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Abstract

Iron (Fe) is an essential trace element for human body. Improving the iron content of agricultural
products through iron rich variety breeding and iron fertilizer application technology is an effec-
tive method to solve the diseases caused by iron deficiency. Rice is the most reliable, efficient and
convenient food crop. It is of great significance to improve the iron content of rice, especially
milled rice. In this study, ferrous sulfate was used as iron source, combined with potassium dihy-
drogen phosphate and urea leaf fertilizer. The best concentration of iron fertilizer was selected
through plot test, in order to provide scientific basis for iron rich rice production. The results
showed that: 1) the combined application of iron fertilizer and NPK leaf fertilizer could signifi-
cantly improve the iron content of rice. Among them, the iron content of milled rice treatment was
68.08% higher than that of the control, and that of brown rice treatment was 50.58% higher than
that of the control. 2) There was significant difference in iron content of milled rice among treat-
ments (P < 0.05, the same below). The effect of early application of 3% ferrous sulfate was the best.
3) The iron enrichment effect of early application (about 7 days before flowering) was significantly
better than that of late application (about 3 days after flowering). The iron content of milled rice
of the three combinations of early application was 6.01~6.87 mg/kg, and that of the three combi-
nations of late application was 4.73~5.68 mg/kg. The average iron content of milled rice increased
by 21.5% compared with that of late application (t = 0.007). 4) The average ratio of iron content in
milled rice to that in brown rice was 84%, which was 9% higher than that in the control, indicating
that this method promoted the transport and accumulation of iron to endosperm. 5) The com-
bined application of iron fertilizer and NPK leaf fertilizer can significantly improve rice yield, and
the early application of 2% ferrous sulfate has the best effect.
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AW T LRI R B R ot A R ) 5 4% L IR 32, WA 18 BT MIENRARE AT AN R, MOKAE & &
IR BT TLAR RS AR R AL T R B R B TR SO R AR RN T, R /KRR AR R 7T TR RS S I ST It A [
WRPEZROTRIR L Bk BEPR — PR RS T e, DU s R R AR FLER & &, O s SRR KA P SR A2 K B

2. MRS

2.1. e

HE A FT: BASMATI RICE (EUMT 5 3%) . WA 32, KA 18, S{ARMAI NGRS .

BRI : FeSO, 7TH,O (Bl W2k, Fe &8N 20.1%, Zr#ral).
2.2. W

ANXAREG: WIS N, BUE KRS, LIRS BN 209.9 mg/kg. KRGS FONERT S, T 2019
fE6 H 25 5#Ah, 7 A 20 5. BEEEE N 25 cm x 28 ecm, &F/NXE 200 Bk, NXTEA 14 m®, {5
T R 2k TR B2 (A) At FH ST BABY AN R R, A IR 2% (A1) 3% (A2)s 4% (A3)=ANKF, B HEE
Fiti(B1) SR ii(B2) FANK -, AAHERTER A2 AT IR (R 1), BENLX A%, =ER, X4EE 1 m
B BB AT, TR — DX AL /N DX TR TR B 50 emee % A B 28 — YRIBE A BC At 0.5% PR 25, 28 IR IBE it i B it 1%
R A HEMRER L, 1~2 /NS W a8, —HEAIREAH . SO K :
Bk 30 kg/m SN 37.5 ke/w bR HETH .

Table 1. Test design table of combined application of iron fertilizer and NPK leaf fertilizer
= 1. SKEE S R R E AREC it R 3R I R

%5 A3 Jite L )

AlIB1 2%IRER WL + 0.5% R &K H 8HI19H. 8 H28H
AlIB2 2% A + 1% — 240 iR 8H28H.9HS5H
A2BI 3% +0.5%R %K H 8H19H. 8 H28 H
A2B2 3%RIRT AL + 1%k — S 40 iR 8H28H.9H5H
A3Bl %R +0.5%R &K B 8H19H. 8 H28 H
A3B2 A%TRIR A + 1%BER — A4 iR 8H28H.9H5H

ARG TERES B T AR B A I J /KRS B Bk AR =S 20 /L, RI M FCRIRE 32, IRE
18 FIEEYERE, HIRES BN 173.45 mg/kg. 1678 X (A B A LA T 8 B 2R AR P=IR56: 20 1Y, X368
AR AERS, T BN 276 mg/kg. BRERWEKIRIE A 4%, it NP RUAAIESR I, Bk
W ELHE 0.5% R 3, 5 ZIRWHER FLiE 1% B 28 . 5 —IRH/KEHN 30 kg/m 5 =N 37.5kg/
o STHEXTEAR 1wt
2.3. SN

NGRS ARABUCHIRE, F AN~ S5EE, BEABFEE | kgo BlRK S ROKIER S &

AR KARRUSCEI, 4> SRR AT R S5 SEURE, AN REE 1 kg AR KER S &
2.4. BUEALE

IR HHE K Excel 2003 AT HUR BB T7 Z 73041, K Excel 1) TDIST p& % AT 2 5 ELAL(LSD),
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R R EHINT ARG B KR RS R R A 22 AR
3. GRS
3.1. SRS E BB EARE R kR B AR

IR (L 2), BB G AR i T AT X /KR8 B — i 3G 7=, AL BREO HESF340 38 7 10.07%
it () =AM A 14.58%~16.67%, IR =ANAEEE PN 3.31%~6.25%, FL)iti i3 & TR it =
0.022). (HICIFHAEIR i, DABRER RIS 2% 138G 7= 20 R B f

Table 2. Yield table of combined application of iron fertilizer and NPK leaf fertilizer (kg/plot)
2 2. $RBES EEASRATE PBAC e/ XK 36 7R 8 R (kg/ /M X)

Ab 3 [ II 11 g2 BN I +%
AlB1 9.50 8.75 9.75 9.33 16.67
A1B2 8.75 7.75 9.00 8.50 6.25
A2B1 9.25 9.00 9.25 9.17 14.58
A2B2 7.75 8.75 8.75 8.42 5.21
A3Bl1 8.75 9.75 9.00 9.17 14.58
A3B2 8.00 8.00 8.75 8.25 3.13
CK 8.00 7.50 8.50 8.00

HERVIEE 3), BAE5 R H T AR b = A5 AL B () 2 5 B (P < 0.05, FA). Hr: &k
FERRIR A Rt S B 2 m TP < 0.01, FR). EET 4%MBRITAZGEM; 2% RV ik, &
ZET 2% 3%MERTTARIRIE, 1B5 3%. 4%Ee ek 5t 2 M LG 8 X 4).

Table 3. Analysis of yield variance in plots with combined application of iron fertilizer and NPK leaf fertilizer

3. KRS RBEHERRE X 'R ESTE

A SRR DF SS MS F
X4 2 1.024 0.512 2.440
ib 6 4.946 0.824 3.929%
w2 12 2.518 0.210

AR 20 8.488

e RN E S NTIEWR R KPP <0.01), *RARNTTZESHTERE KPP <0.05), T

Table 4. Comparison table of yield in plots with combined application of iron fertilizer and NPK leaf fertilizer
4. FEESEBRITEBR R NXFE L E R

INX R AlB1 A2BI A3BI AlB2 A2B2 A3B2 CK
SO
(mg//MX) 9.33 9.17 9.17 8.50 8.42 8.25 8.00
CK 8.00 0.0039 0.0088 0.0089 0.2061 0.2871 0.5165
A3B2 8.25 0.0134 0.0303 0.0305 0.5165 0.6638
A2B2 8.42 0.0305 0.0676 0.0680 0.8274
AlB2 8.50 0.0458 0.0994 0.1000
A3Bl1 9.17 0.6638 0.9972
A2BI 9.17 0.6663
AlBI 9.33
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3.2. SRS E SR ERE RN K FEFAS S BRI

RIGKIIEE 5. & 6), KRGS ZURER T ARG i A B35 38 gk & &, o R R A3 ehT
TP RI3E R 68.08%, KEKALERF N BT 23 50.58%. Fhjiti ) = AN Ab B A K KBRS Bk 6.01~6.87
mg/kg, B = MEFEH SRR S BN 4.73~5.68 mg/kg, TR KA B REGR MRS 21.5%, %
FIEREKF(t=0.007). S =N bR SRR B 2Rk 7.02~7.56 mg/kg, BT =N b ERAH AR K

TrEN 5.80~7.49 mg/kg, “FIIREKEL S B R EUE MR 13.83%, (HZ 7RI R E K (t = 0.465).

Table 5. Table of iron content in milled rice in plot test of combined application of iron fertilizer and NPK leaf fertilizer

mg/k

(ﬁgs gizkﬂﬂ—'ﬁ%ﬁ#‘%ﬂiﬂ‘l'ﬁﬁﬂﬁﬂﬁ’tﬁll\Biﬁﬂﬁ*ﬁ*%ﬁﬁiﬁ(mg/kg)
A I Il 11 P O HE%
AlB1 6.8 4.84 6.39 6.01 75.73
Al1B2 4.68 7.18 5.18 5.68 66.08
A2B1 6.9 5.48 8.22 6.87 100.88
A2B2 6.2 4.32 4.95 5.16 50.88
A3Bl1 5.38 7.4 5.33 6.04 76.61
A3B2 4.61 4.11 5.47 4.73 383
CK 3.58 3.57 3.1 3.42

Table 6. Table of iron content of brown rice in plot experiment of combined application of iron fertilizer and NPK leaf ferti-

lizer (mg/kg)

6. $RAES REHRA BB iE /XIS AE K K & 8 R(mg/kg)
yosiil I II i 3 O +%
Al1BI1 7.40 7.12 6.54 7.02 53.28
A1B2 4.10 6.46 7.63 6.06 32.31
A2B1 5.44 7.44 9.46 7.45 62.66
A2B2 6.23 5.83 10.40 7.49 63.54
A3BI 5.40 8.57 8.71 7.56 65.07
A3B2 5.94 4.79 6.67 5.80 26.64

CK 4.97 4.40 4.36 4.58

HESMRIGE 7), SAEER RS GSEEREE, KRGS ELSITFE L, RPUGEABAL
MR TSR TR ANEE SRR, SEBEWHGEE 8), 3% R I8k K Kk & Ak
EZE X, BEET 4% VAR ; 4%mER WAk B it 2% B2 W 2k Bt el i, 355 T 4R,

Table 7. Variance analysis of iron content in milled rice applied with iron fertilizer and NPK leaf fertilizer

* 7. RIS ARHEH EEREE RS ERENIR

8 i KR DF N MS F
X4H 2 0.23 0.12 0.090
Ab3 6 22.34 3.72 3.003*
R 12 14.88 1.24

SRS 20 8.488
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Table 8. Comparison table of iron content in milled rice with combined application of iron fertilizer and NPK leaf fertilizer

3 8. KBS ABHRM HRREERK S ELELRR

.- Kbk a g A2BI A3BI AlBI A1B2 A2B2 A3B2 CK
(mg/kg) 6.87 6.04 6.01 5.68 5.16 4.73 3.42

CK 3.42 0.003 0.014 0.015 0.028 0.080 0.174

A3B2 4.73 0.037 0.176 0.185 0.317 0.647

A2B2 5.16 0.084 0.352 0.366 0.576

Al1B2 5.68 0.216 0.702 0.723

AlBI 6.01 0.365 0.977

A3BI 6.04 0.379

A2BI 6.87

3.3. FRIKIERFRERLEN SRR BPEIRIR I

AFERIGR I, KRB SR & SRR R R ZE R, SEWHTT A —86]. H: BHEE
k& s, 1K 9.78 mgkge = /MU MFIH, WKE 18 M E 4R 1, BORAE 32 FTAER: 7
ST 51.63%- 187.65%.

ANTRI K it PO SRR MR 38 20V AR AE ISR 22 57 o TE/KFE ST R ANRE R ATIAM i “ 4% IR 2k +
NPK "2 I, Jiti JE 2R dpe i 1 22 s okl , AL BRSO R /51 30.88% s HLUR IR 32, AbFRATN IR 5 13.95%,
TMAA 18 AR 3G AL

4. THES54L

KGRI EEZEREIEY, GF &P F . AT KRS S SRR R IR M K B B
Tigst. AFTFIRY], EA BRI S EABREROR, SEFRSEARSBENRES R, RS ES
RER B R LI B 84%, BOWHSE S 1 9 A sl BWHNZ R (et T PR ARALIEE SRR,
TR VEER, WHEZM TR KIS, Fit, GREREREKEALRS S R EA T HE,

KRB S BB RO, TR RS EIC R &, BT 7 R4 BE N T B
fEJa 3 KA. MIRFERKEE RS, Bl 3% AR Rl 10 s SSOR s W5 K AE = ok i
L 2% 1R I B 7t P 8 7 R R et

&E 3k
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