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1 #R57%

1.1 RIEHH

R NI i T I Tl N 1 (B 3 L 4
36°12'55.36", R4 117°01'09.87", 4k 168 m) AT
WA A 9 SEAE R 2 5/SH38/ )\ BSilF5E ( “R425 N
E LR AR, BRATEE 0.75 mx4.0 m, R iR
o ATIAR, MBS KR, EHKT
S b 5 A ML & 2L 0.79%, 1 AU
86.11 mg/kg, M 73.71 mg/kg, A 116.32 mg/kg.
1.2 RIEAHE

36 YK B A — B B SR R 30 Bk, I Z AT
B2 ANAbHER, SAREE 1S BRBE, SRR 1AMV, 3R
B, WMEAXRZERE 2 HREIERR R, BN
BEMLIE 3 Nk, Guit e FERfea 5, Hbrid.

2018 4F 4 H 21 HFAT 1 2R B RS0 P 0 0k 1
%, W& 100, 200, 300, 400, 500 mg/kg 5 MK EALHE,
TEIK R IE . e FH T A7 2 Bl 55 25 298 X0 A iR AT BEAT
5% 48 4 W R R K k. AE RS R S R A A H R
TR ARG, GiHIe 7R R R, 7
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BR (%) =L BB B FE X 100%, TEILh BER
(%) =Ak A/ B AE = E0 X 100%

2019 4 4 H 19 HYESR KL REAE 6 mm /o A7 By 1
300 mg/kg KM HEE, 4 H 22 HWEE R XFHmEE K.
W5 it 77 ¥ 7] 2018 45, AE B L J5 1 7 A SR AR AR S LA,
BLRR (%) =R AU S TE T H X 100%, RURER
(%) =t T E S AE T HX 100%, =R &L E (%)
=100— CHIRZFXRE)

1.3 BE#ENZE

Sy AES — IR 25 AR IS 7. 9. 11, 17 J 29 d Ak
R HRRIGA EHCGASR, §T 3 READX (5 HRRD S
KR 90N, JG 2 IREEAN/DNX (5 R R 60 A
KA, B3 ANEE, KBREWEER G, HEHEE
B, TBON TR ZEHRE A 7R , o [ SR 6 25 i 22 80 "CUKFE IR AT,
Tl BB . mokiay. BEERAEE.

1.3.1 mKeitnz

A e F R 2R, AR e AR B PR
JEREVE, AHRIE MGV, BRI E PR S %
B, AR EE 3 k.

1.3.2 BAKEHA BN L

PR RIS % Kang 70k, WA BE.
SRR AL K PREL, FRENZ 0.2 g MESL, DA 1 mL
K, B, WRIRIE. FEREH CHEPREL, FRELZ) 0.2 g Bf
fis AN 1 mL 80% S, 23, 50 ‘C/K¥ 30 min, 8 000 g
B0 10 min, B EIEW, FkAUdiERE R E . A
Waters 1525 = R0 AH B BEAGI 32, 7~ ZR I %% Shodex
RI-201H. #&HE. b 1LZLELH Carbomix Ca-NP 8%
tBiEH (300 mmX7.8 mm, 10 zm) , F:iE 80°C, ¥ish
MK, JiE 0.4 mL/min, FERFEARFT 10 uL; FEHEH Sepax
HP-Amino Z &4 (4.6 mm X 250 mm, 5 um), F:i% 40 °C,
MM NS @ 7K=80 : 20, Vil 0.4 mL/min, #EFEARF
10 uLo MRIGHATFE . FHE. (LBLEE. RERARAE i 22 ARE
e T AT &

Y B2 E T A 1 R A P v SR 7K A s e 25
B LG ey A A, ME KN 620 nm,  HIH
HMERRUE 2R T B S .

1.3.3 TTEMEGRASEMNE

A A AR A R SR T i e ek
1.3.4 #ELEMNE

WERWITES % Yan Z, FREZ 0.2 g #E8,
JIN 1 mL A 20% 5 B, 4 CIRZIER; 8000 g &0
10 min, BCEFER, FRAH 0.5 mL 20% HEEKERR 7
2h, BOEECETER, A2 kBT, 40 CRIEZAELE
ANEEHA, A 2 mL £k 60~90 CAHUI 1 3 WX,
L mmEs W R EKMEF AN 2 mL 48 CFEAEL, B
B LEENAHERN EP &, ERFEW 3K, AIF3KE
BUAH, BT, NN 0.2 mL REIAHEM, 1R, £k
AL e 8 JE AR . K RIGOL L3000 1= R A i
X, Kromasil C18 [ AH &1+ (250 mm X 4.6 mm, 5 um) ,
WKoN 254 nm, #E3E 30 'C, VBAHFRE 0.8 mL/min, #E

FEAARL 10 wL, EFERTA] 35 mine
1.4 BEHH

JI A B s R ) SPSS B k47 22 57 B ML ELAL, B
F GraphPad Prism 5 #/F4: .

2 HZRES

2.1 FBEEIRERKEFE

AN 7R 5 24 i A A BEE T A4 SR SR P 5 SR B 1
Frn. ATUUEH, SiE/KEAHEL, 100~500 mg/kg 1]
TR T A FER A T A AR R S A S R, Hott
15 200~500 mg/kg AbH ] (48 7 AL R AETE I M 2
R (P<<0.05) , X} {85 i 24 g B ] Ak 25 %) 7 SR A4 SR
RFERFMZER (P<0.05) . 200~400 mgkg 3 4
W 2 2 SRR 2, L 300 mg/kg HITE AR LR AL
A R AR, 43 0N 72.39%F1 23.52%, #ik 300 mg/kg
VR Ji SRARE 1 W T A
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A YL 2K Fruit setting rate/%

C

1€+ Inflorescence {1t ZFlower

1 ARVNE FRERR AR AL 0.05 /K2R R .
Note: Different small letter indicates significant difference at 0.05 level between
different concentrations.

B 1 RRRE SRR LI R E G0
Fig.1 Effect of metamitron with different concentrations on
fruit setting rate
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M P 2a AT 0L, SFHEAR L, 4 SR 00 2 e e b B
ERRAL T AR (P<0.01) , H e 5 B R EAL
17.95%, et R IEAK 27.63%. (A, ZRIR B Ab #E
BENEE TP AL RG] (P<0.01) , AbBRRIEERCA
44.80%, FXTHERT 5.28 £5, HAREE MR A OR,
Tt B R e B OO0 A SRR AR, xR SR e sg s Ab R
BERE TR =R LU R (P<0.01) , 4
RTRIE) 47.91%; ABXUSHR EL@I 4 Frin, (HARIES]E
EKF (B 2b) o BEBHORBRELER 7R & 3 A R
BRAER, BibRJioE, AR, 2MmN.
2.3 FEEEN LI EFHZNE

M 1 ATLUEH, ZREEEAIS, a4
RE B TR, EBHE7Mod —#HERARE,
AT RS A ER IS AR A O Wi 11 d 2 )5, AERM A
SEHEESTHE (P<0.05) . FEBERE LB 40
AR E R R, JUTITA AR R AR A
BYEZETAE (P<0.05) , Wi 11. 29d AFA4
T oy BT IR 2.05 F101.67 fi5, 28 & & IR 1.93
LS Ao 0 BH 2R 5 e 1 SR FH AN 2 B T 2B 8 G
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a. ARIRE

a. Fruit setting rate

100

A3 L A5l Fruit setting ratio/%

W KR LR T

Single fruit Double fruits Three fruits and more

b. AR L]

b. Fruit setting ratio

W ORI SRR E 0.01 KT ERMERSE, TR,
Note: ** indicates significant difference at 0.01 level between treatment and
control, the same below.

B2 RAZEE A R R A E A5 69 Bk

Fig.2 Effect of metamitron treatment on fruit setting rate and ratio

F1 FEREERLENABAEZRTIENZN

Table 1 Effect of metamitron treatment on nitrogen, phosphorus

and potassium nutrient elements %
) A 49 A4

treatment/d Treatment Total N Total P Total K

7 X e 0.434+0.005a 0.035+0.003 b 0.308+0.003 b

AbBE 0.428+0.038 a 0.060+0.001 a 0.397+0.047 a

9 X e 0.387+0.039 a 0.040+0.005b 0.293+0.021 b

AbBE 0.413+0.044 a 0.072+0.005 a 0.369+0.027 a

11 X e 0.197+0.004b 0.041£0.002 b 0.248+0.006 b

AbBE 0.4714£0.024 a 0.084+0.034 a 0.478+0.047 a

17 X R 0.154+0.001 b 0.054+0.002 a 0.231+0.003 b

QbR 0.340+0.032 a 0.045+0.001 a 0.352+0.010 a

29 papiist 0.177+£0.004 b 0.030+0.001 b 0.243+0.006 b

posii] 0.3884+0.013 a 0.050+0.002 a 0.367+0.021 a
T AFNE T RN AR I 5] 0.05 KF 22 Rk 3
Note: Different small letter indicates significant difference at 0.05 level between
treatment and control.

2.4 FEELEMEHEFHZME

EREYE TR FE BRI G, SRR
HERE. GURE. RERE. LAY, B 3a WA, R
ENRYR A B RmIRK, (HORE R e
ZIEE T X, HIEA 5.57%~37.20%:; 3b~ 3e
R R KA A A . SRR TR AL AL
ATLAVE W, BRSSP KL S B
TORBR R AL . A T A Ll 5 Ak B 5 ok B T A PR AR K
WEWEE, MR B ERELALAENS SR
HAT 7o, a3 Firas, ] LR e e Ak B ) T
TRIKAL S 8L T 3R (P<<0.05) , IR A 9.55%~
52.57%. T AlE KGRI R K E N EEEFRY
Jo i BH 2 e i SR T R T AT T R K AL S
HERAS 3 I o

50F E3 % Control €@ Ab# Treatment 20
. 20r P *%
W40 5 P
o 21s 15
£ 30 3 1
-_— Q 172
g 20 £10
S 20 @ =
El .
#10 g ®
0 5 =3 0 L=, 0 g i Lo e
7 11 17 29 7 9 17 7 11 17
K H 5 R B Days after treatment/d QLB 5 R B Days after treatment/d A EE 5 K B Days after treatment/d
a. JERY b. F B . HH
250 - a. Starch b. Glucose s ¢. Fructose
_ 157 T S0p
7 ~ 50
£200 M & SE 4o
s £ 10 i?
3 £ 5
§ 150 ?9 %"E 30
2 100 2 2250
@ A 5 =5
% (53
# 50 e =2 10
B =% =3
0 =) E ! = 0 ] S 0 1 B
7 9 11 17 29 7 9 11 17 29 “ 7 9 11 17 29
Kb 35 K Days after treatment/d A5 K HDays after treatment/d Kb B 5 R Days after treatment/d
d. R e. LLIZLE £ VAT K LS
d. Sucrose e. Sorbitol f. Soluble carbohydrate

A RORA S X 0.05 KFERMEEE, FHE.

Note: * indicates significant difference at 0.05 level between treatment and control, the same below.

B3 RRFERLENREBAMNESYEEHHH
Fig.3 Effect of metamitron treatment on fruit carbohydrate content
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2.5 FEERLEMAIAMEARSENEMN

WP 4 FR,  ZREEEEANEE 5 3E R R AR AR
HIHRE, EREEEKT (P<0.05) o &/ HAAEE
IR ER R AT RR ) 71.42%. 72.37% 69.68%-
64.20%H11 86.02%, it B 2R Bl b {5 S SR 4y SR 1) e AR AR
WHEE ks, i R h LR .

150 £33 *1 i Control
$k
B3 4 P Treatment
L':b % *
, &
l\% £ 100}
5
Ho
e e
S22 50t
=2
Q
n
0

9 1l 17 29
AL BE )5 R E Days after treatment/d

B4 FAFERAENTEEEEOREZNHHH
Fig.4 Effect of metamitron treatment on fruit soluble protein
content
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2.6 FREEREDLIEX M E A

SRV 2 A PR R R R 7 b FE R
(TR A, MM ERKHEEZ S TAEP<0.05);
AR AL BE 5 3, S BRA B oK R S = U B B AR T AL B
(Kl 5a) o ZRIERIE I R Z WA Em (K S5b) .
IR N B Ab B R S5 AR T T 4R AR K F KT (P<<0.05)
Bl 5c ol W, BT A IAA S EYHE S TR, #=
2 NEZE KT (P<0.05) . BERELEBIEK
T PR, IR0 T A B S VR R A R T
HHFH ABA SREWEZE S TR (P<0.05) , 4HN
XTHRE) 1.37~3.11 £%, U300 R e B 52 = 1 4 S i
WIS, MR T4 R (B 54 o FIR, Xt
(Z+GAs+IAA) /ABA WILLME (R ) #4717 0¥, W
Kl 5e ffo~, BRWEREE I (7d) 4, SHIER R M BET
AhFR, HAr oo 178129 d 3 A F N ERIAREE
KF (P<0.05) , FERH KN 51.55%, SLHMK R{ES
241 SR JBE 9 FH O

&3 fb# Treatment
1.5

N W

RAE R value

o7 29 %7 o 11 17 29

Tl 17 29 17
A3 I R KL A3 I R AL A3 I R AL LSNP 4 LSNP 4
Days after treatment/d Days after treatment/d Days after treatment/d Days after treatment/d Days after treatment/d
a BRKE b. REE c. IAA d. ABA e. (Z+GATAAYABA
a. Zeatin (Z) b. GA, ;
B 5 XRAERLEMNHESTHYhH
Fig.5 Effect of metamitron treatment on fruit hormone content
3 i i BTG R IR S TV R, AN Bk R & 5875

IR IGR B A Sy — P S R A AR R, A
2 AN F A 2S5 A TN AN [ S Rl AT T it BT 44
S I JEE o %o 7 it ol U 42 25 2 7212224, Steven 2512
WEFCINA, %0 B 3 W e R 5 A 300 mg/kg, 32 B
WERT NS AE NG 23 F1 38 d, SxFHEAHLL, TE25Ak SR E
KT 50.63%, bk EFEIC T 37.10%, FIRERS
8.54%, 43 Mt AR B RN SR R OB FTEL,  AE TR
PSII R B L I BE TR PSR AR T8 K
PSSR (A S O N e Sl i AR SN RIS S
4% 6.0~13.5 mm, WKE N 1.65 kg/hm®, Wi 2 JRisi F
VAR T 0 TRV L BRI P NN R S D oy & LA L]
TR A SR 2O i B N 4h SR ELAR 5~10 mm,
WEEN 350 mg/kg, VERF 35.6%~509%, HEERE
R PR SRRERAN E R E, AR G, 4R ER
6 mm /- AMEE 300 mg/kg ARMREEE 2 IR, {each AR
24.20%, LUXTRRFEMG 27.63%, 5250 BRI 5.
SRIM, WA EFH NGRS H MR ERRR, 1ME
PO ST,

A EEINA, W RIRD TR G AR 2T
HRBIEMEERNE 2 PN, i EPIR R, W
BREEAE BRI 75 3, B4R M Ny Py K. By Zn 5 Fif”

FIRFEBRARE 5 WA aG 2 MR BH , A 2 1) R0 4
TERZE TR, i, BRI R NE
BEERIE, S EAL P R4 . Miim
FIEERBRRE, X5RFEEEPIT RS R —5.
RERSEPI RN, MG RBE SN & 2R EA
Ky ARG LG R MR IR, R B e kbR 5 41 SR v B &
BRA G, FRARR R TSmO G & &, g
PEIRARK LAY & B YR B IEH B

RZ AR, DR RN SRS B
RUBIE K. DEROHERMEAER AN ABA &S
BURHK) GA; & &PY; R WS R4 S5 ABA S BT
F GA; fil TAA & ERRCHE XY SERGEMKS 2T,
IAA. GA FII8/D J ABA FIB A <00, ARG, Kk
HEI S ABA SERESE, SRR
FANRSE IS AAEAE B R R, R EE
PP EEH RIS R, IEAHT TE6t (Z+GAS+IAA)/ABA
AT T b, o REREARE (Z+GA+IAA) /ABA
FOAR ARG, i BH 2RI B i SRAE FH SR (Z+GASHIAA)D
K RBWE/ABA LLHA K.

4 2 it

D IR ERE 6 mm BBl 2 X 300 mg/kg K
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R, BABGRARIER, 187 A RE ML
A B A 6 HE PR AR 17.95% 811 27.63%, 22 ik il i 3
KA (P<0.01) ; AEFRA IR 44.80%, XA 5.28
W, ZERIENEEKT (P<0.01) .

2) RIEFEFAAE G, EmEEAAERA, BKiEN
5.57%~37.20%; RIEHRKIEP) AR CREE . BhE.
RERE. ILALEE) BEFK (P<0.05) , FRIER KN
52.57%; WHEMHEARSELEERK (P<0.01) , [FiF
B RIIN 35.80%.

3) WRNMES R SR, FRERE AP 5 Bk R & &
BEFE (P<0.05) , AFAXRK 1.37~3.11 5 4
KA 5 ) B R HE A [(Z+GAS+HIAA)Y ABATFAMR, 41
BRI 51.55%.
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Effects of fruit thinning agent “metamitron” on nutrition and hormone
content of apple lateral fruits

Xue Xiaomin, Han Xueping, Nie Peixian, Dong Fang, Wang Jinzheng
(Shandong Pomology Institute, Tai’an 271000, China)

Abstract: The work aimed to clarify the effects of metamitron as the fruit thinning agent on the apple fruit setting rate as well
as the mineral nutrition, carbohydrates, and hormones of lateral fruitlets, thus providing a reference for applying chemical
thinning technology of apples. Thirty 9-year-old apple trees (Tianhong 2/SH38/Malus micromalus) were used as test materials,
and 300 mg/kg metamitron solution was sprayed 2 times when the diameter of the biggest lateral fruits were around 6 mm.
Spraying water was used as the control. The setting rate of inflorescence and flower were investigated after physiological fruit
drop. The mineral nutrition, carbohydrate, soluble protein, and hormone content of lateral fruits were measured after spraying 7,
9, 11, 17, and 29 d. The total nitrogen, phosphorus, and potassium were determined by semi-micro distillation, Mo-Sb-Vc
colorimetry, and flame photometer, respectively. Glucose, fructose, sorbitol, sucrose, and hormone contents were determined
by HPLC, while the soluble protein content was determined by Coomassie brilliant blue staining. The results showed that the
fruit setting rate of inflorescence and flowers decreased by 17.95 and 27.63% compared with the control, respectively. The
proportion of inflorescence with single fruit increased by 5.28 times in the treatment, while that of sitting three fruits and more
decreased significantly, which was 47.91% of the control. The results of fruit setting rate and fruit setting ratio showed that
metamitron could significantly reduce the fruit setting rate, and the single fruit rate was high, with the setting fruits distributed
evenly. The total nitrogen content was higher than that of the control at all stages, and the difference between the control and
the treatment was significant except 7 and 9 d. The total phosphorus and potassium contents of almost all treatments were
significantly higher than those of the control. The total phosphorus contents of 11 and 29 d after spraying was 2.05 and 1.67
times of the control, and the total potassium content was 1.93 and 1.51 times of the control, respectively. The results of mineral
nutrition showed that the fruit thinning effect of metamitron was not caused by the deficiency of inorganic nutrients. The
content of the soluble protein decreased significantly compared with the control, and the content of each treatment period was
71.42%, 72.37%, 69.68%, 64.20%, and 86.02% of the control, respectively. The starch content of metamitron treatment was
significantly higher than that of the control, with an increase of 5.57%-37.20%, yet the content of sucrose, glucose, fructose,
and sorbitol decreased with different degrees. Therefore, the soluble carbohydrate content decreased significantly to
9.55%-52.57%. Soluble carbohydrates are the direct nutrients for the development of young fruits, so fruit thinning of
metamitron may be caused by insufficient supply of soluble carbohydrates. The abscisic acid content generally increased after
the treatment, and the ABA content in each period was 1.37-3.11 times that of the control. The ratio of (Z+GA;+IAA)/ABA
decreased significantly, which could cause falling off of young fruits. As a result, metamitron has a good fruit thinning effect
on apples, related to the decreased soluble protein content, an insufficient supply of soluble carbohydrate, increased ABA
content, and decreased (Z+GA;+[AA)/ABA ratio.

Keywords: hormone; nutrition; metamitron; fruit setting; apple



