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Effects of limited irrigation and shading on growth,
photosynthesis and yield of Coffea arabica in dry — hot area
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Abstract; In order to clarify the optimal irrigation and shading modes for a high yield of Coffea arabica
in hot and dry valley area of Yunnan, three irrigation and four shading schemes are established for field
experiment and the coupling effects of water and light on growth, net photosynthetic rate, water use ef-

ficiency, light use efficiency and yield of Coffea arabica are studied. The three irrigation schemes are
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W, , W, and W and four shading schemes are S; — no shading, S; —55% shading, Sy, —75% sha-
ding and S; —95% shading. The results show that an increased irrigation can improve plant height and
new branch length by 5.60% -12.39% and 10.83% -19.50% , and enhance water use efficiency,
light use efficiency and dry bean yield by 16.98% —-36.79% , 61.64% —121.95% and 42.27% -
120. 76% , respectively, compared with W,. Compared with S,, the average daily Pn, Ci, water use
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efficiency, light use efficiency and dry bean yield of S; have been increased by 5.85% , 10.80% ,
6.64% , 28.51% and 20. 05% , respectively. Compared with WS, the increased irrigation level and
shading area can improve water use efficiency, light use efficiency and dry bean production by
13.94% -44.47% , 7.96% —231.04% and 44.55% —143.41% simultaneously. It was noted that
WS, can lead to the largest dry bean production, as 6 131. 84 kg/hm’. Therefore, from the highest
yield point of view, WS, should be the optimal mode of water — light coupling for Coffea arabica in hot
and dry valley area.

Key words: Coffea arabica ;shading;limited irrigation ;diurnal variations of photosynthesis characteristics;

water and light use efficiency ; yield
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Tab.1 Diurnal variation of microclimate environment on coffee canopy at different shading levels

v AH/% E/Klx
I fi]
SH SM SL SO SH SM SL SO SH SM SL SO
10:00 27.26 28. 64 27.09 28.92 85.15 72.40 84.85 72.15 26. 44 36.53 30.82  65.93
12:00 28.76 30.05 28.90 30.94 70.15 67.15 68.55 66.25 28.71 44.90 36.24  88.33
1400 30.85 32.02 31.51 33.71 65. 80 62.55 63. 80 62.50 30. 17 47.57 40.74  88.56
16:00 27.83 28.10 28.04 28.24 69. 50 67.30 66. 60 65.50 20. 17 28.41 24.74  58.56
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Tab.2 Growth increment of Coffea arabica seedlings at different water — light supplies
JMERH K h/mm Ah/mm d/mm Ad/mm w/mm Aw/mm 1/mm Al/mm s/
Wy 1847 +24bed 252 £34a  23.23 £0.56bc  6.62 +0.59abed 1369 +78b 134 +9a  279.12 +4.87bc  102.43 £29.17ab 9.8 +2.3g
Sy Wy 1752 +36efg 228 £62a 22.17 £1.12cd  6.84 £1.8labec 1429 +49ab 137 £1la  256.52 +8.55¢f  119.77 +15. 16ab 11.6 +1. 8fg
Wi 1603£170h 248 +32a 22.88=1.76bc  7.61 +0.46a 1485 +47a  132x16a 231.47 £16.97g 121.07 £13.63ab 14.4 +2. 6def
Wy 1878 +39abec 236 +38a 22.98 +0.83hc  7.25 1. 15ab 1438 +7lab 141 £5a  283.63 +4.46bc  123.87 £16.4lab 19.6 +3. la
Sy Wy 1792 +22cedf 244 +64a 21.10+0.71d  5.28 +0.93defg  1355+49b 137 +5a  271.45 +5.84cd  125.77 £27.40ab 17.2 +2. 8abcde
Wy 1723 £58fg  23229a 24.73£1.07a  5.99 +0.69bcde 1415 £60ab 137 +8a  246.02 £17.5le  131.46 +15.13ab 18.8 £6. lab
Wy 1972 +18a 250 £47a 23.74+1.1lab  5.64 +1.43cdef 1338 £53b 140 +7a  298.67 +9.31a  131.62 +13.72ab 18.4 +2. labed
Sy Wy 1770 £23edfs 252 +30a  22.73+0.91bc  6.28 +0.55abede 1379 +23b 141 +8a  265.27 £4.26de  95.93 +12.28b  14.6 = 1. Tcdef
Wi 1694 £83g 254 £30a 21.16£0.69d  3.01 £0.47g 1235+130c 141 +7a  231.57 £13.75g 115.45 £32.62ab 18.6 1. 7abc
Wy 1903 +4lab 260 £35a 21.94 +0.60cd  4.24 =0. 65 1389 +81lab 136 +1la 289.75 +5.51ab 110.33 £34.78ab 13.2 +2. 7elg
So Wy 1827 £25bede 268 £55a 23.320.75bc  4.53 +0.97fg 1364 +80b 136 £9a  274.42 +2.02cd  104.82 £21.66ab 15.2 +2. 4bcdef
Wi 1742 £48efg 200 £37a  21.41£0.68d  4.97 +0. %efg 1340 68 137 £10a  254.27 £10.28¢f 133.67 £42.74a  14.0 2. lef
BEVERTE (P 1Y)
P(S) 0. 861 0. 382 0. 001 0. 107 0. 005 0.338 0. 966 0.924 0.137
P(W) 0. 191 0.942 0. 001 <0. 001 <0. 001 <0.001 0. 007 0.781 <0. 001
P(WS) <0.001 0. 082 <0.001 0. 887 <0.001 0. 888 <0.001 0. 069 <0.001
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Fig.1 Diurnal variation of Coffea arabica leaf photosynthetic rate at various irrigation and shading levels
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Fig.2 Diurnal variation of Coffea arabica leaf transpiration rate at various irrigation and shading levels
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Fig.3 Diurnal variation of Coffea arabica leaf stomatal conductance at various irrigation and shading levels
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Fig.4 Diurnal variation leaf intercellular CO, concentration of Coffea arabica at different irrigation and shading levels
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Fig.5 Diurnal variation of leaf water use efficiency of Coffea arabica at different irrigation and shading levels
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Fig.6 Effect of water and light coupling on light use efficiency of Coffea arabica

2.9 kEBEXFTERFM TR WS, Al LU B R 5 WS, M,

BT oK SRR A X /NRLIEE = 5 Y B 52,
PR ] 0, T 7K A P55 388 O A 38 % HL R 3 11 38 AR
Xf/INVRL i e v s A et B L 5 W,
FHLG, Zb B Wy F0 W, i G R R AR T
121. 58% F1 47. 85% , fif 5y 1 [l 45 W 7K 5 385 i
BN, 5 S, AHLL, AL B S, FI Sy, 4 6F 557 i 20 i) Uk
T 8. 13% F1 28.96% , S, 1 i KL i LI N T
20.93% , [F B B AL 3 S, W LA I e . 5
W, So FHEL LB B WSy, WSy Al WS, 43 3l 388 i fif
T 41.84% ,99. 58% FiI 141. 49% , i W] K 6 #E
BnH e G A AR R 2 VR

VK Ah 1 3 T Ak B R EG R 3 1) 28 BLAE R R
NREMEET G s B Gt . 5 W, M
Fo, ib ¥ W, A1 W, TGRS REET
120. 76% F147.27% , Wi K ol LLgE & T 5
PR 5 S, AL, AR S, FI Sy, BT T 2 U
/D7 10.32% F129.48% ,S, T E S EEBE N T
20. 05% ,RHTHEFHKF- Sy F1 Sy, 3/l 1/ NREMIHERY

AR FE W, Sg, WySy Bl WS, 5 56 T 5 7
44.55% ,105. 14% 1 143.41% , Horh WS, 4 &
R, 6 131,84 kg/hm®, & W, S, 19 2.43 1,
S MKARTE W, RIS BIAEEE S, RS AT
Pm T .

301

BT KOS X /RO ™ 5 () 2
Fig.7 Effect of water — light coupling on dry bean yield of
Coffea arabica
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