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Growth and photosynthetic characteristics of field grown Coffea arabica under diff erent watering and fertiliza
tion managements. CAI Chuantao', CAT Zhiquan', XIE Jiwu?, ZHOU Qinghui®, CAO Kunfang', YAO Tiar
quan', WANG Hua® (' Xishuangbanna Tropical Botanical Garden, Chinese A cademy of Sciences, Kunming
650223, China; K unming Branch of the Chinese A cademy of Sciences, Kunming 650021, China; 3Science and
Technology Bureaw of Simao City, Simao 665000, China).=-Chin. J. Appl. Ecol.,2004, 15(7):1207~ 1212.

Straw mulching and drip irrigation have been widely used for coffee production. In order to know if these teclr
niques are suitable in Y unnan, five year old coffee plants w ere separated into 8 groups to grow in t he field under
2 fertilization rates (low and high) and 4 watering regimes: dry straw mulching (M) , drip irrigation ( I) , drip i
rigation + straw mulching ( MI) and control treatment ( CK), and the effects of various watering and fertiliza
tion treatments on the grow th and photosynthet ic characteristics of Coffea arabica with the density of 4500 indr
viduals per hectare were measured. T he results showed that during one year s growth period, the coffee plants
had two growth peaks, one was in May when the rainy season just begun, and the another was in August to
September, the middle of rainy season. Higher fertilization promoted the relative height and length growth rates
of the branches, but watering treatments hadn’ t significant effects on them. In dry season, watering significantly
promoted the Pn, g, Tr and WUE, while water status had no significant influence on the internal fluorescence
features of PSIL. In wet season, higlr fertilized plants had a higher leaf nitrogen content and Pn than low fertilized
plants, and Pn was positively correlated with leaf nitrogen content. In both seasons, higher fertilization increased
the WUE regardless of the watering treatments. At the same time, the higlr fertilizat ion treatment significantly
alleviated diurnal photoinhibition, companying with a higher energy utilization through photochemistry and a
higher energy dissipation through xanthophyll cycle, which appears that higlrfertilized coffee plants have the
mechanism to acdimat e to strong light environment . All the results indicated that wet season is the optimum time
for the photosynthesis and growth of C. arabica, and C. arabica needs a high fertilizat ion investment and fine
watering managements during its whole growth period. A mong the three mamr made w atering treatments, M1 was
the best, M and I had the nearly same effects but the former was more practical than the latter.

Key words Coffea arabica, Fertilization, Watering, Growth, Photosynthetic characteristics.
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Table 1 Effect of watering and fertilization treatments on soil water g8
regime( 20 cm depth) and leaf N content of C. arabic %
SWC(%) oL
Experiment al site DS wS LNC(g* kg™ 1) jﬁu'g
A( HF) (M) 16.2(70 b 22.1(96 7)a 0. 308a ﬁqfo 15
(1) 18.8(72 )b~ 22.7(98 3)a 0.311a E
+ (MI) 22.7(98.2)a 23 2(100.4)a 0.312a
(CK) 13.3(57.5) ¢ 22.9(99 l)a 0. 308a 90
B( LF) (M) 14 5(63.0)be  22.3(96 5)a 0. 235b
() 16.8(72 )b 22.5(97. 4) a 0.23% Z:-E 84
+ (MI) 22.1(95.7)a 22.4(97. 0 a 0. 241b V) g
( CK) 13.6(58.8) ¢ 22.0(95 3)a 0. 234b §E 18
The data in parentheses are the per @g
centages accounted for field water holding capacity. HF: High fertilzation, LF: Low 7
fertilization. M: Rice straw mulching, I: Drip irrigation, MI: M ulching+ Drip it — —
gation, CK : Control SWC: Soll water content, DS: Dry season, WS: Wet season. 20024 20026 2002.8 20%}4?} I%'?OZ{; 2002.6 20028 2003.2
LNC: Leaf nitrogen contents.* 5 28 Measured in May 28. *
2

. The data(n= 3~ 5) with the same letter

within climns did not differ significantly( P< 0. 01). The same below.
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Fig 2 Effect of watering and fertilzation treatments on the growth of
C. arabica.

A: High fertilization treatment, B; Low fertilization
treatment. M 1: + Mulching+ Drip trigation, I: Irriger
tion, M: Mulching, CK: Control. The same below .
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Fig 3 Effect of watering and fertilization treatments on the relative

growth rate( RGR) of C. arabica.
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A B (P< : 52. 1% ~ 73. 8% . A B
0.05), Pn , Pn 5.6% ~
, , 16.0%. A B
2
, ( AF/Fm’) Pn 24. 1% ~ 56. 0%,
APRI A AF/Fm’
APRI (B )P 0.05, e .
< 0.
( ) (WUE). ,Pn N
2
’ (R’=0.72),A B Pn ,A B
' P> 0.05). Pn
A B (1- %Fv/Fm) AF/ ( )
Pn
Fm’  APRI , ’
, (M1 ), Pn ,gs Tr
' A B
3.3.2 gs Tr , A B
A B , (Pn) WUE ( 3).
2
Table 2 Effect of watering and fertilization treatments on the photochemical efficiency and thermal dissipation efficiency in leaves of C. arabica
1- %Fv/Fm" AF/Fm’ APRI™ "
' . Fv/ Fm( 06: 30) (13: 00) (10: 00) (% 100)
Ex perim ental site
DS WS DS WS DS WS DS WS
A(HF) (M) 0. 825a 0. 826a 19. 1b 18. 9b 0. 51a 0. 52a 3. la 3. 4a
(D 0. 823a 0. 831a 18. 9b 18 1b 0. 52a 0. 55a 3. 5% 3. 6a
+ (MI) 0. 832a 0. 843a 18. 5b 17. 8b 0. 53a 0. 57a 3. % 3. 7a
(CK) 0. 829a 0. 828a 21. 4ab 20. 5ab 0. 48ab 0. 52a 3. 4a 3. 3a
B(LF) (M) 0. 827a 0. 831a 23. 1a 22. 7a 0. 46b 0. 47b 27 2 8h
(D 0. 831a 0. 833a 22. 6a 22. 5a 0. 45b 0. 48b 2. 4b 2.7b
+ (MI) 0. 829a 0. 838a 23. 4a 21. 8ab 0. 48ab 0. 49ab 2. &b 2.9b
(CK) 0. 819b 0. 828a 24. 2a 23. 5a 0. 45b 0. 46b 2. 3b 2. 6b
AF/ Fm’ : A ctual photochemical efficien cy, * T he decreased rate of initial photochemical efft
ciency measured in midday compared to it in dawn, * * T he difference of photochemical reflectance index be
tween midday and dawn.
3
Table 3 Effect of watering and fertilization treatments on the gas exchange parameters in leaves of C. arabica
Pn 85 Tr WUE
Ex perim ental site DS WS DS WS DS WS DS WS
A(HF) (M) 3. 6b 5. 7a 0. 091D 0.118a 2 1b 2. 6a 1. 7ab 2 2a
(D 3. 8ab 5. 8a 0. 097b 0.114a 2.2b 2. 8a 1. 9a 2. la
+ (MI) 4. S5a 6. la 0. 11% 0.121a 2. 4a 2. 9a 1. 9a 2. la
(CK) 2. 9be 5. S5ab 0. 085¢ 0.116a 2. 0c 2. 7a 1. She 2. 0a
B(LF) (M) 3.3b 5. 0b 0. 088b 0.117a 2.2b 2. 7a 1. 5be 1. 8b
@) 3. 6b 5. 3b 0. 092b 0.113a 2. 3b 2. 9a 1. 6b 1. 8b
+ (MI) 3. 9ab 5. 4ab 0. 114a 0.119a 2. 6a 2. 8a 1. 7ab 1. 9ab
(CK) 2. 5¢ 4. 8b 0. 078¢ 0. 112b 1. 9¢ 2. 8a 1. 3¢ 1. 7b

Pn: Net photosynthetic rate( Bmol* m™ 2 s~ !) | g : Stomatal conductance( mmol® m™ 2 s~ ), Tr: Transpiration rate( mmol* m™2s™ '), W UE: Water use

efficiency( mmol* mol™ ') .

33.3 4
Table 4 Results of two way ANONA for some physiological parameters
) of C. arabica in the dry season
Source of varation
Parameter x
4. Water Fertilzation Wx F
Pn WUE , g Tr Pn * - -
g * Ns Ns
s Tr * Ns Ns
WUE #* #* #*
5 . 1= % Fv/ Fm Ns * Ns
AF/ Fn’ Ns * Ns
4 APRI Ns * Ns
Ns Not significant difference( P> 0. 05), * Sig

nificant difference( P < 0. 05)
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