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Effect of iron fertilization through pipe transfusion to trunk on iron nu-
trition in apple

XUE Jinjun'?, TIAN Ziwu', CUI Meixiang', LIU Guigiao', LIU Ziying', ZHAO Zhijun', YANG Qingqin’,
MA Xingxing™

("Hebei University of Engineering, Handan 056000, Hebei, China;*Guangxi University, Nanning 530004, Guangxi, China)

Abstract: [ Objective ]Iron deficiency chlorosis is still causing huge losses to crop yield and quality in cal-
careous soils. The correction methods using iron fertilizer include soil application, spraying, injection and
so on, but there are still some problems. Therefore, exploring new ways of the iron fertilization to improve
apple iron nutrition is needed. [Methods] The container for holding iron fertilizer solution was a tank
made of bricks. The main pipe was a PVC pipe, and the branch pipes were made from PE. The soft capil-
lary pipes had an internal diameter of 0.4 mm. One end of the capillary pipes was inserted into the branch
pipe, and the other end connected to a dripper with a flow rate of 2 L.-h™' that was inserted into the trunk,
with one dripper per tree. The iron fertilizer used was Fe—N. The contents of the total iron and active iron
in leaves, flowers, xylem and phloem of new shoots and fruits were measured; relative content of chloro-
phylls (SPAD value), leaf weight, leaf thickness, and chlorophyll fluorescence were determined; and the
correlation between SPAD and active iron was analyzed. [ Results ] Leaf SPAD values increased significant-
ly and the leaves showed no symptom of chlorosis after infusion with iron fertilizer. The leaf SPAD values,
leaf weight, leaf thickness, and the contents of total iron and active iron in the treatment with 16.4 X107
mol - ' N=Fe (T1) were significantly higher than those in control. The chlorophyll fluorescence parame-
ters of the leaves were affected by drip transfusion with different concentrations of Fe~N solution. Among
them, the relative rate of electron transfer (ETR), ®PSII, the actual quantum yield (Yield), PS potential ac-
tivity of (F\/F,), maximal fluorescence yield (F,), the primary energy conversion efficiency of PS II (F./F, )
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were higher in T1 than in the control. The total iron content in the shoot xylem had no significant differ-
ence between treatment and control, but the active iron content in T1 was significantly higher than the oth-
er treatments. The active Fe contents in the phloem in T1 and T2 were significantly higher than that in the
control. The contents of total iron and active iron in the flower were significantly increased by iron treat-
ments at the three concentrations, and so were those in the fruit. The leaf SPAD value was positively corre-
lated with active iron content. [ Conclusion]Iron fertilization through the pipe infusion to the trunk not on-
ly prevents leaf chlorosis but also significantly increases the iron content in the fruit and improves fruit
quality. This method of iron fertilization has significant advantages such as high utilization efficiency of
iron fertilizer, simple operation, and labor saving, and is currently the best iron fertilizer application meth-
od. The active iron content in apple flowers and in the phloem can be used to predict chlorosis incidence
caused by iron deficiency, thus iron fertilizer can be applied in time to prevent the disorder. The good cor-

relation between leaf SPAD value and the content of active iron makes it possible to estimate the active

EIRVES

iron content in leaves with SPAD value.

Key words: Apple; Fe nutrition; Fe fertilizer; Trunk transfusion; Leaf photosynthetic performance
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A. Root transfusion; B. High press injection; C. Siphon infusion with hanging bag; D. Pipe transfusion and drip to trunk.
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Fig. 1 Different forms of infusion
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Table 1 The influence of iron treatments on SPAD value,
hecto—leaf weight and thickness

Jb3 SPAD [ELI [ELIp

Treatment Hecto—leaf weight/g  Hecto-leaf thickness/cm
T1 5743a  66.57 a 590 a

T2 46.53b  54.29b 585a

T3 3595¢  4349¢ 5.80a

T4 20.28d  35.28d 5.40b

T - [FFECT R /NG ST B R R R TE 0.05 /K- EISF R
FE2ES . Tl
Note: The different small letters following the means in the same col-

umn represent significant difference at 0.05 level. The same below.
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Table 2 The influence of iron treatments on chlorophyll

fluorescence parameters in apple leaves

Tl T T3 T4

AEXS L5 38 46.61 a 43.1b 3928¢  20.18d
% ETR

ek K 0.7290a 0.7019a 0.6776a 0.6840a
REqP

E|S I SLY 1.721 a 1732 a 1.788a  1.344Db
FHENPQ

PSISEPrtiE T 02900a  0.2910a 0.2741b  0.19204d
771 Yield

PS TV FETEYE FUF, 36.17 a 13.024b  1092¢  0.9941d
BRI R F, 8557 a 7444b  741.1b  168.5d
PS T EHIYGRE 0.9725a 09287b 09161¢ 0.5185d
TSR FUF.
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Table 3 The effect of different treatments on

iron contents in leaves

o/(mg-kg")

— — M
Kb Sz Add/%
AbFR Before treatment After treatment
T S N N N
B I 1 S S 1 S 7 S 2
Total Active Total Active  Total Active
iron iron iron iron iron iron
T1 305.8a 139.5a 7889a 526.5a 158.0a 277.40a
T2 3234a 128.6a 494.8b 322.0b 53.00b 150.40b
T3 272.6a 1239a 3240c¢ 2165c¢ 1886c¢ 74.74c¢
T4 257.8a 112.8a 289.0d 1064d 12.10d -5.674d
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Fig. 2 The relationship between SPAD and active iron

content in leaves
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Table 4 The contents of iron in different organs

(mg-kg™)
#E Organ T1 T T3 T4
Lk 188.0+30 a 1613260 a 170.0+45 a 98.7+56 b
Total iron of flower
VIAGEEEZ 62.8+68a 54.9+49a 61.7#50a 28.8+22b
Active iron of flower
N T 186.6+32a 1853+16a 184.0+23 a 166.9+8 a
Total iron of xylem
AR TR Ak 24z%1.1a 0+0 b 0+0b 0+0b
Active iron of xylem
Bz A Ak 353+23a 265+#29a 32.0+l6a 22.0+27a
Total iron of phloem
197) e ARG Ak 15.3+43a 13.7x24ab 17.0£26b 14.0£16 b

Active iron of phloem
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Table 5 Total iron contents in apple fruit tissues

under different treatments (mg-kg™)
Qb SRR Ak PSS ek
Treatment Total iron of peel ~ Total iron of sarcocarp Total iron of core
T1 43.55+1.27 a 29.95+0.52 a 16.64+0.85 a
T2 45.91+0.85 a 26.77£0.99 a 17.05+0.82 a
T3 43.64+0.58 a 23.59+0.91 a 15.51£0.99 a
T4 21.88+0.49 b 11.40+0.95 b 10.26+0.82 b
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