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A study on photosynthetic characteristics and fruiting performance of

three lemon varieties in dry—hot valley regions in Yunnan province
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Abstract: [ Objective ] Lemon can be produced year—round in dry—hot valley regions in Yunnan province.
Lemon has high economic values. Photosynthesis of plants is the decisive factor of yield and quality. In or-
der to provide theoretical basis for scientific cultivation and selection drought tolerant lemon varieties for
dry—hot valley regions, the photosynthetic characteristics and bearing performance of three lemon variet-
ies were studied. [Methods] Four — year —old grafted seedlings of three lemon varieties (‘Yunning 1°,
‘Femminello’” and ‘Fumilainuo S1’) on Poncirus trifoliata 1. were used as the experimental materials.
The varieties had been introduced and cultivated in the dry=hot valley regions in Yunnan province, where
lemon is frequently influenced by high temperature and drought. Fully mature and south side leaves in the

middle and upper parts of the crown of a lemon tree were selected for the measurements. A LCpro—SD por-
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table photosynthesis system was used to measure the parameters related to photosynthetic characteristics,
including net photosynthetic rate (P,), transpiration rate (7’), intercellular CO, concentration (C)), leaf tem-
perature (71..), photosynthetically active radiation (PAR) and stomatal conductance (G.). Water use efficien-
cy (WUE), stomatal limitation value (L)) and mesophyll carboxylation efficiency (MCE) were calculated.
The chlorophyll content of three lemon varieties was measured by a handheld chlorophyll meter. Yield per
plant, and fruit transverse and longitudinal diameters were measured by an electronic balance and a verni-
er caliper, respectively. Peel thickness, pulp weight, fruit juice weight, soluble solids, titratable acid, vita-
min C and edible rate of mature fruit were tested. Furthermore, correlation analysis between photosynthet-
ic factors and environment factors was conducted. [ Results ] The diurnal variation of PAR and T followed
a mono peak curve in October, and the peak occurred between 12:00 am and 14:00 pm. The maximum val-
ue of PAR and T\ were 1 754.93 umol +m™+s™" and 41.36 °C respectively. Temperature influenced photo-
synthesis of lemon. High temperature at midday led to desiccation and metabolism disorder. As a result, P,
showed midday depression. The diurnal variation of P, in the three lemon varieties showed a typical bi-
modal curve, which was apparently regulated by non—stomatal limitation. The first and second peaks oc-
curred at about 10:00 am and 16:00 pm respectively. The highest net photosynthesis rate (P,..) in ‘Yun-
ning 1, ‘Femminello’ and ‘Fumilainuo S1’ during day time was 10.11, 9.27, and 8.11 pmol+m™+s™, re-
spectively. The diurnal changes in T, of ‘Femminello’ and ‘Fumilainuo S1’ lemons was single— peak
curve while that of ‘ Yunningl’ a double—peak curve. The highest diurnal value of T, followed a descend-
ing order of ‘Femminello’ >‘Fumilainuo S1” >‘Yunning 1’. The change trend of G.in ‘Yunning 1’ and
‘Fumilainuo S1’ was a bimodal curve and similar to their P,. The highest values of G. in a day was higher
in ‘Yunning 1’ than in ‘Femminello’ and ‘Fumilainuo S1’. The maximum G.occurred at 10:00 am. How-
ever, in order to adapt to the stress of high temperature and drought, G. decreased sharply from midday, a
mechanism to stop water loss. Correlation analysis showed that P, of these three lemon varieties was signif-
icantly and positively related to their 7, and G., while there was a significantly negative correlation be-
tween C; and P,. The chlorophyll content of the three lemon varieties had significant difference in the
morning, but no significant difference between ‘Femminello’ and ‘Fumilainuo S1’ in the afternoon. May-
be the chlorophyll content was influenced by temperature. Field test showed that the yield per plant and
yield per acre of ‘Yunningl’ and ‘Femminello’ were significantly different from those of ‘Fumilainuo
S1’. The yield in ‘Yunningl’ was higher than those in ‘Femminello’ and ‘Fumilainuo S1’. There was
slight difference in fruit quality among the three lemon varieties and they did not have significant differ-
ence in peel thickness, pulp weight and fruit juice weight, but soluble solids was significantly different
and was in a order of ‘ Yunningl’ > ‘Femminello” > ‘Fumilainuo S1’.[ Conclusion ] Diurnal photosynthet-
ic parameters of the three lemon varieties displayed similar trends but had differences. G, was one of the
main factors affecting P, and T,, but not the restriction factor. Comprehensive comparison of photosynthet-
ic and bearing performances showed that ‘Yunningl’ seems a promising variety for large scale production
in the dry = hot valley regions in Yunnan province. Our results confirmed that photosynthesis is the basis
of fruit tree productivity and thus a key factor affecting fruit quality and yield.
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Table 1 The water use efficiency, stomatal limitation value, instantaneous carboxylation efficiency of 3 lemon varieties

12:00

10:00

8:00

v

doK

%

AR R 1L

MCE/!%

SALBREIN(E

ARG
WUE L%

ok

A

I R AL
MCE/%

SALBRIE

L/%

PIAVIEES
WUE

PRI BER R AR

MCE/%

SALBRHIE
L%

PSR AEES
WUE

Varieties

1.64£0.33 a
1.50+0.44 a
1.07+0.57 b

26.17+5.10 a

1.54+0.49 a
1.11£0.30 b
0.91+0.28 b

18:00

24.39+4.90 a 3.33+£1.04 a

2.92+1.21 a

1.22+0.22 a
1.21£0.32 a
0.64+0.30 b

12.12+1.98 b

1.75£0.33 a
1.36+0.22 b
0.88+0.41 ¢
14:00

#7115 Yunning 1

26.54+5.89 a

25.01+4.01 a 3.12+1.06 a

1.95+0.39 b
1.87+0.35 b

16:00

15.19+2.00 a

KN 55 Femminello

CIES

25.08+5.14 a

2.63+0.51 a

24.80+4.15 a

9.93+3.53 ¢

J¥i# S1 Fumilainuo S1

Al

BRI R ko

MCE/I%

AALRR I E

IRGFIER
WUE L%

e

&

m PR R 1L
MCEI%

LB

L%

KGRI
WUE

I P BRI R AR

MCE/%

SALBREI

L/%

IR
WUE

Varieties

0.46+0.24 ab
0.63+0.36 a

14.17£7.30 a

1.82+0.45 a
2.03+0.61 a

1.7620.55 a
1.67+0.29 a
1.36+0.67 a

29.11£3.93 a

1.59+0.61 a

1.06£0.53 a
1.00£0.45 a
0.65+0.32 a

1.42+0.59 a 28.15+7.30 a

0.87+0.27 b
0.61+0.56 b

#7115 Yunning 1

14.3£3.92 a
10.01+£4.99 a

31.57+2.21 a

1.50+0.18 a

23.17+7.49 a

Kt 57 Femminello

0.28+0.15 b

1.27+0.79 a

30.98+5.38 a

1.47+0.34 a

21.81x13.68 a

#K3EIT ST Fumilainuo S1

T AR NG FRAURAF G FITE P<0.05 225 838 , AR KRS FRACERARR S P<0.01 ZRM B2, TH.

Note: The different small letters indicate significant difference in different varieties at P<0.05, the different capital letters indicate significant difference in different varieties at P<0.01,respectively. The same below.
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Table 2 Correlation analysis of the photosynthestic and

physiological parameters with 3 lemon varieties
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Table 3 Comparison of chlorophyll relative content of 3

lemon varieties
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Table 4 Comparison of growing and fruit character of 3 lemon varieties
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Table 5 Comparison of fruit quality of 3 lemon varieties
= KB R B Ryt o(FIETERDEY)) o(FITHER) o(4EERC) 2%
R ‘ S . . e AR
. Peel thickness/ Pulp mass/ Fruit juice Soluble solids Titratable acid ~ Vitamin C con— .
Varieties . Edible rate/%
mm g mass/g content/% content/% tent/(mg-kg™)
i 1E 0.55+0.06 a 85.60+£10.30 a 32.60+2.93 a 8.30+0.10 a 5.14£0.25 b 508.3x11.9 a 65.76+8.90 a
Yunning 1
Z N 0.57+0.10 a 81.32+10.98 a 29.20£321a  7.67:021h 561:0.16a  405.0+152b  61.73+3.08 b
Femminello
BRI S 0.57+0.05 a 79.90+10.92 a 28.96+2.74 a 7.40+0.35 ¢ 5.60+0.21 a 500.0+25 a 66.27+3.33 a
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3 10 i

SALME R R 5 40 R AT SR S e ) 32 B2
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G AN SR B R ALER A Z ] 1) COL MR A
JE R, PRI 7 4/, i e 0 A 8 3Rl
AR, S 15 A R R, 2R R
I, UL ARG BE A S , LR B i
it SR8 F7, XA %A A A R kR A
PRI, T X A IR T (41.36 °C) ViR
S (1 754.93 pmol -m?-s™") | 23 0B UG, #15
RS TR A S f, HREIEA T 4K, LA
WK BIZE R O A R ZEE R TR H AR
2k RPN XN £k . e BRI EAESE,

20t 5 JE R A SR RAIC, i R IR IR B 37 CH,
CO. 1 [F] £k BE 77 3t 110 T B, Y4 38 B T = 31 38~
40 CH, B IRAEIR T PS IR R L oA R
R RE ™, AR, A 15 et R iR
AL 37 CHF (16:00) 75 HA 5 i G A 2, 36
CAAF S AR T IR XA A A M R
Hs

FEARIG ORI 57 ORI ST BB A
PR ] COL MR BE A B SFL T BE R TR
B, S BT, UL S AL EAR R OGS H R I
() £ SRR P mT AT, Y PR R EURAES
FLAZ e, Jw FAERILRR ] A DA 4
NN =P e = ST R B o A M A P SR S
R FEOEA AL, 51 R R ASCR TR [FIRT,
HeA A BRI L A TR & AR . AT AERD
A48 AR SR | R A AR A SIS . X
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