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Effects of shading and nitrogen application levels on growth and
photosynthesis characteristics of Coffea arabica

ZHANG Wenhui, LIU Xiaogang, WANG Lu, LI Yilin, CONG Yan, YANG Qiliang, SUI Long
(Faculty of Modern Agricultural Engineering, Kunming University of Science and Technology, Kunming 650500, China)

Abstract: [Objective] To explore the optimal coupled management mode of light intensity and nitrogen
application for Coffea arabica seedlings. [Method] We set three shading levels: No shade (S, natural light), light
shade (S, 65% natural light) and severe shade (S,, 30% natural light), and three nitrogen levels: No nitrogen (N,,0 g-kg™),
medium nitrogen (N, 0.20 g-kg "), high nitrogen (N,, 0.40 g-kg™"). The effects of shading and nitrogen levels on
growth, daily photosynthetic characteristics and biomass accumulation of C. arabica seedlings were studied.

[Result] With the increase of shading degree, the total chlorophyll content increased. Compared with S,
treatment, the net photosynthetic rate, stomatal conductance, light radiation use efficiency and total biomass of
C. arabica in S| treatment increased by 13.54%, 18.54%, 127.77% and 12.41%, respectively. The total biomass
decreased by 11.55% in S, treatment. Compared with N, treatment, the net photosynthetic rate, stomatal

conductance, light radiation use efficiency and total biomass of C. arabica in N treatment increased by 27.25%,
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20.77%, 10.80% and 18.47%, respectively, and these traits in N, treatment increased by 14.85%, 25.99%,

41.65% and 21.02%, respectively. Compared with SoN,, with the increases of shading and nitrogen levels, leaf

transpiration rate and light radiation use efficiency increased, leaf water use efficiency firstly increased and then

decreased. [Conclusion] The optimal mode of light and nitrogen management of C. arabica is the combination

of light shade and high nitrogen (S;N,). This mode is suitable for obtaining high leaf water-radiation use

efficiency and biomass.
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Et, S;NLw SoN S SN, Al SN I H 24 Pn 4 7138 i
21.23%- 31.73% 40.05% A1 42.72%.
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Table 1 Chlorophyll content of Coffea arabica under different shading and nitrogen levels

et o w/(mg-g™)

;Ej;ii(f; ffti;t TN e "D B ST &
Chlorophyll a Chlorophyll b Total chlorophyll Carotenoid
So N 7.09+0.66f 3.20+0.48¢ 10.29+1.14¢ 1.81+0.39cde
N; 10.65£1.17¢ 5.06+0.97d 15.71£2.14f 2.08+0.22cd
N, 15.55+0.70d 7.94+1.48bc 23.49+0.78de 3.2740.53ab

X 11.07 5.40 16.50 2.39
S N 15.20+0.44d 6.31£0.54cd 21.51+0.98¢ 1.37+0.30de
N, 17.84+0.95¢ 7.66+0.82bc 25.50+0.13cd 2.79+0.49abc

N, 18.81+0.39bc 8.94+0.36b 27.75+0.75bc 3.73+0.21a

X 17.28 7.64 24.92 2.63

S, N 18.36+0.70bc 7.80+0.38bc 26.16+1.08¢ 0.82+0.21e
N; 19.91+1.22ab 9.05+0.72b 28.96+0.50b 2.38+0.42bcd

N, 21.01+0.85a 11.36+0.81a 32.37+1.66a 3.53+0.91a

X 19.76 9.40 29.16 2.24

P S <0.001 <0.001 <0.001 0.378

N <0.001 <0.001 <0.001 <0.001

SN 0.006 0.463 0.010 0.248

1) B3 46 R R NB FH AT 27 8% (P<0.05, Duncan’s %)

1) Different lowercase letters in the same column indicated significant difference (P<0.05, Duncan’s test)
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Fig.1 Daily changes of net photosynthesis rate (Pn) of

Coffea arabica under different shading and nitrogen

levels
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Fig.2 Daily changes of transpiration rate (Tr) of Coffea
arabica under different shading and nitrogen levels
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Fig.3 Daily changes of stomatal conductance (Gs) of

Coffea arabica under different shading and nitrogen
levels
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Fig. 4 Leaf water use efficiency (LWUE) of Coffea arabica
under different shading and nitrogen levels
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Fig. 5 Light radiation use efficiency (LRUE) of Coffea
arabica leaf under different shading and nitrogen
levels

PR H ¥ LRUE 43703550 10.80% 1 41.65%. 5
SoN, #HEE, SN, S,N L S,Ns SN, Al SN, AT H )
LRUE 7 5 $% & 533.70%- 544.56%- 384.46%.
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S, AT IR N 24.06%; 5 Ny A7 b, Jo 4 ab#
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10.16%~13.05% £ 5.71%~12.86%, N, &b HFk = 2%
FHL AN 6L 1 43 531 186 1 8.80%. 15.94% F1 10.20%. 5
SoN, M EE, SoN, S N, S,N Al S,N # i 14 h
34.67%~26.72%; S{N, SN S,N, Fll SN, ZE4H 1
HR 51.85%~31.03%; SN, SoNy SN, A1 S,N e
i1 9.50%~30.58%, SN, Al S)N,| &/ 5.79%
F 8.26%; S;Nov SNy SN AT SN, - H3E i 18.94%~
28.24%, S{N |+ SN, SoN, Al S,N BB K 19
13.87%~24.90%; S;N» SN+ S;N, Fl SN, 4 £ 184
0 13.64%~22.73%.
24 ANEHESKFE THE R AL IR ST NRIMIEESE H =

ppAl

T S ok N L O A R 25K ek i R R
M A 225, it RN AR v S el M R I R i
BE, B KERWNEE (R 2). 5 S, 4
EE, Sy AbFRPR & 20 H K FE IR 26 500 il 3
Hn 18.14%. 35.60%- 9.60% F1 9.86%, S, &b ¥k .
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Table 2 Coffea arabica growth under different shading and nitrogen levels

HEEIKT(S) MEEUKFN)  #kE/em 24 /mm S IF/cm A %344 B K /om
Shading level Nitrogen level Plant height Stem diameter Crown width  Leaf number Branch number Shoot length
So No 55.95+1.91f 9.61£1.00de 60.50+3.54cde 301+15.56e 22+42.83a  14.48+0.74c
N, 58.05+2.90e 9.29+0.11e 55.50+2.83e  324+5.66de 23+1.41a  17.05+1.34ab
N, 62.95+1.48d  10.81+0.58de 62.75+1.06cd 345+16.97bcd  26+4.24a  15.54+0.65abc
x 58.98 9.90 59.71 323 24 15.69
S No 66.90+2.69¢ 12.5940.71bc 57.00+1.41de 338+14.14cd 25+2.83a  15.85+0.73abc
N, 69.65+1.20bc  13.11+0.35ab 64.00+£0.71c  358+15.56abc ~ 27+1.4la  18.08%1.17a
N, 72.50+3.54b 14.59+0.26a 66.25+3.18bc  376+16.97ab 26+2.83a  17.66+1.83ab
X 69.68 13.43 62.33 357 26 17.20
S, No 70.90+1.27b 10.97+0.74cde 71.25+6.01b  349+7.07bcd 23+1.41a  15.33+0.94bc
N, 72.05+1.34b 11.26+1.28cd 71.50+0.71b  364+8.49abc 24+1.41a  16.48+0.73abc
N, 75.35+1.63a 13.05+0.38ab 79.00+2.12a  386+9.90a 27+1.41a  17.10£0.19ab
X 72.77 11.76 73.92 366.33 24.67 16.30
P S <0.001 <0.001 <0.001 0.001 0.290 0.086
N <0.001 0.003 <0.001 0.002 0.151 0.020
SxN 0.448 0.864 0.077 0.990 0.737 0.681

1) A7 3% R R DB FHERFERF R F (P<0.05, Duncan’s %)

1) Different lowercase letters in the same column indicated significant difference (P<0.05, Duncan’s test)
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ZOMLREE 1 43 730 38 0 23.37%- 18.75% Fl1 24.06%;
5 No ZbFAR G, Ny ARHE i Fr £ H7R K R R 2%
B BN 5.54%. 13.05% 1 5.71%, N, AbFEAR &
O SRR P B SR B AR S i i 1
8.80%- 15.94%. 10.20%- 5.14%- 10.16% £l 12.86%.
5 S)Ny MLt S,N, S N, S,N| AT S,N, #E i 18
34.67%~26.72%; SN« S;N |+ S2N2 Al SN, ZEH 1%
I 51.85%~31.03%; SN, S,Ny SoNg Al SN, T i
1 9.50% ~ 30.58%, SN, Fl SoN; & HEI /N 5.79%
1 8.26%; S,N,. SN, S,N, AT S N, M- F e d i
18.94%~28.24%, S|N|+ S1Ny. SHN, Fl SN A K
FEREIN 17.75%~24.90%; S,N,v S;N;+ SN,
SoN, #% ZE 1 0 13.64%~22.73%.
2.5 AENESE K T hE AL ER X /) RInnndE 28 kk A&

YIE RS20

W 28 e o AR e B 9 2 58 LA O ZE R
A& R AN 2 AL, B it R A FEAS AR Y
HREHEFEVE I ELZmMEE (K3). 5

So ALFRAALL, Sy A1 S, AbFEAAR 76 EL ¥ 5.26% Al
5.11%, S, AR5 48 B A= 7.79%~17.04%,
SR 11.55%, S AbBE %38 B ALY & 18 0
8.12%~17.34%, /EWEIIIN 12.41%. 5 N, kL #E
FHEE, Ny b # & 2B A ES N 8.69%~30.16%,
MAEY)ERIN 18.47%, N, Ab# N, 4 # 14.51%~
25.79%, WA RGN 21.02%, N, &3k 5 b 5
I 8.16%. 5 SoNy AL, B SN Fl S Ny ZE W&
Sy > 17.33% A1 10.18%, S,N, My AFA Y&
DR, SN M AR AR AE Y& 5y B 7.53%.
12.26% 1 7.25%, RV EIG A B 46, . 2,
I AF RS A 3 SN 7.97%~57.90%. 7.07 %~
52.43% 15.70%~41.84%. 7.32%~46.77% 1 5.05%~
39.16%. % SN, A1 SoN, Mk b ik /N A B &,
S No B MRTE L 7.97% A, FHoa b BEAR L35 A
F) R FE B8 b, Herp SN, MR EE B K, BB SN 1
I 17.66% . X% B IE BE LR AR R I AE K.
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Table 3 Biomass accumulation of Coffea arabica under different shading and nitrogen levels

HEHIK(S) MBI TFIN)

%28 B £ P& /g Biomass of organs

YR R /%

Shading level Nitrogen level #% Root = Stem M Leaf # Rod Total biomass Root/crown ratio
So Np 29.05+1.30g  13.16+0.64cde  61.93+2.64de 28.75+1.73cd 132.8943.70f  28.04+2.60cd
N; 34.46+0.74d  14.09£1.19bcd  75.61£0.91c  33.76+£0.96b 157.92+0.40c  27.92+0.85cd
N, 39.2440.64c  16.12+0.91b 87.84+1.85a  30.86+2.85bc 174.05+0.54b  29.10+0.50bcd
X 34.25 14.46 75.13 31.12 154.59 28.35
N No 31.9540.79ef  11.82+2.32de  80.90+1.45b  31.16+1.16bc 155.83+1.82¢  25.80+1.18d
N, 42.74+0.14b  15.01£0.40bc  81.87+0.64b  42.20+3.87a 181.8142.97a  30.74+0.52abc
N, 45.87+0.11a  20.06+0.85a 84.56+2.64ab 34.44+0.85b 184.93+2.75a  32.99+0.54a
X 40.19 15.63 82.44 35.93 174.19 29.84
S, Ny 29.89+1.02fg  10.88+0.89¢ 57.26+£2.26e  25.23+1.24d 123.26+1.15g 32.01+1.04ab
N, 31.3741.72¢f  14.19+1.34bcd  71.6544.50c  31.14+1.68bc 148.34+2.45d  26.86+2.43d
N, 32.84+0.27de  15.17+0.49bc 63.65£1.62d  27.94+1.05cd 139.594+2.45¢  30.77+0.38abc
% 31.37 13.41 64.19 28.1 137.06 29.88
P S <0.001 0.025 <0.001 <0.001 <0.001 0.143
N <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
SxN <0.001 0.054 <0.001 0.258 <0.001 0.004

1) R R R NB FH LT £ 74 2% (P<0.05, Duncan’s %)

1) Different lowercase letters in the same column indicated significant difference (P<0.05, Duncan’s test)
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