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Analysis of the inducing factors of kiwifruit leaf chlorosis based on selection
of diagnostic indicators for iron deficiency

WANG Nan-nan, DONG Xiao-ke’, NIU You-yi, CHEN Yuan-lei, HONG Wei-jin, MA Bai-quan, YUAN Yu-ting,
FENG Ya-qing, LIU Zhan-de
(College of Horticulture, Northwest A & F University, Yangling, Shaanxi 712100, China)

Abstract: [ Objectives ] Appropriate indicator for iron (Fe) deficiency diagnosis was selected. Based on this, the
main factors causing kiwifruit leaf chlorosis in central Shaanxi Province were analyzed and verified using a
fertilizer trial, which will provide a theoretical basis for preventing and controlling kiwifruit leaf chlorosis.

[ Methods ] In central Shaanxi Province, three Fe-deficient kiwifruit orchards were identified through chlorotic
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leaf re-greening after Fe-EDDHA soil application. Sixty-four leaf samples with different chlorosis degrees were
collected from the second and third fully expanded leaves at the top of the currently and vigorously vegetative
shoots in these Fe-deficient orchards. The SPAD values of these leaf samples were correlated with five Fe-
deficiency-diagnosis indicators. Moreover, five healthy and eighty chlorotic kiwifruit orchards in central Shaanxi
Province were selected to sample leaves with different chlorosis degrees (green, slightly chlorotic, and severely
chlorotic), for determining twelve elements, active Fe, nitrate nitrogen (NO; -N) and SPAD values, and correlated
these elements with SPAD values. Eighty-five soil samples were collected for analyzing physical and chemical
properties. Additionally, fertilizer trial in two chlorotic orchards was performed to test the correction of leaf
and soil analyses. [ Results ] In 64 Fe-deficient leaf samples, the correlation coefficient of leaf SPAD and
phenanthroline Fe extracted from fresh samples was considerably higher than those of total Fe, 0.1 mol/L HCl Fe,
and 1 mol/L HCI Fe, which were extracted from dry leaf samples, as well as 1 mol/L HCI Fe extracted from fresh
leaf samples, indicating that phenanthroline-extractable Fe may be a better indicator for kiwifruit Fe deficiency
diagnosis. No difference was found in contents of twelve elements, active Fe and NO; -N between green leaves of
healthy and chlorotic kiwifruit orchards. The descending order of leaf SPAD and phenanthroline-extractable Fe
concentration was green leaf in chlorotic orchard > slightly chlorotic leaf > severely chlorotic leaf. The opposite
was true for leaf NO; -N, phosphorus (P), potassium (K) and boron (B) concentration. The calcium (Ca), total Fe
and manganese (Mn) concentration was lower in slightly and severely chlorotic leaves than in green leaf.
Correlation analysis indicated that leaf SPAD was positively correlated with leaf phenanthroline-extractable Fe,
total Fe, Mn, and Ca, but negatively correlated with leaf K, P, NO; -N, total N, B and Cu. Moreover, random
forest and path analyses indicated that the most closely related indicators to leaf chlorosis were phenanthroline-
extractable Fe and K as well as NO, -N. Linear plus plateau function fitting model indicated that 5.084 mg/kg of
phenanthroline-extractable Fe concentration was the critical concentration for diagnosing Fe deficiency in
kiwifruit chlorotic leaves. When compared with the optimum ranges, the soil pH and HCO,” were higher but
available K and NO, -N were suitable in chlorotic orchards, indicating that bicarbonate-induced Fe deficiency in
soils may be the main reason of causing kiwifruit leaf chlorosis. Moreover, soil cation exchange capacity was
lower in chlorotic orchards than in healthy orchards, suggesting that leaf chlorosis was associated with the weak
capacity of soil cation exchange. Application of Fe-EDDHA or vivianite [Fe,(PO,),-8H,0)] increased leaf SPAD
and phenanthroline-extractable Fe concentration, reduced leaf K and NO;-N concentrations, and thus correcting
kiwifruit leaf yellowing induced by Fe deficiency. [ Conclusions ] Phenanthroline-extractable Fe in leaves is the
most suitable indicator for kiwifruit Fe deficiency diagnosis, and its critical concentration is 5.084 mg/kg. In
central Shaanxi Province, the leaf yellowing of kiwifruit orchards is mainly caused by bicarbonate-induced Fe
deficiency in soils, and also related with the poor capacity of soil cation exchange. The accumulation of K and
NO, -N in chlorotic leaves is the results of Fe deficiency. Therefore, more attention should be paid to the
supplement of Fe fertilizers and the improvement of soil cation exchange capacity in chlorotic kiwifruit orchards.

Key words: kiwifruit; iron deficiency-induced chlorosis; diagnosis of iron deficiency; phenanthroline-extractable

iron; leaf element; soil fertility
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Fig. 2 Correlations between kiwifruit leaf SPAD and iron concentrations in various extracts
ba s Fel’hen_@iﬁ7 QB:E#&%%iv Fe e nw_q:*&i‘ , 1 mol/L ﬁﬂ@&%/ﬁ, Feq ivma nw_:f:)ié'é , 0.1 mol/L ﬁtﬁﬁ/}%%‘:/ﬁ, Feuna F“v_ﬁ# ,

1 mol/L $hMIZIRH; Feru—THE, 28k, n=64, R%,,=0.1614,

Note: Fey,,—Phenanthroline extracted Fe in fresh leaves; Fe,yuc.pow—1 mol/L HCI extracted Fe in dry leaves; Fe, jyuc.ow—0.1 mol/L HCI extracted Fe

in dry leaves; Fe . rw—1 mol/L HCI extracted Fe in fresh leaves; Fe,,—Total Fe in dry leaves. n=64, R*0,=0.1614.



34

TR, 45 BTEHPASWHETRI A GRIEBEM H 2AE s N Hr 555

255001, SRIGRIHARDC B o BEBLAR PRI 38 22 43 A
Y e SO B AR OCEE SR Ay . TR B AL R N
FFOIRFIETE ‘AR T 3T ARk 2 ]
A —F BRI ), B R RREAS 1A 7] 2 ik
JEU R EAT HRA AT . S5 IR, f Al A i R
febd g it () SPAD fHFI# TR & X0 W % 2% 5
(2 1 M 3, P<0.05), idBHEEM 3375040 TPk
Ao MEALFEMNS, 20 SPAD {H M Fep,., 1
L, BREEA R, HEEATEAL (R ). M
R, EALPE SR RS . BE . BRI AL, R
JERARM R, EEEE R (B 3). SiE sk
WA LY, 2R S AL R B AL . R
AL, AEFEER (& 3), A, R sk
m, BRI A B BRI ERGE (A 3),

FHICA TR, Rkt - SPAD 51 Fepyen
SR RS S ARG, S B
MEAZL. 2. . M. . e e E AU
K (P<0.05) (Il 4a), FIrA 50 SPAD IEAHGHY S
2 R B EIEA S, HUA Fep., 5 SPAD AYHHE
Pt (7=0.727) (K] 4a), 7E501 A SPAD A&
Ford, B BE. AR . A TR Z R R R
FIEASE, HUS . B, WAZS SPAD A
B (r 090 9-0.802 ., —0.749 F1-0.718) (1€ 4a)., B
BLARAR ST A R AR S0 BT SR B, X Rk it A v 4k
TUBRBL K IIHEAR N Fep, AP SR, HAFEIRDT
HRE/IN (B] 4b R 2), sk Segh LT, B VE OC it
DRk Il i B A R B S ke = AR L A
Rad A k.

O @& HEfE 4 Green leaves in healthy orchard

Concentration (g/kg, DW)

* 1 TEERLELEHR FE) SPAD {EF0
B_RIFEHRSE
Table 1 SPAD and phenanthroline-extractable iron
concentration in kiwifruit leaves in different
chlorosis degrees

D‘I“H_ glsi/ﬁ%% Feppen
SPAD

Leaves (mg/kg, FW)
it el gt 45.19£2.73 a 5.64+0.38 a
Green leaves in healthy orchard
ALl gt 45.84+3.81 a 5.66£0.19 a
Green leaves in chlorotic orchard
Rt 2528+3.57b  2.940.14 b
Slightly chlorotic leaves
HREH AL 10.64+2.61 ¢ 2214011 ¢

Severely chlorotic leaves
T RISVEE S A E /NG TR R A R 98 R 7 AN (5] 35 1 JBE A )
SR (P<0.05).
Note: Values followed by different lowercase letters in a column

represent significant difference among various chlorosis-scale leaves
for the same parameter (P<0.05).
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Fig. 3 Differences in leaf nutrient concentration among various chlorosis-scale leaves of kiwifruit orchards
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Note: Different small letters above the bars represent significant difference among various chlorosis-scale leaves for the same parameter, and ns

represents no significant difference (P<0.05).
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Table 2 Path analysis of leaf elements on leaf SPAD value in chlorotic kiwifruit orchards

Fehy BB B IE]49238 4% 222K Indirect path coefficient

Nutrient Direct path coefficient K Fep, NO,-N P Ferou Mn Mg Na Cl Decision coefficient
K —0.367 —0.199 —0.183 -0.079 0.049 —0.038 0.0198 -0.0034 —0.0026 0.454
Fepe 0.354 0.206 0.119  0.047 -0.088 0.046 0.0286  0.0042  0.0101 0.390
NO,-N —0.283 —0.237 —0.149 —0.060  0.033 -0.011 -0.0032 -0.0042 —0.0036 0.327
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Fig. 5 The linear relationship between leaf SPAD value
and Fe,,, concentration in Kiwifruit leaves
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Fig. 7 Effects of Fe fertilizers on leaf SPAD and element concentration in chlorotic kiwifruit orchards
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