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Effects of tree pruning in a closed citrus orchard on some parameters of

photochemical reactions and fruit quality
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Abstract: [Objective] This study examined the effects of different tree pruning treatments on leaf photo-
synthesis, chlorophyll fluorescence and fruit quality in a closed citrus orchard in order to optimize tree
canopy structure and improve the microenvironment in the orchard and productivity. [ Methods]In the ex-
periment, 15— year—old trees in a closed Valencia orange orchard were pruned into different canopy
shapes, e.g. open center shape, hedgerow shape and trunk shape, and the effects of these different pruning
treatments on photosynthetic active radiation (PAR), photosynthetic pigments, fast chlorophyll fluores-
cence, fruit yield and quality were studied. A digital plant canopy imager (CI-110, CID Bio—Science, Inc.
Camas, USA) was used in this experiment, which consisted of an auto—leveling image capturing probe,

PAR sensors and a built—in USB interface for an optional palm—top computer installed with CI-110 soft-
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ware. PARs in different treatments were recorded. The un—pruned trees in the closed orchard were used
as the control (CK), and the signals of PF (prompt fluorescence) and DF (delayed fluorescence) in attached
leaves in the treatments were collected. The kinetics of prompt chlorophyll a fluorescence (PF) at 820 nm
(MR) was simultaneously recorded by a multifunctional plant efficiency analyzer, M—PEA (Hansatech In-
strument Ltd., UK), which was programmed by a special computer software that controlled its operation,
data recording and downloading. A well-developed leaf from the middle level of each tree was chosen for
the above analyses throughout the whole experiment. [ Results ] The PAR, photosynthetic pigment contents
and fast chlorophyll fluorescence parameters in plants under different treatments obtained in June to Sep-
tember were significantly different. PAR decreased significantly with time. From June to August, the pho-
tosynthetic pigments content showed an increasing trend but decreased in September. Chla/b constantly
decreased throughout the experiment. After different pruning treatments, leaf Chl a, Chl b, Chl a+b and
Car contents increased significantly compared with CK, indicating that the treatments promoted the accu-
mulation of photosynthetic pigments and photosynthesis in closed orchards. By measuring and analyzing
the dynamic changes in leaf chlorophyll fluorescence in different treatments, it was found that the values
of F., ¥, Fi and F, all decreased during the experiment, and the values in CK plants was the highest. The
activity parameters per unit PSII reaction center (ABS/RC, DI/RC and TR/RC) and the activity parame-
ters per unit cross sectional area (ABS/CS, TR,/CS and DI/CS) all decreased with time, but RC/CS dis-
played an opposite trend. Among all the treatments, the values of ABS/RC, DI/RC, TRJ/RC, ET/RC, ABS/
CS, DI/CS and TR.J/CS in CK were highest, while those of ET/CS and RC/CS followed a pattern of open
center shape > hedgerow shape > trunk shape > CK. Y,, @g, and @y, increased constantly, while ¢y, in-
creased. The values of @p, and @p, had little difference between CK and various trunk shapes, but the val-
ues of W, and @ in CK were significantly smaller than in the other treatments. The Wy, Vy and M, in all
the treatments were highest in June; Vi reached a maximum value in August, but Sm and N fell to mini-
mum in August. At the same period, V;, W\, Vi and M, were the highest and S,, and N were the lowest in
CK and the electron transfer ability of leaf photosynthetic system was highest in the open center shape, fol -
lowed by hedgerow shape and trunk shape, and CK had the lowest value. From July to August, the RE,/
RC, REJ/CS, ®r., Wr, and Or, in all the treatments decreased, and the PSI related fluorescence parameters
in CK were lower than in the other three treatments. Pl,., Pl. and Pl.. in the open center shape and
hedgerow shape all increased with time, and were significantly higher than in CK. Yield and fruit quality
of open center shape were the best, followed by hedgerow shape and trunk shape, and worst in CK. [ Con-
clusion ] Tree pruning could improve the micro environment in orchard with increased PAR, and thus sig-
nificantly improved photosynthetic performance, plant productivity and fruit quality. Among the three
pruning treatments, the open center shape was the best, followed by hedgerow shape and trunk shape.

Key words: Citrus; Tree shaping; Photosynthetic active radiation; Photosynthetic pigments; Chlorophyll

fluorescence; Fruit quality
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Table 1 Dynamic variations of leaf PSII reaction center activity in different treatments
Ay Qb3 SO H LG P LS KL Specific energy fluxes
Month Treatments ABS/RC DI/RC TRJ/RC ETJ/RC
61 June Xt HE Control 1.514+0.099 a 0.292+0.041 a 1.219+0.079 a 0.481+0.013 ab
FF.LJE Open center shape 1.341+0.020 b 0.242+0.009 a 1.100+0.013 b 0.454+0.016 b
B REJZ Hedgerow shape 1.457+0.037 a 0.273+0.026 a 1.184+0.034 ab 0.486+0.016 a
FEFJE Trunk shape 1.431+0.037 ab 0.272+0.022 a 1.155+0.036 ab 0.456+0.018 b
71 July Xt HE Control 1.428+0.039 a 0.254+0.006 a 1.172+0.032 a 0.484+0.007 a
FF.LJE Open center shape 1.300+0.056 b 0.231+0.016 b 1.072+0.040 b 0.471+0.003 b
HEEIE Hedgerow shape 1.342+0.016 b 0.234+0.004 b 1.107+0.012 b 0.485+0.003 a
FFIE Trunk shape 1.336+0.002 b 0.234+0.012 b 1.089+0.004 b 0.466+0.009 b
8 H August X8 Control 1.392+0.008 a 0.243+0.004 a 1.148+0.005 a 0.493+0.017 a
FF.LJE Open center shape 1.264+0.077 b 0.218+0.014 b 1.045+0.064 b 0.470+0.005 b
B REZ Hedgerow shape 1.307+0.055 ab 0.225+0.011 b 1.082+0.046 ab 0.490+0.018 a
FTIE Trunk shape 1.311+0.014 ab 0.233+0.006 ab 1.091+0.027 ab 0.475+0.002 b
9 H September X8 Control 1.195+0.044 a 0.213+0.007 a 0.995+0.031 a 0.427+0.004 a
FFL>JE Open center shape 1.091+0.002 b 0.186+0.003 b 0.904+0.002 b 0.412+0.003 ¢
HEEIE Hedgerow shape 1.140+0.058 ab 0.197+0.019 ab 0.943+0.040 ab 0.424+0.009 ab
=TI Trunk shape 1.159+0.057 ab 0.204+0.018 ab 0.953+0.039 ab 0.415+0.003 be
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Table 2 Dynamic variations of leaf performance parameters in different treatments
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