| T T

——

(T

rhE SR 2024 (11)

doi: 10.11838/sfsc.1673-6257.24078
SRIESAAEX e E EE MR EME B S

Tz, 2= 62 RE?, BAE, A &"
(1. LA R B H S L= / AErh Rl R n R o,
B BB 4300705 2. WAALREAYARAE, WAL BEM 441300 )

WO P EAHIC R E Y AR 2 B IR R I USRS E Z R R s, TR iR R
JCE AL 30 [ B ARG 7= (5 i, REA TR R ) DX Sslob B AR A Bt R O R HR LS Ak .
FERHER T o E A o R A PIEE . T R Web of science, DAANHFHZR . 46 FIHRAC A6 AR, ik
BERNL LLAE ARG, 3B E (Meta) AW ELEG AT SRAHIIE X 3R E/NGZ | FORFIKAE ™= i (1 ™
SO, SR, MR AR AR REAE I /N | TFORFIKEE 3 RO B VEMIAY S, IR EE 45 R 9.76%
7.09% 1 3.68% , ARG HERAIR . 2. HhAHTARES DL e RO i g BRI AL B AR KT 10 ke/hm® B
B PO, ARICAE B AR R T 30 ke/hm® AR PO BT, HIEHIAE S 7E 10 ~ 20 ke/hm® BF3G P= 80O 804
TEAR I DXt AR AR (22.68% ) ARG =R R Aty V0 b Xt FHAR AR ( 11.84% ) FIHAAE (5.67% ) A3 =35 R 45t
PRI PE A Rk . AR ANHT AR AR PR ROR . FEBME IR A MU A R T 10 o/ke MO HETRHIEL . AE AR AT
PIne B . MR A R T AR RE A A R R B AR R e , FR it B s A e FH X
i, IS AR ARG, A RESCBUR B RRR T

KR WEEY; 20 BN 0, e

BB A K R A AR R T T R
B BEFROY, Y RET . R
SEJT R EEAR I ROk, FRIEAR AR
FEER I . WA AR U R LR R R 114
PR, MM TR TR AR, AT S
HEP RO IAEAE 2 SR T ARAEI P
A FOARFKRE IR E EEAR Y, k.
ERAGICRES /N . ERAUKAER - &, (H2
HAR R R 32 B DX | i AE Ty 55 I o A
ZWNRIEN . HRTC e A AR 4%
RHGEAZ, HAR 05T 45 R0 7 ROR A AR 22
Sto —LEHFTERIL, NEREIER . HANHAL AT LR
RN PR ) — SR S et A A
FEST /N P i MR AN K O, AR T A R
TIERIPTFERWY, NAE T e B SR I P A48
FEIGIR I o F ORI it 1 e AL BE A S i i
B AR AL 2 R F K B i, il AR AC £ oK

W EHA: 2024-02-07; FAABEH: 2024-04-20

BEWE . EREATIRIRIEL LS (2023YFD1901004 ),
EEE N EL0 (2000-), LB, E2NFRF L H
[ BFFE . E-mail: wanganxin@webmail.hzau.edu.cn,

WiIFEE: (174, E-mail: leish@mail.hzau.edu.cn,

— 248 —

PRI R 0 TR . R S e
TR R A 7= A [ XA - A R
TCR WA R B HM R L esh, M
Rt S e R TR S R i Rt
FIBRE M 2875 b ke HBEIRMRAS &, FRAT
BRI RCHE ™ FIRTRITFEA IR P Bk . 4 A
FRNEXS/INAE . TR i) B D R AT
AHEAA FH ) X g IF 5 M LA A [ 25 A R X i )
B BRSNS VR - RCR S N R
AR, A T e AR - A Y s TR 80™IZ
A N TR AR 240U R 4 & 0
PR R 2565 S AR 0 TA) Fp ) R P ) el T A MCZ 0L
1 JRE 3t A b AT U SR A R 2R 7 B R
W, JF H AR AR SUAETE R AR . ZR50
A, BEVReA TR AR s R R,
FHEO AL BB SE R GEAL, MIERR DXk
KA BT BAS AR T ARBFTOR T 2022 4F L)
iR B SCHRESCH , e S A WE S Bk L B
R AL X ] = ZAR AR /N A | ORI =
s, AT A EVERIRRZE . Hl . IR, S
FIEAL T A X =i R, R SRR AR
Ak BRI R G B BRI 2

S




| T T

hE SRR 2024 (11)

——

1 #REFZE

L1 Bl

ABIFFE R AR T R v R 0 )
P e . 3 7 B04E A Web of Science SCHER R 2, LA
“ R (Iron) /%% ( Manganese ) / i ( Copper) + /)N 7
( Wheat )/ E2K (Corn )/ 7KA (Rice )+ f=& ( Yield )’
8 BRI G R 2022 4F 6 H 30 H 2Z i & 3 SCHik.
WA B 5 T 7 R LTS H iy, XA
SCERHEA TR L . B B R IE Y ARG (1) RIS,
RRRIEAZCIITI; (2) SCERH VS R i e Hh e
e E TR s, JF H AT E 2R /R
Y (N oK KRR RSN A (3) il
Uy FH A BEORE, AEAEENIRE . PR S
RIS SO SR G2 A Bl 30 (4) i) —iX

50 v WA 25, B it P Bk /i /i K0 2H RS it B/
B /XS RRZH ; (5) SCHR PR BITER DR AN W] A0
R A A PR B (IR 2
D3, FETLL bR, TRk 60 Sk,
Bl 275 . SRBOCE AR AR T 5 AL
17 i B 5 RSO S . (RS IR X
B RHESME MEAETTSE ), LISCTFEIERKER
A5 S BRI, AT B BRI s A5 Bk
Hi GetData Graph Digitizer 2.25 AR AREL
1.2 Bdlans
FIEFETIERZ 5, 1EY - ] RE 2 B H
PR B 52m, ARE SCRR R BAS B R (5 B, F IR
YiFhs . NERHERSE . gD ARGy L T
K HAC . -3 pH AL A AL BRI T4
RK(F£1)

®1 EEEMTFERTFHZMESR

M EE 24

BYIEES INFE Tk KHE

e R BRI (BRAREAR ) . A0 (BRRSE ) . 4L (BRARE )

R0 X s AErpih X (WA . Wb . MR ) L ALK CINARE . TV . Wil . LHch . mdd . T .
LT BEA ) ERHX (TR AR TORA . R . AR TR . TR TEX ) |
A X (dbETi . R, pg2r . Wdbs . NSl FAX . BRI . M. TR ) L PEEHIX
CPrimdeE/R FIAIX . TlEE . HilE . TR AKX . Py . i ARK .. mig ., mRl. =mE)

Iy 2000 4ELITT . 2001—2010 4F . 2010—2022 4F

it e =X it Wi

MEAtHE: (kg/hm®) <10, 10 ~ 20, 20 ~ 30, >30
+ 4 pH [ i e N AT e e N ¥ a4

THEEWUR G (g/ke) <10, 10 ~ 20, >20

13 S

AT BBk A T b E S Ak Sz
WHoE, AR R R B It gy, KA
PF . REEAEG . VEY SR AR (R4 R A5 5 TR AEAE
G2, WP EAAERIR A ST, BT LA FEREDL
QAT i MR T S VA IE R

HENT TN L FORFUK AR i R 1, AR
P ESCRBIAS RS S T o TR, R
b R 9 FHARXEL (InR ) AE RN AR :

R=Xt/Xc
InR=In ( Xt/Xc ) =InXt- InXc

b, X250 4H A B VR P B R R 4 1A,
Xe 20 AR BEEY ™ BRI E, T Ak
(R BIFFE R 22 180 8 10 000 0 B v DR PR M 22,

B SCR - TCACE Sy 7 i, I B AR
TR T, SR I SPSS 23.0 # 17 bootstrap i1
B, HRE R R 5000 Uk, A5 B S 200 (E A
*FFE [21-22 ]O

Shy B R b X 5 A XS A A 08 7 11 5 M R
TG InR Sk IEBER A3 = IR (Z)

Z= (R-1) x100%

AR 2 19 95% B A5 X 8], # Z 1) 95% &
FIXERTF 0, WIEHTHE A2 . A s e
YEY) = A B RN ; A Z 19 95% ‘&5 X [A]
BUNF 0, WIUEBH A . A o R XA B e
A BB £ Z 1 95% &5 X A48 0,
DU 58 R it 4% A S X R A 0 7 R 1 2800
NI, BHHRAT R Z 0] 95% M EfE X A ES,

— 249 —

S

(T




| T T

——

rhE SR 2024 (11)

WG] o e b 2 AL A 22 5 2 0 PRI AN ] ik
Rk . Bl A IS AR = R AT T IEAS A
OrHT, SRR, 3 A ALRLE BV 7 R

A 100
80 1 P 74
60 | FRfEZE: 10.348

& FEAKL: 275

= 40 g
075500 0,00 2500 3000 75.00

' Z (%)
C _
60
i CEBE: 7.09

& 40 || R 9763

= BEAKL: 205
) BA hﬂ_ﬂ

0
=40.00-20.00 0.00 20.00 40.00 60.00
Z (%)

R B ol AR 14 1 0 394 7 i 2 B BN TR S O
Ay, X R WIAIFTE VIR T AN Rl 1 A4 3
PR e AT RER (18 1),

B 40
30 FIE: 9.76
& 5 W’ﬁ%: 12.855
K FEAKL: 54

10
0
=20.00 0.00 20.00 40.00 60.00 80.00
Z (%)
D 8! _
FHME: 3.68
5, - FiifE%: 6.294
= FEAKL: 16
5 |
oL .
~10.00-5.00 0.00 5.00 10.00 15.00 20.00
Z (%)

B MRSk, mAEEE YIS IRERMES T ETE
VE: A PR, SERIHIAC; B OWHIAIERAE ; C MMEAIERAE s D it AL .

14 BdEabe

AHFFE R Excel 2019 0 5% SCRREE , HES75¢
R (R e, TR R AT RO AL B R A SPSS 23.0
HEAT B TSR R et 43 B, R Origin 9.1 #E 47

S

[e]

2 HBRE5HH

2.1 Bk ER RV IS XS /N L OK FIK RS P A
Al

5OR0E Rk . R A R AR e, it ek A A
AR Y RE B E B /N L BORFIKRS 3 Rl & AE
Yrny e, H bt Ak BE A B8 T e R ok, A
9.76%; HUKZEHNE, $ETFIREN 7.09%; $& TR
AN AR AR, BETHIREE N 3.68% (& 2). it FHERAE
(14 388 7= 3k SR B I o T R AR AR A 5 (&1 2). e
FHERIEGE B F /N . FRAUKR R P&, $=
W A3 S 11.11% . 11.54% 1 7.28%, = 4
PR A B 2E R i AR T e il 2 B s /N A
IKFERY 8L, B IR B4 5 8.49% F1 4.86%, Xof
TR RS AER, (REHARE; R
BN FNEOK I r= i 3 W B, B RS 5
3.83% F12.62% (K 2),
— 250 —

u Hr —e——1(54)
(275) Hhp o —e—(205)
Wk —e——(16)
NEF ——e—(26)
i .
(s4) TRF 1 e (8)
KEEE —e—(20)
i INEF —o— (148)
(205) K[ T (27)
ATEE G (30
W ANER e (14)
(16)Fkf + —o—(2)
0 5 10 15 20 25 30
Z (%)
B2 A%, SmFEEHNE, EXF
7K T =1 RO RSN
2.2 A[EVAEG it Pk . R R A A S AR VR

Y2

it A . A I AE AN [R) AR 29 FR I S I 2 1)
BN, VAR T 2000 4F LA FHER B AR AT
FERREAT, AR Z s RS (K3 ),
BB TE 2000 4F LLET AT 2011—2022 4= 14 18 7= 2508 i
=5 FEIETE 2000 4F LA FT FT 2001—2010 45 (/48 72 %k
R, HIELE 2000 4E ARG 2R B (K 3 ),

S

(T




| T T

hE SRR 2024 (11)

—6— (T

M 20004 LR F i —e—i(147)
(275)2001-2010 - i —e—i(51)
2011-2022 : ———(77)
20004F AR [ ; [E——
% 001-2010 —e——(9)
<54)2011—2022 - : —e——(36)
. 20004ELIRT F E —e—(136)
(2(“)”5 120012010 | : e (57)
20112022 F ——»——(12)
- 20004ELLHT [ : —e——(2)
(16) 20012010 f T )
2011-2022 [ r*% (3)

-5 0 5 1(l) 115 20
Z (%)
B3 AEREEMRNE. ERKFEE
k. RFRAREIEENER

2.3 Bk RV IE e R O SO0 AR B AR Y
Al

BR L AR S it P 2K 32 R it AR
AR 77 A 3 A B A R P R RO
AN CHE 4 ), k. At RV RE it R i g 134 7= s
I3 8.62% 1 6.61%, Wit AT 5 ik 448 7= i i 22
SRR E (E4), H R, e A i 3 5=
W B 3 ) 2 15.15% 1 6.58%, i 2% T AT T
AR s W FERAE, it At 0 8 7= R 0 )
7.92% 1 6.61%, SEYNCARLL, FRIE L HERG - HOERE
Ftiti; TR B AR AR i Sck, AR A
FHERRCR, iR AR 3.68% (K 4),

w EE e (110)

5t —o—(165)

it g . (20)

WSt - —e—(34)

g i —e—(74)

Wt - —e—(131)

W ke (16)

0 5 10 1‘5 20 2l5
Z (%)
B4 . SEFEIEAAREER AKX
R YIS =R B R RN

24 Bk, GE A IEAS MG PR B £ R 1 7 ik
I

SR EL ANEE T KK R B B O B2
Bk, R N B P B 0 88 B B 5 T A

<10 kg/hm’ B 77 MR B IR BB K, R 11.16%; i
JE H& 7E 10 ~ 20, 20 ~ 30 Fl >30 kg/hm® i 5 7=
R B A A it B 2 (W g 2 5 (B S), 3
B VE M 1 10 7= M 38 it 5 0 A 1 it D 184 o v sk
N, T <10 ke/hm® B 38 77 i B SR B Rk,
14.41%; Siftar >30 kg/hm®, i HERIE 2377 4 1
ROV HLAARON 8, W IR R 3.49% (181 5). il
G TS £ 344 7= W e A vt P 2 1) B S BRI T
B, MR R <10 ke/hm® B9 7208 FE K 8.31%; TEHEE
i >30 ke/hm’ B 9 77 0 BE K, M 8.95%. it
] JIE A i FH 4 10 ~ 20 ke/hm? BF 3G 72 4505 i 35
(K 5).,

<10 F E e (24)
Bo10~20 F L e (34)
(103)20~30 e (24)
>30 | e (21)
o <10 f ; . (12)
(18)20~30— io—e—i(3)
>30 |—e—(2)
<i07F ——e——i(11)
5 10~20 F —e—— (28)
(69)20~30 | {1 (15)
>30 + b (|5 )
- 10~20F - —
(B 2030 f e (6)
>30 L : . (4)
(kg/hmz) I 1 1 n 1 1 1
-5 0 5 10 15 20 25 30

Z (%)

B 5 . s&MEIEAEEAE
FREEYIIE = 1R A

2.5 A[a)Hb DXt Pk L R RN A S AR B VR

H2ER
AN T[] Ml DXt R kL R A A B4 4 7 B8R AN
. MAOKRE, . Bl A IR AE AR 7R b X 08 7= 5k
RIhf, N 14.79%, HYORTEHHIX . AedbHbIX
Al X R i DX, B 0 BE 2 )R 10.019%
8.03%. 6.18% F13.56%, {H 5~ Hb X [ 34 7= 2
WAREZER (E6), Hrf, ZRIETEMEAR X 1
FERCR B, MR Ok 22.68%; AT AE PG &R
HiIX b IX | AE X RN 4E R L X 3 i
F 38 7 Ak R, B R R 4 ) R 11.84% . 9.25%
6.40% F1 3.56%, FEAEZR b X B ARA = R, H
SRR N B it FH R R A VG M DX ) B AL
TR, WP IR B IR B 5.67%, T8 2R H X ()
FENR BE A 2.92%,  TEAE R Rl X 3G PR U OR B

(K6),
— 251 —

S |



| T T

——

rhE SR 2024 (11)

fEX L e (128)
w ERMIX L ° (13)
AR e (27)
Q7S)teelx | 1 e (45)
P F —e—(62)
A5 - e @
gi E/\%% I E ) A (8)
(sa) WK E | e (19)
UL | —e—— (24)
e = (117)
O AEAMIX e (2)
(205 )FEFHIK - 1—e— (27)
EEIX —e—(25)
U e (34)
i AR e———()
(16) EAMK F 1*(3)
w4 ) )
0 10 20 30 40
Z (%)

Blo AREMXEAK. BMFEETRE
FEHHE 7= R BE B 32 0

2.6 EIEPEARXIAE AP A AL AR B )
PR R

B P S it kL A S B ROR e,
UM B 7.94%; UL R PE AR, ST IR
5.30%; FrrprE b BARA I RCR, (BIER ™

RORAN W, 3R L - O A B3 2 5% (A
TA ), Horb, BRACFERRIE IR PR TR+
5 BRNCAE bV A SRR 43 it T RE RS R Ik
Y=k, e et SR i B 7Em
PR RESE /N | FORAUKRE =, (HIE e
MR RE (EIT7A),

A MRS R <10 ghe Bt FHEK . % AR A
PRCR A, WA IEAVLR SR, iR
TR MR RO AR, 76 3 A RIHEA LB &
ORI B RS (K 7B), LA HLE
B <10 kg Wil FHAKR B (R 38 P=ROR e, 387 IR
FE R 12.13%; A LT i >20 gk B3 7= 2R
/N, BEE0EEE N 7.09%, 153 Fh A HLE &R
B P E 22 AN 3 (B 78), AL
JAE 10 ~ 20 ofkg Wit HERAL 3G P RHOR B, 357
WERER 6.15%, HIGP-ROR W& & T HIEA LR &
17 >20 okg A 34 (K 7B), 1+ IEAHLE &
10 ~ 20 grkg i FHARAC A3 =R A B3 (7B ),

(T

B
uo <10 —e—(34)
(138)10~20 —e— (75)
>10 P —e—(29)
" <10 F ; s ( 10)
(38)10~20- . . (7)
>20 : —e—(21)
g <I0F t—e— (23)
(87) 10~20 - —e—(56)
>0 e (8)
i 10~20 e (11)
(12)(g/kg) ! N i N
0 10 20 30
Z (%)

E7 TEMERIREIEYRERS. 50 5E AR =1 h 22
He AN pH; B AR,

A 1
Eﬁ@ﬁi@- § —e—i(27)
(o PHELIET e (7)
Bl - i ———e——— 55}
H Fatk } —e—(20)
(47) » : ‘ . (27)
ik +- e : : .
i;Mﬁi%-*444%—H(ﬂ
(38 Tt e T
T 4398 ﬁ—o—(zm
51 BPEH e —————i(4)
(4) 1 i 1 " 1 n 1 1
-5 0 5 10 15 20
Z (%)
3 it

BRL BRSO S IR U R R — e A ),
ZHERNAE RN, 258K EM, Ak
SEM SRR I S5 RN, fedt A sE
WENERE ., FEEWEREE D RIEEENAE .
ARSCOFFEA R, BB A A0 AL RS 1
INFE L FORMUK AR (] 2). JRUA Al e it
FH 3 BRI /N 22 F) o 0 R T J 1 >
KRR, FPRIEOE I, A =
— 252 —

1P KRS R, RRIRC S 4R
i%ﬁj]n [ 26-27 ]o

2000 4 Z Hif it FHAK . A 0 T 3 7 OR B dy
(FE3), AWFEh, ik 5 7 T 1976 47,
TEMZ AT 2 T4k A4l A 5 i oo 2 IR
FEENE, SEEHOh SRR o R R
B, MR E RS, SR EZE-, K5
it A MUIERL RIS 26 . B AR SR, 45 58
WA THER, BRI ICER, M. A
HEH 3 =z R A1

S




| T T

hE SRR 2024 (11)

——

AT K 2 B0 it FH i e S SR T R A REH
R AR R, T EUR R AT Reh AR B = il T
. Kk, HAEGEERMT, MmEmitek. &
TR o T R A BE R R L AR
ZEIR RN, BRNE AR NE 1 AR ST it ,
JE i A 3 7 R ROR, AR w2
(Kl 4), 134k BE B 4 b 24 11 Fp 4 B e 1) Ji IR
] BE R B IE SR AR 5504 AR 28 fe ik
RS R FEAL, R A VL3 S AR Xk
(AT FE 20 i e A T LA o g e e A 0
I s i ol adoR B AT i e

R L D O WA Y s o 1) 2 B ey
Z 3 A s (S ), Tt FHAERAE 3 Ao & 1E
W 7 i R T B A 3G R R, Y i >30
kg/hm® B} P2 R3S [ (11 S ) 3k ml B2 IR M i
JEEBUN- PSSy AL S S TR NG R N B S E 7 D
BRE, HiEHTERS = EgEE, S84 KR
BH 20, R O e R B B 2 o, 3Rt
it o it HERAE 3 PR & VE Y7 25 it A £ ¥ R Y
WrERERA R EES (K5), XageER Rt
S B W BV S T A e TR, g
HOMMA SCSEI A ZE A, (A5 I X
A B TRETGER S T A R
FE Y RLOE R P AR K, TERE
AR it s 8 7 5 R A

AW EE R R, FEAR AR M DX it FH R N 3 7 3%
SRBAT, FEVG R D AR NE IS P SR By, 7E7h
08 b DX it P S 8 7 AR R A, (R A A b X
. AR IEAE D P ) 22 A B (E 6 ).
T8 HIE DR AV B = B4 LA O A K 3k
F O, LV DK Pk AR AR AR A,
BRI FR I 0 ] BE & R R A XU T A R 3 AY 6
L [ [ D ST |7 St e wb= e o (1 RN R S A S
M T AR HE A PG e DX A R 5 e IR T LA
X, A I A = R R Aty 2,

YED IR TC R B T 2B A X F i oo
KM T RIMNE 32 3 L3P R T R A RE N
M it i TR IERLE A T 4 m R e TR
HA R, PR A2y E 4 3 o on 2R = 1R
O, PEEAPRLT R BR L B AR S 0 A R IR R
TR 23 pH AU, pH &A1, 3 cu™,
Mn™ il Fe™ (1) 17 fiff JE 0l 23 B AIK 100 475, 1 Fe'™ 1)
VR 2 T 1000 4% 0 FERRME TP R L G

TR R Sl N R, Rk, 7ERdiE 1 rp
Kb ek A RS A E A K AR, I
by |V SN A S AT S NI RO Y T nt
it K L R A E 4 e VR 4 7 i A SR B (A
7A )o

ASCFTREE R R, FEAPRS & <10 gke 1)
- 9 it FH Bk LA R AR R R v A R R
47 (K 7B). HIEAPURASAGHEETER, |
B EAT KW B A5, AT LA SO e - 3 v ) 4
JEIGER, ME LEAIR S BT S, AL
AR A, I HEE S5 EITENEE S
AR, Wit maeEog N &
I AR R A A LR AT T S 5
AT, A AL BE AR UE S AL A0 30 R, 38 0t
M e, HILBEE A PLS & & Rm, i
B, BRI G S RARBE > 8 Y, FEA LR
I 4 it FH Sk L R S5 T T R IR RHRE RS
BEIPEYI T X e T R AR, R, HEeE
P

A PR R AL F R P MR i 5 S T B
HE, ek, BRSNS E S SEBEY S
W RE N TR, SCA1EMES, ERKZM., 3
WA, MAE RS R E IR & &
KLk S0 AERTI 174 ~ 17274, i K R it e
R U A B BRI, XTRHEE A SCS
BRLCERRVER SRR B, R T Bl &
H2, W, 7RI A . B, BPACRHY 1
Hh R B R TR R T B R AR Y

F T FH (35 = 48 v et it P 6 RS T 9 4R
ez, HAAE A RO B, RO IR 22K,
HF g R Tk — 50k, b, HRrRETY
B R EIEREE AR ZES, ARREE
Ykt k. AR TR R E], OREER . A
B A AR 2 AT —E RS BAE T, RS ol
O] B 22 Sk B PR 2GR 7 e s

4 L5t

i bRTIR, MEAER . R A O TR LR E
AR AR, (R IR AR T i
VoA P PO ORI T, 95 HARAC R B
o, A RESCBUR B AR ™ ™ . TEARARMBIX
AT LUSE T RRAE , 7 PG E ] L i E A NE
BeAh, LSRR 2R AR AE FHRCR, 7Emk

— 253 —

S

(T




| T T

——

(T

rhE SR 2024 (11)

IR LTS AR S PRk R AR AL
HEWCR . BRI LA it HERE i <10 ke/hm® S

S E Lk
[1] Rengel Z, Batten G D, Crowly D E. Agronomic approaches for

[12]

[13]

[14]

[15]

[16]

[17]

improving the micronutrient density in edible portions of field crops
[J 1. Field Crop Research, 1999, 60: 27-40.

Wyszkowsk I M, Brodowska M S. Content of trace elements in
soil fertilized with potassium and nitrogen [ J ]. Agiculture—
Basel, 2020, 10 (9): 398.

Em, BV, SEEA, AR S I R /N
M TR A [J]. PRSI, 2016 (5):
85-89, 123.

Wtk e, L3, T5e, S5 B HRCHEXT &/ T R
FERIRT ORI ()], LHGETR, 2010, 41 (4): 938~
941.

BTA, IR, A ER, S
/N PR R B R [T ]
(4): 689-694.

JKF, sKkaz, BEIE, AR A/NA BT RILBIEAGL R B
g2 (1] HlERMEHL, 2016 (2): 81-84.

TEIORE, SKABK, THARE. AR F RS A R
ANZZRYBONE [T, PRACARAMRBI R 224 ( FARBAR)
2001 (S1): 19-22.

X%, MM, MR, AR CBEL ERRROIERT B KT R BT
s (1], pedbaRalkR, 2017, 26 (11): 1598-1605.

BHE, T, WEE, S BIESERERET . R0
Wl (1], hELES AR, 2013 (4): 83-87.
W, WL RIS DR RO R s AT (0]
FHEAEA, 2004 (4): 96-98.

Ha, EAR, @A, 5. vhimer. RCHE X KR
i T B BT BRI S AR 22 S [0 ] AR,
2010, 43 (24): 5009-5018.

WARIC, Hoarth, xidh, S BESORIEE FROTR RGN
REE TR b A= i josEmE (1], J7ARAR R, 2012, 39
(1): 21-24.

258, WRfE4e, RA, S ML RRIExH TR E 9 5
PSRRI [ ], TEPGAQL R4, 2020, 42 (3):

- T T it AS ) 7 9 o0 3R X
FRAEY M, 2011, 31

448-457.
R DU, SRS, AF TTIRAE 8 T R X ok T

RPN R a0 (1], SCH R, 2023, 37
(1): 208-216.

BERL, BOHESF, MRIBIIR, S R MRS RO L Tk
WO FR A RAE (D], PEER MOl R, 2023, 52 (1) : 130-

138.
TS, BURGEZ, OKHE, A BRI A RS MO TR
5 pH FAEHUTSER [T]. 4, 2022, 54 (1): 88-94.
TR, kAR, RUERE, S R )it HE O 2k o B
W T R R A SR [ ], RIER,
2012, 49 (6): 1104-1113.

— 254 —

S

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

BEEE, M, DA%, % ORUEITRBK. . #XK
REAE R AR B2 s (1], i EREK, 2012, 18 (4):
31-35.

Dore T, Makowski D, Malezieux E, et al. Facing up to the
paradigm of ecological intensification in agronomy: Revisiting
Methods, Concepts and Knowledge [ J |. European Journal of
Agronomy, 2011, 34 (4): 197-210.

AHHE, Eu, BRI, S PREEITE S T R R
S ()], PEREE, 2021, 34 (3): 66-71.
Adams D, Gurevitch J, Rosenberg M S. Resampling tests for
meta—analysis of ecological data [ J ]. Ecology, 1997, 78 (4):
1277-1283.

Gurevitch J, Hedges L V. Statistical issues in ecological meta—
analyses [ J]. Ecology, 1999, 80 (4): 1142-1149.

Zeidan M'S, Mohamed M F, Hamouda H A. Effect of foliar
fertilization of Fe, Mn and Zn on wheat yield and quality in low
sandy soils fertility [ J ]. World Journal of Agricultural Sciences,
2010, 6 (6): 696-699.

W&, ki, R T A AR A UL
XA /NAE S TR i R RS [T ] Ol AR,
2023, 52 (2): 38-46.

. BUEROE TR XA/ NE . IR . il
sz (D], i Sl R, 2012,

ATREME. ANIREE Bk BRSO AT (RERERL B IR K
HAMARERIS R [D ] A8 bk, 2020.
Ashkan D L, Amirabbas M, Morteza M. 7T 25 - i Wi %o
IKFE (Oryza sativa L. ) 775 RHA AR MW [J]. Y
FHGIRAAR, 2021, 27 (5): 909-918.

Graeme B, Christopher B, Jian Z. Effects of glutelin and
globulin on the physicochemical properties of rice starch and flour
[J]. Journal of Cereal Science, 2014, 60 (2): 414-420.
Donnini S, De N P, Gabotti D, et al. Adaptive sirategies of
Parietaria diffusa (M. & K.) to calcareous habitat with limited
iron availability [J]. Plant Cell Environment, 2011, 35:
1171-1184.

W, BIRTE, S, A5 PRI AR B b e A kot &
INZERRMEE R [ ] 4O IREERN 4, 2022, 41
(9): 1955-1965.

PR, RIS, ERATME. LT R R E E R
ERFERYEZI (] MYE SR SICRE, 2004 (3): 255-
258.

SROCHE, FRAlE, XUGE, % YRR (Fe) EIRAYAZEHT

sEitiE (1], hER=ER, 2021, 37 (36): 103-110.
MR - JRHUE, SRR - KSR, A, i

RT3 R HABERISE [) ], A2 2%k, 2006 (2):
155-160.

AREEE, sktEsl hERAE TR, P E g -
TEY P T RV BUR AR [ C ] /7 kst PEgRL K
2EHRAE, 2009: 2-3.

XU, B CER (M. BT TR AR
A, 1996: 134-145.




| T T —— (. [ |

hE SRR 2024 (11)

[36] ski, 89T, T8, & P ER A RS PR [39]  T#E37, BKE, KA, & BPRE AR LR

HOLESRME (1], Al TRSR, 2020, 36 (16) 5 pH MAEHURMSER [T]. 3, 2022, 54 (1): 88-94.

62-70. [40] ZEBfE. B E XN AR FEILAREGIsE (], FRIBX
[37]  Z=iEsi, itk bk A ML R X o 4 Ja k2 fl BT, 1998 (1): 79-82.

S hnaigm (7], AR, 2004 (6): 1083- [41]  ZEHRE. 4. BOREIE L IR Rh 15 T SEE X/ 22 A K 50

1087. Wersgm B LHLE [ D ], e PEALRMBHE R, 2019.
[38] 7hfE, WRKGR, ®EA, % HHEAHTT LSS )RR [42]  ZA7%, 7%, 06, 55 KW AC X OG % + o

BOBRME IR [T ], MR R g AR R JCRABMERZW (1], MY ESFRS R4, 2010, 16

i, 2011, 34 (4). 82-87. (6): 1456-1463.

Effects of iron, manganese and copper fertilizers on yield increase of main grain crops in China by meta-analysis
WANG An-xin', LI Wei?, ZHOU Yi-xin>, ZHAO Zhu-qing1 , SHI Lei™ [ 1. Key Laboratory of Arable Land Conservation
( Middle and Lower Reaches of Yangtze River ) , Ministry of Agriculture and Rural Affairs / Microelement Research Center,
Huazhong Agricultural University, Wuhan Hubei 430070; 2. Hubei Maosheng Biotechnology Co., Lid., Suizhou Hubei
441300 |

Abstract: The effects of iron, manganese and copper fertilizers on crop yield are affected by the differences of growing
regions and soil types, fertilization methods and application rates, as well as many other factors. Conducting meta-analysis
of above microfertilizers on the grain increase will provide a theoretical basis for the rational application of these fertilizers in
grain crops. The research data were collected from China National Knowledge Infrastructure, China Science and Technology
Journal Database, Wanfang Data Knowledge Service Platform and Web of Science. The effects of iron, manganese and
copper fertilizers on the grain yield of wheat, maize and rice in China were comprehensively analyzed by meta-analysis
method, with the response ratio as the effect size and no application of iron, manganese, and copper as the control. The
results showed that, the application of iron, manganese and copper fertilizers increased the yield of wheat, corn and rice,
with the increase rates of 9.76%, 7.09% and 3.68%, respectively. The yield increase effects were different in different years.
The effects of soil application of iron fertilizer, manganese fertilizer and copper fertilizer were better than foliar application of
them on the grain increase. The application rates with better yield increase effects for iron fertilizer were less than 10 kg/hm®,
for manganese fertilizer were more than 30 kg/lhm®, and for copper fertilizer were 10-20 kg/hm’.  Application of iron fertilizer
in East China had better yield increase effects ( 22.68% ) than that in other regions, while application of manganese fertilizer
and copper fertilizer in West China had better yield increase effects ( 11.84% and 5.67% ) than those in other regions.
Soil properties could affect the yield increase effect of iron, manganese and copper fertilizers on crops. Applying iron,
manganese and copper fertilizers in the alkaline soil or the soil with organic matter content below 10 g/kg could increase the
yield significantly. The application of iron, manganese and copper fertilizers could significantly improve the yield of grain
crops, but the reasonable application method and optimal application rates of them, as well as the coordination of them with
other fertilizers were necessary to achieve stable and high yield of grain crops.

Key words: grain crops; iron fertilizer; manganese fertilizer; copper fertilizer; yield
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