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Abstract; Arabica coffee has the habit of shading cultivation and its growth often is inhibited by soil
drought stress. Shade changes micro-climate of coffee growth and further affects photosynthetic
characteristics and water consumption. The object was to explore suitable management mode of water and
light, using three levels of deficit irrigation, i.e., light deficit irrigation (DI, (65% ~ 75% ) field
capacity ) , medium deficit irrigation (DI, (55% ~65% ) field capacity) and severe deficit irrigation
(DIg, (45% ~55% ) field capacity), respectively, and three levels of shade, i.e., no shade (S,,
natural light) , light shade (S,, 50% natural light) and severe shade (S, 30% natural light). The
effect of deficit irrigation and shading levels on daily mean photosynthetic characteristics, growth and
water — radiation use efficiency of arabica coffee was studied by pot experiments, and regression model
was established under different deficit irrigation and shade levels. The results showed that compared with
DI, , DI reduced coffee leaf net photosynthetic rate, stomatal conductance and radiation use efficiency by
17.61% , 22.99% and 27.43% , respectively, and reduced the total dry mass by 6.29% , but DI, had
no significant effects on leaf net photosynthetic rate, stomatal conductance, radiation use efficiency and
total dry mass. Leaf radiation use efficiency of S; was the lowest, S, was the second and Sy was the
highest. S, or S, inhibited net leaf photosynthetic rate and water use efficiency, and S, increased dry
mass by 11.14% . Compared with DI, S, shading under deficit irrigation reduced leaf transpiration rate
but increased light use efficiency significantly. Leaf radiation use efficiency showed a significant
exponential relation with photosynthetically active radiation. Irrigation water use efficiency was increased
first and then decreased with the increase of water deficit level and shading degree. On the basis of high
dry mass accumulation and water use efficiency, the suitable mode of water and light management of
arabica coffee was the combination of light deficit irrigation and light shade (DI, S, ). The study results
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can provide scientific basis for irrigation and shade management of arabica coffee. In addition, this

experiment was only focused on coffee growth, dry matter and water — radiation use, and yield, quality

and flavor were not involved. Further systematic discussion of arabica coffee was needed under different

irrigation and shade conditions.

Key words: arabica coffee; deficit irrigation; shading; photosynthetic characteristics; radiation use;

water and radiation coupling
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Tab.1 Effect of deficit irrigation on daily photosynthetic characteristics of arabica coffee leaf under different shading

Hoba A/ R/ AT/ WK RRCRE, R SRR R AR/
HEAKIK K L Lo L » B
(pmol-m™"-s7") (mmolem ~“+s™") (mmol:m™"+s™") (mmol+mol ™) (mmol-pmol ™)
So 2.610.31" 2.36 0. 28" 17.65 £2.56* 1.11 £0.06™ 6.07 0.05"
DI, S, 3.11 20. 40" 2.20 £0. 17 28.23 %5. 86" 1.43 £0.17° 16.96 0. 01
Ss 2.72 0. 18 2.14 +0.32% 20.67 +3. 84 1.44 +0.26" 28.49 +0.09"
So 2.62 +0.38" 2.22 %0.25° 24.81 3. 65" 1.18 +0.13* 5.60 £0. 13"
DIy Sy 2.94 +0.30" 2.21 %0.30° 21.90 +6.47™ 1.40 0. 13" 15.63 £0.07"
S 2.97 +0.32 2.10 0. 17 23.04 +4.66™ 1.43 £0. 14° 30.52 +0. 92°
So 1.99 +0.26" 1.88 +0.21" 14.92 +2.33" 1.06 +0.09™ 4.07 +0. 08"
DI Sy, 2.84 +0.23" 2.25+0.27° 16.21 +4. 02" 1.33 £0. 15 14.83 +0.36°
Ss 2.13 £0.28" 2.15 +0.25" 20.12 +4.22% 1.01 0. 11" 18.49 0. 12°
BFEVERL (P (E)
HE KK <0.001 0.2179 0. 006 9 0.088 0 <0.001
S [ 7K S <0.001 0.467 8 0.3025 0.0310 <0.001
HEIK K- x 38 BH 7K - 0.076 0.043 8 0.0397 0.476 8 <0.001

TE B NI ME £ ARiEZE (n =3) , FSIEBUE S A RIVNG P8R 22 57 3% (P <0.05) , R I,
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1 DI S, &b 3 1y 25 M 43 51 Bk /1N 15.54% . 8.79%
15.88% .26.20% .18.43% F1 18.00% , ifii DI, S, 4b
FHAN DI, S Ak 3 2R i /N AN B i DI S Ab 3 DI S,
LB DS, 4k FE | DIGS, kb A DIS 4k B30 H- 504y
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Tab.2 Effect of deficit irrigation on arabica coffee growth under different shading
7KK JEE [ 7K - R %5/ cm ZXHl/mm 5 i/ cm B ARAL g BB/ em
So 74.5 x1.2% 11.8 £0.3" 66.7 +3. 4" 23 +2%* 386 £7° 16.0 £0.7*
DI, S, 67.8 1.8 11.5£0.3* 73.4 £5.9° 24 +1% 379 £19* 18.2 £0.5°
Ss 69.2 +2. 9% 9.9 +£0.2" 71.0 0. 5" 19 +21 289 +11° 17.1+0.1°
So 75.3 £2.7° 10.7 0. 1™ 70.3 £0.3" 24 £ 4" 342 £ 17" 15.3 +1.0°
DIy Sy, 71.3 +0. 8" 9.9 +£0.8" 70.1 5. 4" 24 £2% 378 +8° 18.5 +2.8"
Ss 74.9 £1.2° 11.6 +0.1° 72.2 £2.2° 26 £1° 396 £11° 18.1£0.1°
S 65.6 +5.5" 8.7+0.2° 64.1+2.5° 20 +2¢ 304 £4° 15.7 £0.1°
DIg Sy, 65.8 +2.8" 9.6+0.6" 63.9 £2.6" 21 =3 311 x4 16.6 £1.0°
Ss 64.7 £0.7° 9.7 £0.5" 65.6£1.0" 20 =1 254 +4¢ 16.3 0. 4"
BFE R (P {E)

HE K K- 0.0126 0. 0009 0.105 8 0.002 1 <0.000 1 0.5303

T [ 7K - 0.299 5 0.9733 0. 600 8 0.270 6 0.003 5 0.1480

HE KK T x 38 1 7K - 0.705 5 0.009 2 0.8393 0.083 7 0.001 2 0.844 4

2.3 ARELERKF T T 6R B X/ KL o0 HEF 4 &R

ENZNZME

3 Gt R, BRAEK KX 7 4 B
BRZK 6 254 o AR L | — 3 58 AR AR
T R A SR AN 2 3 AR B K S5
HARFIX R A A H T B MR HE R
Y5 DI AR BEAH LE , DL, 40 B3 fin i AT ) ot AAR
ek EE A A S B AN B T 2 5 D
6.36% . DIJELHAIMR 25 T B TH R E MR E
A0 /N 17.90% | 33.83% ,30.03% , 13. 13% Hl
6.29% o 5 S ALBELATEL, S, AL BEAYAR (i AR ALE T

Yy R4y AR 12.33% | 10.79% . 16.42% Al
11.14% . Sk ¥ /AR FFF 9 ot £ 96k 2> 5. 75%
7.99% i 3T P 5 RN U D ST ) R S B
. 5 DI S 4 ¥EAH Lb , Bk DI, S, &b ¥ ¥4 i Fn1 DI S,
Ab D 25T I N W A SR AL B ZE T
U/ 12.78% ~45.30% , DIS, b # it B+ 4 i
I 8. 12% 17 DI, S, 2L #LA DI S, Ab FEHS i i
T B AR A A B T W B R A
4.38% ~13.34% , [ DI, S, kb ¥ 2> FF T 9 I &
ANHE AN, DL S, Ah BRI IN T 5. 42% |, 1 e 4% Ak BRI
T 6.27% ~47.40% . DI, S, Zb B i 4y B 1o

x3 FAEERAKFETSRER/NIDHTFYRERENHIE

Tab.3 Effect of deficit irrigation on dry mass of arabica coffee under different shading
- FRPE——
WAKF  EBAT " . ks ﬂm’ff/(g - - o ML %
S 43.35 £2.55" 22. 14 +0. 52° 102.03 £1.35"  40.99 +0.31™  208.51 £3.69"™  26.25 +1.36"
DI, Sy, 50.79 +1.00° 23.23 +0.35%  103.09 £1.49™  43.21 £2.10°  220.32+1.96*  29.96 0. 42°
Ss 40.72 0. 39 18.18 £0. 41" 91.52 £1.04" 28.41 +0. 14° 178.83 £1.20°  29.48 +0. 62"
So 45.38 0. 83" 21.61 +1.31° 94.77 £0. 32" 36.94 +0.65° 198.70 +0.81°)  29.60 =0. 86*
DI, S, 50.53 0. 10" 19.31 £0.30"  102.59 +4.54*  40.07 +1.81™  212.50 +3. 13" 31.20 +0.52"
Ss 41.15 0. 52 18.59 +1.06" 97.85 1. 85" 38.42 £0.80™  196.01 £0.51"  26.57 +0. 34"
So 36.08 +0.06° 12.11 £0. 16 88.42 +4.80° 21.56 +0. 82" 158.17 +5.84"  29.55 +1.35"
DI S, 38.88 +0. 53" 13.81 0. 33¢ 110.31 +7.31° 32.55 0. 78¢ 195.55 +6.73%  24.82 =0. 64°
Ss 35.76 £1.35° 16.13 +0. 22" 97.56 +0. 99" 24.71 £0. 89" 174.16 £1.67°  25.84 +0.92°
BEEVER S (P (H)
HE K K- <0.000 1 <0.000 1 0. 098 0 <0.000 1 <0.000 1 0.0132
T B 7K S <0.000 1 0.1190 0. 005 2 <0.000 1 <0.000 1 0.157 4
HE K KO % 3 B K OF 0.0875 0. 0009 0.0392 0.0005 0. 000 8 0.002 4
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Fig. 1 Effect of deficit irrigation on water consumption
and irrigation water use efficiency of arabica coffee under

different shading
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Tab.4 Regression model of water and radiation use of arabica coffee under different levels of water deficit and shading

e FEoK 1 (X) 5 3 BEK AR (V) P e Je i AR () 5 R OERER ] P e
] |9 45 7 AP R B (y) Jml A AP R

DI, Y= -0.0004X* + 0.051 8X +0. 6354 0.842  0.760 y =0.042¢ 00 0.994  <0.001
DI, Y= -0.0010X>+ 0.1455X -2.3189 0.987  0.001 y =0.042¢ " 0% 0.972  0.001

DIy Y= -0.0062X* + 0.876 7X -28. 449 0.919  0.023 y=0.031e "0 0.990  <0.001
So Y= -0.001 1X* + 0.204 6X -7.621 6 0.809  0.085 y =0.090e ~ " 0.783  0.020

S, Y= -0.0033X* + 0.5429X - 19.71 0.868  0.047 y=0.192¢ "0 0.771  0.021

Ss Y= -0.0058X* +0. 806 5X -25. 537 0.765  0.114 y =0.259¢ ~" 023 0.903  0.004

3 Wi BgAt . 90% WIHLY) T W Bk B O & 1R, L REF

ot R AR W HE AT 6 A A A B B A BB D
U5, T K 3 D)5 A A R ) T s i ) i i R
P BRI M AR R B E A R
FL AT B2 B YR 2R 5% 28 O B, T 2 W) A 0 K g
G SRR AR S B, VHE K R I
IR 1R 58 AR X /L P R 14 2 1 3 3 R <AL
TR HER L EER T R T
JEBRIR G, B AR J2 Al O e R AL 5
TIZE MG A, P B T AE K . 5 s T
AU I b P AN [ R BE R M R PR IR AR S 5
5 FHE SR E BH K A S o TR IR, 7 Dl 4 38 A A
B G AW NN DRV N W i DS B & G e
1o, AT DL Sl TR T S B R /N L Y K A A

PRI ER Y A= RN R A
HIRE S R I R e BE A AR 2 B /R i o
555 6 Wiy 38 FLAT — 7 A ] R N R T, T i
ARG 2 AR ORI 07 6 0 5 388 B AR IR BR B . DI Ak
R 2 AR R e RE A AR, AT RE i T K
U ol 3 B X St A A A A I B e i
JIREARPTEC, I, RA 3K o0 38 B 25 1 3
JEE 308 IS A" RE AR A4 oy 1) I K 23 ALY RE A TR o

T FL I K 73 25 1 2 PRUE AR ) 1E AR i i Sl B4 i
P& AT ST A BURE K X /N AL HE A= 1 F5 AR 1R 0
FRTHE(F 2 ML 3), DILEFBEM T A6H
T AR R, Al B8 T K 0 HE T R R
A R K, DA T AR D' 8 AR T B, e 28 R DG
ArEBR R TT S BT R R R
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