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Abstract: In order to provide theoretical and practical basis for the effective molybdenum deficiency control measures
and rational application of molybdenum fertilizer, field investigation, morphological diagnosis, leaf nutrients content
determination and spraying test of ammonium molybdate were carried out in navel orange (Citrus sinensis Osbeck).
Further, navel orange leaves with different degrees of chlorisis were collected to measure photosynthetic pigment con-
centration, photosynthesis rate, chlorophyll fluorescence parameters and photosynthetic product concentration. For
normal, slight chlorisis and severe chlorisis leaves, the concentration of nitrogen, potassium, magnesium and born were
all in optimum range, zinc and calcium content were no significant difference. The molybdenum content of slight chlor-
isis and severe chlorisis leaves were lower than that of the threshold value of molybdenum deficiency (0.10 mg/kg), and
decreased significantly than the normal leaves. Spraying 0.05% ammonium molybdate significantly reduced the symp-
toms of chlorisis, indicating that the yellowing leaves of navel oranges in the test orchard was caused by molybdenum
deficiency. Molybdenum deficiency symptoms of navel orange were with nearly round and bright yellow waterlogged
spots or patches on the new leaves, and the leaves were distorted with the edge leaf rolled up or inward. Photosynthetic
pigment concentration, activity of RUBP carboxylase, potential activity (F,/F,), maximum photochemical efficiency
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(F/Fy), electron transfer efficiency (ETo/RC) and quantum yield (ETo/CSm) of PST reaction center decreased sig-

nificantly with molybdenum deficiency, while the heat dissipation coefficient (DIo/RC) increased significantly. Molyb-

denum deficiency significantly decreased the photosynthetic rate (P,), soluble sugar and sucrose contents, indicating
molybdenum deficiency will decrease the photosynthesis of navel orange.
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A BHRIEATE; B: KBUREEE; C: WEKY; D: MhsiiAlE; B fRMHAT; Fo iR,
A: Whole yellowed navel orange; B: Water-stained yellow spot; C: Yellow patch; D: Leaf distorted with the leaf edge rolled up;
E: Leaf surface of symptom leaf; F: Leaf back of symptom leaf.
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Fig. 1 Cholorisis symptoms of navel orange leaves

212 crtASASE WE 2 Pos, B RS
AR IR, . R, &
FERAR A B4 E A E S5 0.12, 0.08,
0.05 mg/kg, HEREE, AR R HEE
O EIE I R AT 33.3%. 58.3%, 251k
W, —Hh, RS REIT 0.10 mg/kg 2
T AR AR B = P, T B AR I A Y
KT A

AH LB BE L BRI B2 2 T B0
W Bk, MEZSRERY (B 3), EH . BE
wifk . HEEAA A B BRI R
K 2.92~3.08%. 1.77~1.83%. 0.26~0.31%7F/ 37.00~
47.23 mg/kg , HIATFAIAE A KB B IR A R
MERBR L BS . BI. BESEAE 3 R AR IC R
25 A B ERIOVREREM. = Ee
hEm TIEw R, HERTGSEH YR
R Z N RN A% 1IE% . BE
Wik, EEEMAM WSS E (2.13%~2.29% )
IR F o Z KF (Ca<2.5% ), FESH (18.30~
18.61 mg/kg ) ¥4k Tt = 7K ¥ ( Zn<20 mg/kg ),
ERESL Z [ TG 25 5%, DA A i - AL R 2
FRITTREEZ FTEL

0.151
— Aa
2 o0a12f I
0
&
E 0.09 - Bb
w30 I
e
Fg 0.06 L Cc
:° I
2
g 0.03
S 0.03r
=
0 b d
1EH BE HERK
RREBEACEE R
Different degrees of yellowed leaves
P<0.05
P<0.01

Different lowercase letters indicate significant difference among
treatments (P<0.05), different capital letters indicate extremely
significant difference among treatments (P<0.01).

B2 ARELREREMHFNESE

Fig. 2 Molybdenum content in navel orange leaves with
different degrees of cholorisis
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Fig. 3 N, K, Ca, Mg, B and Zn content in navel orange
leaves with different degrees of cholorisis
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Fig. 4 Effect of ammonium molybdate spraying on
molybdenum content of navel orange leaves
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221 kE&EELHE HUHSERBMNROLAEEA
REREMIC (X 1), SIEFR MR, BERE
Ak AR B ¥ AL Ho 1Y Chla, Chlb. Chl(a+b)Fl Car
TR 44.1% . 47.8%. 37.3%. 44.9%F
63.6%. 65.4%. 56.2%. 64.0%, 2=FY AN BE .
% B AL RN B AR R Chla/b HUAE R IE & I
R3S 10.0%F0 6.2%, & BRREH XA - A
Chlb 52K T Chla,

222 vk EFRAAHK TRo/RC, ETo/RC,
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Tab. 1 Effect of molybdenum deficiency on photosynthetic pigments content of navel orange leaves
HAL LR Y4 & % | Photosynthetic pigments/(ug-cm ?)
Degree of chlorisis Chla Chlb Car Chl(a+b) Chl(a/b)
EH 43.37+1.88" 11.65+0.85%° 11.94+0.614° 55.03£2.717 3.68+0.09%°
RpE 24.25+3.265° 6.08+0.71%° 7.48+0.825° 30.33+3.96"° 4.05£0.05
GV 15.77+1.77% 4.03+0.41° 5.23+0.54%° 19.80+2.19 3.91£0.08"
P<0.05 P<0.01

Note: Different lowercase letters after the same column of data indicate significant difference (P<0.05), different capital letters indicate

extremely significant difference among treatments (P<0.01).
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Fu/Fm. ETo/CSm ¥ 10 2 8iil W & I T 1E % 0 A,
DIo/RC ¢ IF M 7 A dn 2 88 w5, d B e BH 25 0 %
B R PSIT Rz 0 B HL A 3 52 4 . S fb2isk
FREAL, Wl tRE T 2 LUAFERU B A 2%
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Tab. 2 Effect of molybdenum deficiency on chlorophyll fluorescence parameters of navel orange leaves

LA
b ﬁmﬁﬁ: . TRo/RC ETo/RC F./F, Fo/Fu DIo/RC ETo/CSm
€gree o1 cnlorisis
EH 1.84+0.10" 0.85+0.03"* 4.80+0.23% 0.83+0.01** 0.38+0.045¢ 970.00+127.36*°
=35y 2.03+£0.20" 0.78+0.054° 3.31+0.49%° 0.77+0.01%° 0.59+0.10%° 675.00+6.245°
gy 2.04+0.15% 0.74+0.05"° 2.24+0.19%° 0.69+0.025¢ 0.92+0.114 529.00+78.62°°
P<0.05 P<0.01

Note: Different lowercase letters after the same column of data indicate significant difference (P<0.05), different capital letters indicate

extremely significant difference among treatments (P<0.01).
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Different degrees of yellowed leaves
P<0.05
P<0.01

Different lowercase letters indicate significant difference among
treatments (P<0.05), different capital letters indicate extremely
significant difference among treatments (P<0.01).

B 5 GREAXIETEMF RUBP SR ULEEE THKIN
Fig. 5 Effect of molybdenum deficiency on the activity
of RUBP carboxylase in navel orange leaves

®3 BREAXWEEMREXSERNZIT

Tab. 3 Effect of molybdenum deficiency on photosynthesis rate of navel orange leaves

s
HALR . P./(umol-m*s™") G,/(mol-m*-s™") C/(umol-mol™") T/(mmol-m?-s™")
Degree of chlorisis
EH 7.27+0.25% 79.33+9.294% 274.33+£22.81¢ 2.50+0.36%
=3Ey 3.43+0.155° 56.67+11.5948° 337.00+6.245° 1.33+0.255°
o 2.3740.21¢¢ 40.33+6.665° 408.67+6.117° 1.00+0.365°

P<0.05 P<0.01
Note: Different lowercase letters after the same column of data indicate significant difference (P<0.05), different capital letters indicate
extremely significant difference among treatments (P<0.01).
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Different lowercase letters indicate significant difference among
treatments (P<0.05), different capital letters indicate extremely
significant difference among treatments (P<0.01).

B 6 mREAXIFFIEM FXETY S BN
Fig. 6 Effect of molybdenum deficiency on photosynthetic
product content in navel orange leaves
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