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Influence of magnesium deficiency on chlorophyll fluorescence characteristic in

leaves of Newhall navel orange
LING Lili', PENG Liangzhi"**, WANG Nangi’, XING Fei’, JIANG Cailun', CAO Li',CHUN Changpin'
1 Citrus Research Institute, Chinese Academy of Agricultural Sciences, National Citrus Engineering Research Center, Chongqging 400712, China

2 College of Horticulture and Landscape Architecture, Southwest University, Chongging 400712, China

Abstract; Magnesium (Mg) , an essential nutritional element for citrus growth and development, plays an important role in
maintaining chloroplast structure, activating a variety of enzymes and improving crop yield and quality. In recent years,
with the increased rate of NPK fertilizer application and the decreased rate of manure application, many Newhall navel
orange orchards in Gannan in Jiangxi Province, the south of Hunan Province and the north of Guangxi Province have
suffered leaf chlorosis due to Mg deficiency. This has become one of the important factors in the South region impeding the
yield and quality of citrus fruit. The purpose of the present study is to explore the influence of Mg deficiency stress on
chlorophyll synthesis and the fluorescence characteristics of Newhall navel orange ( Citrus sinensis Osbeck ) at different foliar
ages. The experimental materials were one-year-old Newhall navel orange plants grafted onto trifoliate orange [ Poncirus
trifoliate (L. ) ] rootstock. The plants were grown in sand :perlite (1:1, v/v) medium and irrigated with deionized water for
24 days to stimulate new root growth. Plants were then irrigated every other day for two months with half-strength Hoagland’
s nutrient solution containing three Mg concentrations ; 0 mmol/L ( Mg-deficiency, DM) , 0.1 mmol/L (low-Mg, LM) or 1
mmol/L (control) MgSO,. After Mg deficient treatment for two months, a portable chlorophyll meter (SPAD-502) was
used to determine the relative amount of leaf total chlorophyll content at different foliar ages. Simultaneously, using a Pulse-

Amplitude-Modulation (PAM-2500) fluorometer, the maximum quantum efficiency of photochemistry in photosystem 1II in
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the dark (F,/F ) was calculated for the three treatments at different foliar ages. In addition, the rapid light response
curves of the leaves were determined in situ with a PAM-2500 fluorometer to obtain the chlorophyll fluorescence
characteristic parameters, including the effective quantum yield of photosystem II (AF, /F, ), photochemical quenching
(gP) , non-photochemical quenching (gN) and relative electron transport rate (rETR). Results from recent studies showed
that in low-Mg and Mg-deficient treatments, SPAD readings and F /F, in last year's autumn flush leaves increased
remarkably with the rising of leaf position, whereas those in this year’s spring flush leaves were not statistically significant
among leaf positions. SPAD readings, F,/F, and light response ability (AF /F,, qP, rETR) decreased as the levels of Mg
reduced, but g/ increased. For chlorophyll fluorescence characteristics of last year's autumn flush leaves, the Mg-deficient
treatment was remarkably different compared with the control, whereas there was no significant difference between the low-
Mg treatment and the control. For chlorophyll fluorescence characteristics of this year’s spring flush leaves, no significant
differences were observed among the low-Mg, Mg-deficiency and control treatments. These findings suggested that Mg
deficiency stress caused obvious decrement of photosynthetic capacity in last year's autumn flush leaves, and reduction of
photosynthetic capacity in this year’'s spring flush leaves. In addition, short-term Mg deficiency would have a greater
adverse effect on last year’s autumn flush leaves depending on the degree of Mg deficiency stress. Therefore, under high
irradiance in summer, Mg deficiency would make last year’s autumn flush leaves of Newhall navel orange sensitive to
photoinhibition. Severe Mg deficiency could even cause light-induced damage leading to the occurrence of premature senility

(e.g. chlorosis).

Key Words; Mg deficiency; Newhall navel orange; chlorophyll; fluorescent characteristic
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Fig.1 The effect of Mg deficiency on relative chlorophyll content in leaves at different leaf position of Newhall navel orange
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Fig.2 The effect of Mg deficiency on F /F  in leaves at different leaf position of Newhall navel orange
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K2 eI F/F, BT B RIGAE Z 0 R A9 SPAD {E50 045 F /F,, A0, Bk 1 af
S B A L ) SPAD (H 5 F /F, SR B IR SE R M SL 5 48 i) SPAD 65 F /F, i
WEEIEMEKE R, R, BARBEEN G S BHERT B F /F, B (EJR R OB 1 F o/ F, S50
MEERARNEE(P>0.05) , M JCHEA EM FFIE F/F, Y5XIE2E5 B2 (P<0.05) , KL, 76 E 58 4 Bt
ST S T B Bt b 241 A R JBE A I A B B YA A ARG S R (R A 5 A B A1 T A T B B
B R Y OB G 2R 8RR

F1 ARREEFEXNHEES F,/F, BEXXREE n=25EM) ,n=200F) ]
Table 1 The correlation matrix between relative chlorophyll content and F,/F,, in leaves of Newhall navel orange( Citrus sinensis Osheck) [n=

25( last year autumn flush leaves) , n=20(this year spring flush leaves) ]

SPAD {f SPAD readings

Z 0t Last year autumn flush leaves H This year spring flush leaves
X} CK 1 LM JoEk DM X} CK IREE LM Tk DM
Ps 1L W GRERE (LR e s - . s
0.224 0.582 " 0.772 0.594 " 0.472 0.502

ﬁ‘lr /ﬁ‘m

BRI 300 XoF 01 Ao R I R I R G A BRI, 3 FE B BRI R G R BE b (RBE L S A
W AF,/F, qP rETR Tl N 55X I8 25 OR35St N B8 7 BN . 2 i CEE 4 &1 AF /F,, rETR 3%
AR, gV S EBEK gP FRARA .35 3 AF /F, rETR qP 1 gN 5% I8 22 8 28 6 7 BE 7 1Y A%
R B AR, R JCEELL & M G 7 e 1 A REAIR 5B R0% | B 53 R R IR A A RE R WS R A
5%, BRI ERM, PS TTYGRETGfL I A S A A A B A S DI RGBR R 2 Bl Mg Al
Yyt it R S BRGSO A T R TR CO, Rz Ml S5 F/F, (@PS T 5 T FE 5
A R AR, DE I A Z B AR FE R R OE RR AR T W R AR g 8 4l it
Jefbs AR FRDE T BT K, S O RERE & FEEE A A EE AP A LSS IR PR, R TR A
H JE ANAS RE B B SR AR 2R B Iy Bt B R 3] — e A B 2 5 | R FE i o 4 A Jom ) v e I S AR 45 4 52 B 483405 , e
LAFAFN ISR IRAE, BB REAR T2 AR ST W, BB P AN AN S S50 o R JBF R R AR I 0 28 R AR
WSREF /F, AF/F, qP F rETR A 0 H. , SE M0 SRR 0 30 F2 B 8 28 K T, 78 58 e VR 2
P M S 28 R RGN N B A R BRI, R R R i | OGS T B A R BT RS AR AR S
S K S, B Z 0 R A e AR | 3 T BEAR I I e L far AR A S AL B G T R A R, AR
A= T B2 B ] Aoy R B R R R A 5 e AT B, 35 24 A 1 1T RE 2 R RO 1053 | ke i B 4
A H B,
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