIT LA uidunulsTadad
IF5uanmauduLasnIUnfiensdamanssnu
Tnsesaivlng nandas v3enmnnves
NaKAnTRYaY [6]
vaugiagInunsugnnunlsdadinele
ANINTULGIdINAR DA NBE NS YLRULRAIUY
1RSI 1IEAULATENYUENTINUAIY LYW AT
USumaduruaituiilusazsiuiud oA sanadly
sveliinanan [7] asiannsnouauesIedgu
wara3sine [8] leun n9dsuudasdugiu
Fnevaddy [9] Mswasuulamuuiniulay
yurneslinlu Ussansamniswaniua sufie
¥89lU [10] kazUseaNSNNNSEUATILRALES
waznsaeun (1] 1 udy wWuldsaduanin
wndeunIongniaiionadananon1sUSuR M
douguiaza3sinevesluniun [12]
MSANYTR AN INAN S NUYDIEN NI
wagszgvinunsvastuludumisglusiaiy GR
sgyilvmsuiensiasunlasdnuurduguuas
a3singrvedluniunlsdani wazarunsaunly

Usudganisugnniunlsvadluaninaiuliing
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2. gUnsaluazisnIg
AnulaglUS s UL B UANINAILTNLES 2
sEfU AonsAsunlasmadugiuuazaisine
( morpho-physiological characteristic) ¥ @ 9
AuvdsgluvesiununlsUasiugyuns 2 81y 5
1 Viﬂqﬂiuuﬂmamwmamﬁ’fq fanudunauade
Uszanal 1,257 pmol/m?/s wazanImsuniiainu
WaLaLad sty 503 umol/m?/s (@AINsuL
60 %) 1NLNUNITNAADILUVAUAANADH IR main
plot quaq'muqiai (split plot in completely
randomized design) 97U 10 1 (1 Ku/a)
AATIZRALLANA19VBIA WA BA 2835 DMRT
(Duncan’s multiple range test) W 5EauAI
ey 95 % Iag main plot Ao aniwnanawds
(full-sun light, FS) Wag@nIws uL91 (shade, SH)
uaz sub plot Ae dwmuagludl 1 (1) qludl 3
(3°) wazgludl 5 (5" netdugluil 1 9ndaesen
wazagluszerlumaain
Juiindeyadnuvardugiuineiveslu
$1au 10 91 Tdud Adiuiily Tnedwamaina
AunaarANE Il EaNnTs (5] ANfiuitly
y = 0.6073x + 6.3694 (12 = 0.90) lay x A A1
AunIngumeaugveslununlsdan uay
y Ao Ardluilunulsdad TufinAniminuis
Tushenaihdegidusuigumgd 65 °C 1Ty
a1 72 hr. Famtinuk wdhlusnaefiui
Tudwne (specific leaf area, SLA) anfudilu/
vy wazAmdnlusmng (specific
leaf weight, SLW) AUt LR sluse
Nufilu dauraunite auens wavaa

nuUuueIUInlu (stomatal size and density)
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laeldndeeganssaduwuy optical microscope
Mawee 400x (wudlnani 10x waztaudlnging
40x) SAVNTIAVUIAAUHULTBULUY ocular
micrometer

Juiintayadnuazaising1vesly 911y
10 91 I8 uf Usunanaslsitadluly (chlorophyll
content, Chl) Tagn1siam1autd ealua e
chlorophyll meter (SPAD-5 0 2 Plus, Minolta,
Japan) Wi eUszifiuusununaslsiladluluniuw
TsUaAnaunis [5] ArUSurunaslsiadie
(Chl) y = 0.0056x° + 0.0314x + 0.6767 (r* =
0.95) paslsiaad (Chl,) y = 0.0014x° + 0.2687x
- 1.1945 ( = 0.94) uazaaolsTladiavun (Chl.,)
y = 0.008x + 0.5104x + 0.281 ( = 0.95) 52494
USunauAlsiiuesn (carotenoid) y = 0.0007x° -
0.0094x + 0.5439 (¥ = 0.74) lng x fio AIAIW
Wewedlu wag vy Ao ArUSuunaslsiaauay
LAlSTUBEA wagAIUIME ATIdIUUT U
naelsfladimuaseiiuiily Usunanaslsiladie
fomaolsiadd wagonstaiulsununaslsiaa
WmaseuAlsiuass

JuinA9nIIN1TdIATIZABLER (photo
synthetic rate, A) Snsn1sAen (transpiration
rate, E) Inena3os portable photosynthesis (ADC-
LCi, ADC Bioscientific Ltd., England) Tugr90man
11:00-13:00 . wagAwIuAUTEANS NNy
Yhuesiiaieaunis AensInsdaaszidees
/ 9RI1N19A1 EJuy"ﬁ (instantaneous water use

efficiency, WUE) Tuainaiian 11:00-13:00 u. [13]

3. NAN1SAN®N

3.1 MsaguLUaImMINd Mg IUINE1VaY

Tu
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nsAgulUaImedugIingl wuim
anmsuafiaedefiuily (107.26 cm?) g9n31

aa v

uazilAULaNFeE T d Ay eadAduanin
nanauds seduAuAned sumdluswg
(SLW) fianmnanawds (77.57 g/cm?) fngand
anmsu dauAadefuiilusumny (SLA) Tud
AUUANAIINGETHA UianInTuda1gInd
anmnanauds susumsgly (gludl 1, 3 uag 5)
wutgludl 5 denadeduiily (11234 cm?) uax
flufludumy (0.0181cm%/g) gefigauardaaim
uansineg el deddyiugludl 1 dauriads
thmiinludumzvegludl 5 (75.13 g/cmd) gafign
wagdlanuuanaegrsiliudAynisatanunng
Tu vaurfiufduiusszminsannuasiomumag
Tu wuhiianmunvesglud 3 fauedeiuily
geian (120.90 cm?) wagdtaniwnansudewoagly
fi 3 danadsimdnludunizgei gaogied
TodAyn19ada (81.63 ¢/cm’) (Table 1) JUs
vosUrnlugununlsvasdanvausivioudu
nunes10A1 Ae LJuLUY vigna-paracytic &
Snwaiziwadau (quard cell) $1uau 2 Fu 1w
ARNBUIU SenIUntuazlszneulumieiwaddng
\waaAY (subsidiary cell) fousou 2-4 u (Figure 1)

Fruimwinsvesdinlu wuiifianimn
nataudaflfned saundnsuanlu (10.68 pum)
AN (9.11 um) LagAUUUILLLUIN
U (144.67 no./mm?) @enituazdai1uunnsiig
DL THANAYNNADATUANINTULIT AU

Alu wuialuil 3 denafeanuniiesinlu (10.50

=
[
1

pm) wagaue1IuInlu (9.70 um) qaﬁqmw

a

ANULANA19DE NN A A Y N19ad A

o

AuAludl 1
druanadganunuiniulinly wuinglui 1

(146.40 no./mm’) fiAgeiiaauazdanuuaneiig
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agdidudAnyiualuil 3 uag 5 MUAIRU vEd
Ufduriussenineaninuassiedumusglu wud

an1mnanudsvesglun 3 dauadeaunitain

Wuiganuanunukdulinluluaninnalsids

v03¢lU?l 1 (156.70 no./mm?) iAgefigaeeel

o @

HudAgyneadis (Table 2)

Tu (11.20 pm) MmenuUaly (10.20 pm) gafian

Table 1 Effect of full-sun light and shade conditions on leaf dry weight, specific leaf area (SLA)

and specific leaf weight (SLW) at 1%, 3 and 5" nodes in Robusta coffee leaves

Leaf area (cm?) o | SLAmYg) o | SLW (g/em?) (2)

Nodes Mean Mean Mean
FS SH FS SH FS SH

1 78.51c 80.60c 79.56B |0.0120™ |0.0118 |0.0119B |69.60ab |41.61c |55.61C

3¢ 100.81b [120.90a | 110.86A |0.0126 0.0142 |0.0134A |81.63a |57.64b [69.63B

5t 104.40ab [120.28a | 112.34A |0.0134 |0.0147 |0.0141A |81.47a [68.8ab [75.13A
Mean' |94.578 107.26A 0.0127™ [0.0136 T7.57TA |56.02B

@Mean of full-sun lisht and shade conditions; “@Mean of node position; ns = not significant
difference; Means within the same row or column followed by different letters are significantly

different at p <0.05 by DMRT

(FS1) (FS3)

Figure 1 Effect of full-sun light (FS) condition on size and density of stomata at 1% (FS1), 3" (FS3)
and 5" (FS5) nodes and shade (SH) condition at 1% (SH1), 3 (SH3) and 5" (SH5) nodes in

Robusta coffee leaves (400x optical microscope)
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Table 2 Effect of full-sun light and shade condition on stomata length, width and density at 1%,

3 and 5" nodes in Robusta coffee leaves

Stomata length Stomata width Stomata density
Nodes (um) Mean® (um) Mean®? (no./mm?) Mean?
FS SH FS SH FS SH
1™ 9.96b | 8.40b 9.188 | 7.56b | 5.60c 6.58B | 156.70a | 136.10a | 146.40A
3¢ 11.20a | 9.80b 10.50A | 10.20a | 9.20ab | 9.70A | 135.60a | 63.89b 99.72B
5" 10.87a | 10.10ab | 10.49A | 9.56a | 8.60b 9.08A | 141.70a | 76.67b | 109.198
Mean™ | 10.68A | 9.43B 9.11A | 7.80B 144.67A | 92.228
“Mean of full-sun light and shade conditions; ‘“Mean of node position; ns = not significant

difference; Means within the same row or column followed by different letters are significantly

different at p <0.05 by DMRT

Table 3 Effect of full-sun light and shade conditions on chlorophyll contents (Chl,, Chl, and

Chly,) and carotenoid at 1% 3" and 5" nodes in Robusta coffee leaves

Chl, Chl, Chligtal Carotenoid
Nodes (mg/cm®  [Mean®|  (mg/cm?)  |Mean® (mg/cm?) Mean®| (mg/cm?) |Mean®
FS SH FS SH FS SH FS SH
1% 23.50c|34.80ab| 29.15B | 12.67c | 18.08ab| 15.38B | 36.25¢ |53.47ab| 44.86B | 1.41c|2.19ab| 1.80B
3 |30.50b| 37.43a | 33.97A|16.08b| 19.28a | 17.68A | 46.94b | 57.45a | 52.20A | 1.88b| 2.39a | 2.14A
5" |33.77b| 37.10a | 35.44A|17.58b| 19.12a | 18.35A |51.89ab| 56.94a | 54.42A(2.12b| 2.37a | 2.25A
Mean| 29.268 | 36.44A 15.44B| 18.82A 45.03B | 55.95A 1.80B| 2.32A

@Mean of full-sun light and shade conditions; PMean of node position; ns = not significant difference;

Means within the same row or column followed by different letters are significantly different at p <0.05 by

DMRT

3.2 mqu?{ﬂmmawaw%mmﬂﬂi'mqiu

lu
nsasuidasmesUiinusiningluly
wuinfianmsuanfidnedsuiunanaslsiladio
(36.44 mg/cm?®) Aaslslaat (18.82 mg/cm?)
aaelsfladitanun (55.95 me/cm?) wazualsd

wags (2.32 mg/cm?) gani1uazia11uuANAIg
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a

wudranmsuveludl 3 TUsuudiad
Usuunanlsiladie (37.43 mg/cm?) aaelsilaad
(19.28 me/cm?) Aaelsfladsimun (57.45 mg/
cm’®) wagualsiiusya (2.39 mg/cm?) qnﬁqmaz
LafimuusnanedsildedrAgynisaianuann
u91993a Ul 1 uaz 5 (Table 3)
mMswisuulaivesnsaiuysunasn
Toglulu nuilideanuuandanisadalusiiuaes
ANNLAS uafiannsndiAnassnsdiuysinm
naelsfladiauasiofiuiily (0.35) warsnsnau
Y3uunaslsiladiosionaslsilady (1.94) gani
A01IMNA9LTS wazT animnataudelanade
SnsndnUsinunaslsiladiamuasoualsiiuesd
(25.05) g4NIEANINTHL AUUWrLeR LU Wudng

@ 1

Tui 1 dAedesnsidrudsuunaslsilaanvun

ARNWUAM (0.37) @99

Y 9

gnLardANULANA1998 198
WodAymeadifdualudl 3 uay 5 audidu du
ANRAgERsIE@NUSIAaBLSTaa LR aAaBLSHAa Y

LareRIIAINUSUIUARBLST AV aNUAG BLALST

uosslidanuuans1amsada lnoglud 51
Aadssnrduliinunaslsiiadioronaslsiiadd
(1.93) gefigauazaludl 1 fredsaamuium
Aaelsfladvioundoualsiiuans (25.06) guiign
yaugAiUdusius seminsanmuassioiu gl
NUIUTANMUFUNUS TENI1IENNULE IR DAL
YA lU (Table 4)
3.3 NNIMAUAURWNSEISINEBSTY

NMIMDUAUBINNEAITINYI1DILU WU
fanmnatusadianadesnsnsdunsizsinag
a9 (5.84 umol CO,/m?/s) wagUse@nsninnig
1914 (4.33 umol CO,/mmol H,0) ganiuavil
AMALANASDY ST Ay adRfuanINT UL
wiARasnINsAeliiruunnenw e
Tnefian nsunfiaads (1.49 mmol H,0/m?/s)
F9NIANIMNANUIL Arusuvisvesglu wuing

[

Tu 5 dAnadednsinsdansieriniewas (4.51
pmol CO,/m?/s) 8m31n15A181W1 (1.53 mmol

H,0/m?/s) tagUsyansainnisiaun (3.16 pmol

Table 4 Effect of full-sun light and shade conditions on ratio of chlorophyll per leaf area (Chl,,/LA),

chlorophyll a/b (Chl,/Chl,) and total chlorophyll per carotenoid (Chl,y,/carotenoid) at 1%,

39 and 5" nodes in Robusta coffee leaves

Chlig/LA - Chl/Chl, - Chlig,/carotenoid -
Nodes Mean Mean Mean
FS SH FS SH FS SH
1 030 | 043 | 037A | 185 | 1.92 | 1.89™ 25.71 2442 | 25.06™
3 030 | 031 | 031B 190 | 1.94 | 1.92 24.97 24.04 | 24.50
5t 032 | 031 | 0328 192 | 1.94 | 1.93 24.48 24.03 | 24.25
Mean” | 0.31™ | 0.35 1.89™ | 1.94 25.05" 24.16

“Y'Mean of full-sun lisht and shade conditions; “P'Mean of node position; ns = not significant

difference; Means within the same row or column followed by different letters are significantly

different at p <0.05 by DMRT
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Table 5 Effect of full-sun light and shade conditions on photosynthetic rate (A) transpiration rate

(E) and instantaneous water use efficiency (WUE) at 1% 3% and 5" nodes in Robusta coffee
leaves
A E (mmol WUE (umol CO,
Nodes | (umolCO,/m?/s) | Mean® H,O/m?/s) Mean® /mmol H,O) Mean?
FS SH FS SH FS SH
1™ 5.01b 2.02d 3.52B 1.25 1.26 1.25B 4.01a 1.60c 2.81B
3¢ 6.53a 2.06d 4.30A 1.49 1.45 1.47A 4.38a 1.70bc 3.04A
5t 5.98a 3.03c 4.51A 1.30 1.76 1.53A 4.60a 1.72b 3.16A
Mean" | 5.84A | 2.37B 1.35™ | 1.49 4.33A 1.678

“Mean of full-sun light and shade conditions; ‘“Mean of node position; ns = not significant

difference; Means within the same row or column followed by different letters are significantly

different at p < 0.05 by DMRT

CO,/mmol H,0) qﬂﬁqﬂLLasﬁﬂm,JLmei’mazJ'Nﬁ
doddgmsadaduglud 1 vz ujduius
FEVINANINUASULATAIMNUIA T WUT1@aIN
ﬂamm”asumﬁﬂuﬁ 3 fiAadesnsIN1sdATIZILES
(6.53 umol CO,/m?/s) KALANTNNAIITIVDIA LY

a a

7 5 danadeuszansnimnaslaun (4.60 pmol

o w

CO/mmol H,0) aeignegeldudrdynieaia

q

AIUa1AU (Table 5)

4. 3150d
4.1 @0V ULIABN5UE BURUAINIS
daugruinervaslunuwnlsdadn
MMalaaninsuian auntwnlsdannlasu
anuduastiosegiseiilamasntaseny 5 Inds
n3Ugn FedawalfiAnnsuasuudasdnuny
Tassadslu masnaunisusuiLfionavausmse
uUsyansnnlunissunasnniy Tnsawizns

vgreiveuiuluiigandluanmnaaids U

9191N15851991M15 NMTALAUTVDITINDINITHAY
mstenasaunelulgaa iy Jegouinaluii
Warnnisveslu [14] Wedununlsdasidaanis
USInainnudunawnniy denaunuainnisus
Fearnmsana Fednaddsunuasdnunrdugm
Sngrvedlu Iiud 1A uily anaruuuIes
o eRalusuresdunasndsly (adaxial and
abaxial epidermis thickness) Lagany94119018

Tulu (intercellular space) WevggauInly vinlw

Tudwuilunissukasiuuindu Wudu [9] Tu

'
a

AsAnwIATIdAUNNlsUEA o luan 1w LWl

Y

'
a

NunluwazNunluamwe (SLA) WYY kadnnn

Tudwmg (SLW) nduanas Madenadunaainnis

Usuduiaveravunnwauludevinliddndiuveg

a

Uminreiuiiluanas delufisgdulaluanv

suendunaruiuagusudalidisusraunulunng

U

INPUANINAAILIG LU WUl UL ANwT LAY

SevU [8] vaugtAgdnudsdenaliidanunuitulu
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Anarusne Tnowivlufiegluanimnatudsonadl
Fuwiaian (palisade) 2-3 Fu uranmsuasdl
Snnutunnaananas [15] dnvasuiswilily
AlFsuTnamuituiasgaiunliudnasuass
saulundnviedouriuinniy Wewndienszany
w§suaudouanuasldi$aty uananaiulud
T SuUsuranmudunassnwualiud luas il
nhetudieifisiuiigaduuadtiundu 116] deann
nsfnwadaidunaldiluduuennsmuesiu
nunnatsudsianwauzasulundnninluaninsuy
1 daluiteg anglunsavjuuazli$unaniesd
dnwazveuluFeuniluflegluanmnaiauds
annwndeudiinasonisiudsunlas
ANnuruLUuvesUnly [17] Tnglanizadnudy
was @ sluaninsuiduniund swalidaany
nuduresUnlutesningninnaisndy [18]
YulA i un1sd 9uiuliInluanase1vdang
NILNUABNTEUIUNTHUATIZVABUEILS LNTY
Urnluii eadestunssuaunisuanid sufe
msvaulaeenlesuarsnsinisaein dedladodu
waun1sveslufenadaaliddruiulinlude
Audlaguiu [19] Tun1sAnen i wansliifiuin
Snwarvashnluidluanmnanauduavaningy
widunuuiieaiu fe Uinludidnwaguuu vigna-
paracytic Usznavludeieadan 2 §u dnwae
AEBUIUAT IS Y Forinmssnaranduguintu

(pore) Audnsensaanuazsznouluneimad

q

= o

fraiaden 2-0 Fu (20] Fednvuzdinluiiziuuy
Wutheanuluniunes1dnn (Figure 1) Tasanw
waslidanasiansiudsuuiasmesdnwazuinly
wiiwnnsvesludinasioanuning Anue way
aumuuuUnty Tegluil 1 Svunaunlutios

nan wandudarunuinduuinlug e an
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