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Influences of different application methods of micronutrient fertilizers
to yield and content of zinc and iron in potato

LUO Lei, LI Ya-jie, HUANG Kai, YAO Yan-hong, WANG Juan, LI De-ming
( Dingxi Academy of Agricultural Sciences, Dingxi, Gansu 743000, China)

Abstract: With the purpose to analyze the influences of two different application methods (soil application and
spraying) of micronutrient fertilizers to tuber yield and content of zinc and iron in potato, using Dingshu 1 as test materi-
al, a field experiment was conducted with 13 treatments, i.e., zinc sulfate, ferrous sulfate and manganese sulfate as
base fertilizer (D1, D2 and D3), spraying with 0.2% aqueous solution in budding period, flowering period and tuber
expanding period (A1, A2, A3, BI, B2, B3, Cl, C2 and C3), and no application as control (CK). The results
showed that the application of micronutrient fertilizers reduced plant height by 0.9 ~ 3.9 em, increased stem diameter by
0.02 ~0.13 ¢m, increased tuber number per plant by 0.13 ~0.86, increased yield per plant by 0.002 ~ 0.18 kg, in-
creased average tuber weight by 7.48 ~12.04 g, and extended growth duration by 1 ~ 8 days. The production could be
increased by 18.4% ~25.7% by spraying zinc sulfate in budding period, flowering period and tuber expanding period
and spraying manganese sulfate in budding period. Spraying zinc sulfate in budding period could improve zinc content in
tubers by 2.2 mg-kg ™!, while spraying zinc sulfate, ferrous sulfate, manganese sulfate in budding period, spraying fer-
rous sulfate in flowering period, and applying manganese sulfate as base fertilizer could increase iron content by 2.0 ~
9.0 mg-kg!.
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Table 1 Main agronomic traits of potato under different micronutrient fertilizer treatments
et H%T%_ ‘ E%*ﬂ LRVSAE 510 _ﬁ*ﬁifgi ?ﬂﬁ%ﬁ
Treatment Plant height Main stem diameter Tuber numberper Yield per plant Tuber weight
/em /em plant /kg /g
Al 75.4c¢ 1.43ab 6.86a 0.878a 127.99a
A2 75.6¢ 1.41b 6.15¢ 0.603c 98.05¢
A3 76.5bc 1.37b 6.88a 0.866a 125.87a
Bl 74.1d 1.48a 6.70a 0.827a 123.43ab
B2 74.2d 1.48a 6.32b 0.690b 109. 18bc
B3 75.2¢ 1.48a 6.18¢ 0.679b 109.87bc
Cl 75.8¢ 1.40b 6.76a 0.848a 125.44a
2 75.6¢ 1.41b 6.46b 0.709h 109.75be
c3 76.3be 1.40b 6.16¢ 0.660b 107 . 14be
D1 77.3ab 1.39b 6.21c 0.648b 104.35¢
D2 77.1ab 1.38b 6.48b 0.700b 108.02bc
D3 77.1ab 1.40b 6.49b 0.715b 110.17be
CK 78.2a 1.35¢ 6.02¢c 0.698b 115.95b

I RUHE /NS FRFR 5% 2ERRE K TR,

Note: The small letters mean significant difference at 5%, the same below.

2.2 AEEHEMIEAETISZEEHNTL
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Table 2 Variation of growth period of potato under different micronutrient fertilizer treatments

S SO XS Eh % S 1 A 7 31 W 4 R T, 8 it A

NEJ B % S AR AR I S

ISty T Iﬁﬂ,fﬂ;ﬁ JIF?E%H ﬁ%%ﬂﬁﬁjﬁ/ﬁﬁ Eﬁﬁ)’hﬁﬁ ‘ EH 4
Treatment Emergence Budding Flowering Tuber expanding Maturity Growth duration

M-d) (M-d) (M-d) (M-d) (M-d) /d
Al 05-31 06-24 07-11 08 - 06 10-13 135
A2 05-31 06-24 07-19 08 -22 10 - 06 128
A3 05-31 06-24 07-10 08 - 06 10-10 132
B1 05-31 06-24 07-17 08 - 09 10-12 134
B2 05-31 06-24 07-17 08 -20 10-07 129
B3 05-31 06 -24 07-17 08 -20 10-07 129
Cl 05-31 06 -24 07-17 08 - 16 10-11 133
2 05-31 06 -24 07-17 08 - 16 10-07 129
c3 05-31 06 -24 07-17 08 - 16 10 - 06 128
D1 05 -31 06 -22 07-19 08 - 20 10 - 08 130
D2 05-31 06-23 07-15 08 - 16 10-08 130
D3 05-31 06 -22 07-16 08 -12 10 - 09 131
CK 05-31 06-24 07-17 08 - 16 10-05 127

SEYIEL Average 130.38

FrifEZE SD 2.47

AL RKL CV/ % 1.89

2.3 AEEEMELENDREFEMNN
FE 3 A UL, A5 A B i B AL >
A3>Cl>B1>D3>C2>CK>D2>B2>B3>C3>Dl

> A2, PR AL FE AT1(44.03 t-hm™2) 57 & i
AL A2(30.24 t-hm~2)AH22 13.79 t-hm~2, b3
A1.A3.C1 F1 Bl % CK A Ath &b 3 25 S g 2, b3
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Table 3 Production differences under different spraying

FEH Yield S
i3 o : Jo. G
Treatment I i I ?\:vi?a{i Yield pTrFuEnit area S‘ffflg s
/(kg*19.95 m~?) /(t*hm~2)

Al 92.64 80.18 90.59 87.80 44.03 a
A3 83.27 99.04 77.38 86.56 43.41 a
cl 76.84 90.31 87.35 84.83 42.54 a
Bl 74.39 88.65 84.92 82.65 41.45 a
D3 70.95 71.18 72.27 71.47 35.84 b
(%] 70.50 65.44 76.83 70.92 35.57 b
CK 69.57 67.52 72.41 69.83 35.02 b
D2 69.92 70.67 68.73 69.77 34.99 b
B2 68.77 71.83 66.31 68.97 34.59 b
B3 66.25 66.36 70.95 67.85 34.02 b
c3 67.76 63.18 67.02 65.99 33.09 b
D1 69.55 61.36 63.42 64.78 32.49 b
A2 60.66 60.34 59.92 60.31 30.24 ¢

2.4 AEIGHEMIEXT DERZE Zn.Fe S 2R
MFE4 0] W AT AL BeZE Zn SRR E A 14.2
JALFR D3 HeZE Zn SEEMK, KN 9. 2 mg*
kg™, kb D2, B3, B2, C2 Fl D3 # CK(12.0 mg-
kg~ ZEF W E M FE A1.C1,A2,A3.C3.B1 #il D1 %
CK ZR AR M 40P A3 X Fe & 8,15 30.0

mg* kg

kg™ 1) (A2 Fi1 D3(23.0 mg kg™ '), 4L 3 B3 1 C3 $h2X
Fe & i fik, ¥ 17.0 mg- kg™ ', 4bF A3, A1.B2.B3
M C3 58 CK(21.0 mg-kg™") 2257 3%, A ¥ A2, D3,
C1.C2.D1.B1 Fil D2 # CK 2= 5N 1 2 ; 16 I 905 441
WG B R S 1] 2 i 2K Zn A B, IO S0 I i TR
BE BRI VA IR G , T A6 91 W8 it R IV A R

mg- kg™, U A1(28.0 mg-kg™') \B2(24.0 mg- BRI AT H2 B 2E Fe i,
x4 AEAEHERIBRE Infe SE2EER
Table 4  Contents of zinc and Fe in potato tubers under different micronutrient fertilizer treatments
45 S DN T Hlement
Treatment Treatments Zn/(mg-kg™") Fe/(mgke™")
Al A WIE Zn Zine sprayed in budding period 14.2a 28.0a
A2 AL WIE Fe Tron sprayed in budding period 12.3a 23.0bc
A3 P W% Mn Manganese sprayed in budding period 12.1a 30.0a
Bl FFAEWIIE Zn Zine sprayed in flowering period 12.0a 19.0cd
B2 FFAEWIBE Fe Tron sprayed in flowering period 11.0b 24.0b
B3 FFAEWIEE Mn Manganese sprayed in flowering period 11.2b 17.0d
c1 He 28RS Zn Zine sprayed in tuber expanding period 12.5a 22.0bc
2 HZE R KM Fe Tron sprayed in tuber expanding period 11.0b 20.0c
a3 HeZE i K WIBE Mn Manganese sprayed in tuber expanding period 12.1a 17.0d
D1 FJifi Zn Zinc fertilizer applied in soil 12.0a 20.0c
D2 FJifi Fe Iron fertilizer applied in soil 11.8b 19.0cd
D3 +Jii Mn Manganese fertilizer applied in soil 9.2¢ 23.0bc
CK AT No micronutrient fertilizer 12.0a 21.0c

TE :PZE Zn Fe & BELIT GG

Note: The contents of Zinc and Fe were based on dry weight.



156 T2 X AR AT

o535 &

3 e

WHO(HH DA 40) okt W], ek s 2 A
SRl B O TR B SR S AT+
Tit AR it 7 A 2k 4 v S SRR 7 5 i Zn Fe
Frat PRt — o AR S, A B Y
AT F B, 3 L it B I BE B 0N 22 kR B
202 A BRI A IR TG ks B e A
PREHERE B SR 280 B il 217 T 5 448 SR 3 I 7 AR
b IX A A T T 4 B R, TR T L X
B X i v e AR B S e P S Dk 5
ARSI v it TR i 0 7 A B T At - it
Ab I, A R i S AR R B 2K Fe B R, M
HoAth - hEALEE Zn Fe F AR . i it AR M £2
T L R Zn e i, AT BESE R R fHOIE
A+ 3E 5 % - HERY pH A i R IR R EA
TGO B KR A e A =X i s i 4 AT 2%
PERKBEA

FhA 10T g RO S8 BIE T S s i £k IES i
PRl A A MR R AL, 25 H0RL, AR R fdotE 1 N
P K MR, BG4 AR, i o A o B, B
HHPIHIRER  HHe 250, 2 4 v i XA
STV SE NI 0.2% BFR S7 RE 3 Th 40 B R
T 77, B v B S R N 7 s I RSB R g e
TFAEAWEIE 0. 05 % B R W42k RE (A PR B AL, 32 2504
HL, 32 = 5 e S5 BIR Y R S 0.05% ~
0.50% fifREG "R E A EAR R K H , JE M AR R IG
JIRIRIRE S5 55 5w A2 B g WA A 0.05% ~
0. 15% MR IR R R EA KA E, BER
PR AT 2 R A, 10 1S i Ak 3 B A R
PRIBAL, 22530 H, SR ES RO N, A= FIARE K bR
LB A2 B CK 7 I 2™, oAb BREE CK 3G 7
o 2E SR . AW I (AR Vit e
AN IS R AR R A AN [ T i B AE
AR R 25 5 (E R M it AT B R B 2
THEM S YR i

Guptal 8 (I RIF T 25 5 2 W, M- T8 8 At o e %
RAESE I PAFRL T R 105 i Yilmaz 25127747
T T R it 2 IEL A T /NS R A B s AR S
AIE I UL X 44 L Zn Fe 5 RS
7, X G PN g O I ST AR 4 B TS A A
B T REIC AL B ) Eh S B 2R Zn LR B 2
FXF B AR IR 45 5 R, 76 T4 S I I I it
FREE T 4R R L Zn O it DI BE AR R SR A
Xof HECAS S8 25 70 S5 0T M it T o L . TR K L B TR

BT RAR B ZE Fe & i ARIWEIEH AR 45
WA AR, T RE S B R ZE I 5E Zn Fe & i 32 HL
FER T TR 25 B L | S AR % i 2
L2000 37 B A S 0 R A A S T
TR 575 e A i 0

ARG M, it ol I X 18 T o 4% S e =k e i
I Zn Fe T AU AN A, I 7E 4% S5 B 75 109 e i v
JEE R 0.2% B B2 BF , 68 (5 AR bR 25707 (8] 45 48, A o B¢
G, F2 2R 00, AR R AEDH: bk G0 (5 ER 2 A B i, o R
A 11 S RN I T & A TLEE Rt
faE B Oa A A, P2 im0 A R AR RN 1, M
B4 NPK BRI, G5 7 R 3R 43 )
KRR AR IEHEE I K, T A A JE A
FERREFR B Z WA DL T, DT 5 2 48 o B 257
A Zn Fe A H Y

& % X #k:

(1] 20T, 4035, sRAR ST FFARL B B IR 5 A RR T 5 2k Jie
(1.7 AR BT R B4, 2006, 13(7) : 1-8.

2] McGuire J. Addressing micronutrient malnutrition[ J]. SCN News,
1993,9:1-10.

(3] Welch R M, Graham R D. A new paradigm for world agriculture:
meeting human needs productive, sustainable, nutritious [ J ]. Field
Crop Research,1999,60:1-10.

(4] #>d3c, W, B RE , 55 . Wit 45 A T /N 22 A5 R B A i 5
FRAEIA )] TR XA, 2010,28(6) :95-102.

[5] Haberland R. Do potatoes need trace element fertilizer? Brauchen
Kartoffeln eine Mikronahrst of dun gung? [J]. Kartoffelbau, 2000,
51:260-264.

(6] FNINIE AFIBEAL B BE BRI %) 52 T 4% 877 4 FUE 37 o
B HOTE AR 52 I [ D] 2290 H ARl R, 2014,

(7] AN, SR B AR B RR B BT Ab 3 X Th 4% 38 1) S )
()] B RAR#E4,2011,17(13) :56-60.

(8] U, TWW, B3R . SRS BOREEHOR [M] L st 8
AL, 2007.

(9] HoBA&, B M, ARmest 55 BB AR M I UM X Eh A AR R A
Kz [J]. 5 Ml 2010, (7) :44-45.

[10] AL&E, S UIE, X425t A RIS DR N RO
FE[]. D44 IR 1999, 13(2) : 141-144.

(1] S5, 2T1bk . h 4 B I i DR — SR - SR OB 5
(1] P Th44 52002, 16(3) : 143-144.

[12] mEl, sk 8, E 7% WL D B s HsCeR
(]l 55 A ,2014,34(7) : 89.

(13]  VFIEWME, EHEL, BNEE, % BT RO AE S8 _E N Tt Ba )
LI FFREARMANL , 2006, (3) :9-10.

[14] BB, BRALAL. JLAN T AL EE o 48 S AOR i % L5 (1]
o [ 44,2001, 15(2) : 106-108.

[15]  WEIGAR , FEPCAR, TE AR, 45 i J0 20 T A% 87 kA1 S5 )
S]], i AR, 1992,6(2) :99-101.

(T 4% 206 )



206

TR XAV BT

o535 &

diversity and relationship among a collection of US sweet sorghum

1984.

germplasm by SSR markers[J]. Molecular Breeding, 2007,21(4): (11) ff 0t TRRGAS 1 5 38 Xof Yo G 2 JBG 0 % S O I s B 7 i
497-500. il BRI 3 R ARG R [1] . AR ok 24, 2011, 19

(4] SktEME, BB, PR E . S REY—RTm R L] . s E AR B (2):300-304.

S4,2006,8(1) : 14-17. [12] Salvatore L C, Mariadaniela M, Giorgio T. Water and nitrogen bal-

[5] Amaducci S, Monti A, Venturi G. Non-structural carbohydrates and ance of sweet sorghum (Sorghum bicolormoench (L.) cv. Keller un-
fibre components in sweet and fibre sorghum as affected by low and der semi-arid conditions[ J]. Industrial Crops and Products, 2012,36
normal input techniques[ J]. Industrial Crops and Products, 2004,20 (1):329-342.

(1):111-118. [13] Li Fengmin, Wang Ping, Wang Jun, et al. Effects of irrigation before

[6] Dolciotti I, Mambelli S, Grandi S, et al. Comparison of two sor-ghum sowing and plastic film mulching on yield and water uptake of spring
genotypes for sugar and fiber production[J]. Industrial Crops and wheat in semiarid Loess Plateau of China[]J]. Agricultural Water
Products, 1998,7(2 - 3):265-272. Management, 2004,67(2) :77-88.

[7] Marcello M, Nader K, Gianfranco R. Productivity and water use eff- [14] Li Fengmin, Guo Anhong, Wei Hong. Effects of clear plastic film
ciency of sweet sorghum as affected by soil water deficit occurring at mulch on yield of spring wheat[J]. Field Crops Research, 1999,63
different vegetative growth stages[J]. Furopean Journal of Agronomy, (1):79-86.

1999,11(3) :207-215. [15] Li Fengmin, Wang Jun, Xu Jinzhang, et al. Productivity and soil re-

(8] T HME,Wate, thfaz, % . 3K/ /N AL BRI sponse to plastic film mulching durations for spring wheat on entisols
HYREM [J] . S PHA 2 Be 24k ,2002,19(1) : 7-9. in the semiarid Loess Plateau of China[J]. Soil and Tillage Re-

[9] ™33, ZEMZR MBS, 25 . 1 T S Wt % R [P R A6 A4 search, 2004,78(1):9-20.

ol RURR M 77 i R O 2 e (). VR 2 4, 2007, 33 (1) [16] Li Yongshan, Wu Lianghuan, Zhao Limei, et al. Influence of contin-

113-119. uous plastic film mulching on yield, water use efficiency and soil

[10]  FEM:JE N - R BE, WRgede it 2. AS ) 3% Ah 0T s e A properties of rice fields under non-flooding condition[ J]. Soil and

B SRR [T] . RS R, 2012,49(11) £ 1978- Tillage Research, 2007,93(2) :370-378.

(E#% 156 )

[16] TR, Kdkom, EY¥, % Mmoo SEYA KRR S [(24] skokA, W F . S IR BF T i (M. ] db st dh E RO

X TS S A BRARAR B (s e [ 1] SR VL0l B, 2005, PR di it , 2007 : 116-118 .

(2):19-21. [25] Welch R M, Combs Jr G F, Duxbury J] M. Toward a‘Greener’ revo-

(17]  BEE, F/NGLBR 16,5 b i o R R X SR 8 lution[ J7. Issuse in Science and Technology, 1997, 14:50-58.

st SR S E ST s (] i e , 2010, 25(2) :35-40. [26] Cakmak I. Plant nutrition research: Priorities to weet human needs

(18] FE&HEM, FHME, EHIE, S RIAMIEX D EA KK T W% for food in sustainable ways[J]. Plant and Soil,2002,247:3-14.

M B it FH 75 2 L] . rf ) Eh 4% 78,2003, 17(4) : 236-238. [27] Yilmaz A, Fkiz H, Torun B, et al. Different zinc application meth-

[19] HFMEE, 3K P RO TC B 0T T 4% 5 H R 0 1) 5 1) ods on grain yield, and zinc concentrations in wheat grown on zinc-

L] A4l #2013, (7) : 12-13. deficient calcareous soils in Central Anatolia[ J]. Journal of Nutri-

[20] B S5tHH, SKIRM, R 35, 56 GRIREFE RIS EDE8 S 5 R I tion, 1997,20:461-471 .

HIRZ RIS T] . v [ 442, 2010,24(1) : 18-21. [28] Gupla U C. Iron status of crops in Prince Edward island and effect of
(20] SOsmmd, B 5,880 W, 55 . BR ARG R A S S R T soil pH on piant iron concentration[J]. Canadian Journal of soil sci-
B L] R Ak 24,2009, (11) :35-37. ence,1991,71:197-202.

[22] Z& A Mednm  RESF AR, 4 BPVRRAE 0 A it P X Sh 48 S R [(29] ) . SRR TEARIR] SRR R R A BB 3 T it FE
Al BT ()] o S R, 2006, (4) :46-50. RLLD]. RIS - A5t Al R, 2011

(23] MBUE AR RE XS A T4 37 i T 1M B 28 W ISR R 2R (30] Figal. DR IP Y T 9 R 35 50 B2 5 43 B A F 52

BRI [ D], 2290 H Al K2, 2013.

[D]. 2290 Hr el K24, 2012.



