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I E SR s, e

LR 830091 )

W OE: IREBOEERMET, MEEEXIARAL R SRR R A R, AR G FE R LR
ARG T 2017 ~ 2019 4R B g b FUAR BT, B85 MERE K, THRfEnE SRR VREE S, e A8
PR AW SRR A MBERE R 0 ~ 130 kg - hm I, AR AR MR R B A
PN RGN, ARAEXT L. B AT RN, YR KT 130 ke - hm T BSOS B3 ARAERE R
AR AR5 3 AN T R 3 2 9 ) K S SR S U e B, BRI R R AR ) R A, M 130
kg - hm™ B, BERARZEPCR M TTIR AR = o R 50 HTA L A 55 e 7= Sk 14 e 98 o R (28 B il 4 31
M 141.21 F1130.19 kg « hm™, XFRLH = B350 6562.19 1 6558.22 kg - hm™, SR FHZ Tt B T SCERAEAR AE AL

FERER T (R o a0 99.94% ) AR 7.81%, 224

FEAR X HEA R DE MR R 130.19 kg + hm ™,
KEEIR . ML, MRk U h FROWG BERFIH]

BN AL ST 2 87.3%, ARAEAE X
4 2 TF AL S R A A R ZN R - AR
ey, BeERAETR R T AU EHE
YERT. AR AT, fedd il . faFe
THA L 2857 AR _L 3R R IR A, xR
PV AT RS R R A R S

BRI AR A B LHEHRBEITEZ— 7,
YA ZHEAGY Ay, BHUZME
B2 S AN RS RO AR, B A
R R R M B R N R R Y
HLOERAEY AT MR T LR E A
L AWIERY, BHCREN R AR, A
BT 2T i 5T 0, R AR A5 2 A AL

i EHE: 2021-10-23; FARBHE: 2021-12-20

EEWE: EZERELH AT (2017YFD0201900, 2016YFD0200
102) 5 Aok AT FEFE R PP A A 25 5 RE T A 5230 28 R
B (25107020-202104) 5 AR AA K (RILBEA ) LIisE
4 (2021),

EERIr: k% (1989-), MR, Wit, BTk
BER S FACHEAEF A . E-mail: 452991710@qq.com.,

BIEH: KR, E-mail: yanzhangxj@163.com; $ M, E-mail: 46
1610823@qq.com.,

FEMAER TR SUTkaR . SR RICRIBER A, T

(AN UL SR T A T/ s W (5
Ot 7K Y P ) s 3o A4 4 o e P A B AR AR AR
K, XA, B BRI, ARtk
HKOEXRIHRAEAR . 25, I Bk T o 1) 3R g
WA R O, SR O LR £ A
KM ARG AL, N:P,Os7E 1: (0.5 ~ 1.0)
BT R N e R SR A ALl (INV ) P93 PE, WS
Ak 2 B R W B AL B R AR SRR
s VRS B, R T LS IR A8 T B 4 A
HER, S HUEHERT W B MAR AL i, Bl b AR Y
PEFROR | FEMR R AR A s T, )
WA e )t o

A T REAE 1979 460 8.3 kg « hm™ 14
J ] 2012 4F 19 95.5 kg - hm™, 3 L 7.7% 1Y 3% 44
FGRAE FFE, MIBENC R AE 77 1 DL 1.8% 13 ek %
BAEREAR s B SR R AR B h
HEAR B A R AE A Y 3 L0 Rt BEAEE
FHJ7 AR AL B R ) FH J% - el -l 25
Wi L R R R L A AR R IR R,
R [RIAR DX A AR A0S B 22 St T
PREREACIE T, AIRG AR AL i, AR SR R XA
B, BRI Y AP AL. BREAD R S
T AR S B AR ANACE, AL #H
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BN A 5 LS e A M) T R R R A R
foddE s R, PR BT, AT
Jii X e Sl AR R L IR R R A
S, ARAFRAETR IR KL, B ER TR BN
ALV ZE, Jyr g e R A AL S {1
e

1 #RETE

11 RGN

W5 F 2017 ~ 2019 4F 78 Hr 5 Pl 5O 4 B 4k
M F AR I T S K 56 B #E AT (40° 387 58.46” N,
80° 23’ 29.78” E ), hila KEGETR BEAME, £
i /DR, AESF34 H IR B %2570 ~ 2780 h, 4F
SR 104 ~ 11.0°C, A 4E =10 C R Ik

4024 ~ 4248°C, AF[FKE N 457 mm, EFHEK R
1887 mm, JCFEI 205 ~ 211 d, 3 Hb i 1,
HEWE DT AXONTREHE , ATEEVEY ARAE

I PR AL S A BT RG  65 5, SR
THHERNAR, 1 6 47, PR B 00 1A Y b iy
FERI, 2017 4FE 4 A 5 HIEF, BREE 11 em, #%
I N %6 . 2247 BEBC B8 50 em+20 em, P8 Rk %k
187000 #% + hm™; 2018 4E3 27 H #% F, #k i
10.5 em, FEMEA B, EATHERL &4 66 cm+10 cm,
FHISERHC 180900 £k « hm™; 2019 4F 4 H 1 H#&Fh,
PREE 10.5 em, #BIEAYE. FEATIERCE N 66 cm+10
em, HIEHR%C 180900 #% « hm ™, LAkl JRE
(N46% ). =R (P,0,46%) . B H (K0
30% )o PR T IEEARALHR L 1,

® 1 AUt HIEERRAMEK

AL ey g ol T fiff 4 LU AL
! (g-ke") (g kg") (g-kg") (g-kgh) (mg - kg") (mg - kg") (mg - kg™")
8.65 17.04 0.31 0.83 8.46 41 43.2 149

1.2 it

R 5 a3, EE 3K, MR
33 m’, it e AR A A — A AR AR 2 A TR A
R, RO A T R LA i . 2017
4E PO, P1, P2, P3. P4 AbHiERE 5 0, 65,
130, 195, 260 kg + hm™>, 2018 4 PO, P1., P2,
P3. P4 ib B i 8% & 53 5% S 0. 57.5. 115, 1725,
230 kg + hm™, 2019 4£ PO, P1. P2, P3. P4 kb3f
Jiti B B 430 0, 40, 80, 120, 160 kg « hm™, 4%
AFR RSN N 220 ke + hm™, [ 2018 4EiZK
B, WMREEOED, 30% RIEAMA 15, B
RN 154 kg - hm™, 8 (K,0) AES A& 2017 4F
760 kg + hm™, 2018 44 110 kg + hm™, 2019 4F
4190 kg + hm™, B AL FNAR AR A AR — R Pt A
RNEAE R 38 NETE AR AL 75 1) 2 B S BE K i,
W, 20174 LI5S A 13 H 10%. 6 A 14 H 20%. 6 A
30 H25%. 7H 29 H25%. 8 H15H 10% % 8 A
24 H 10% W EL BB it ; 2018 45k 6 H 23 H 14%,
7H8H29%., 7H 23 H43% K% 8 H 17 H 14%
B L 3B it ; 2019 4FE L6 H 18 H 25%. 7 H 9 H
30%. 7H23 H25%,. 8 H4 H 10% &8 H20H
10% 1 LB it
1.3 e H 507k

TR S TR T, 2 AURE T

0 ~ 20 cm B2 14, W@ HIEEARE R, +
HWpH, AULE. &%, . &8, WM. A
RO RN 43 0 R pH TR L RN . 2k
B LG E A . HCL0,-H,80,— £3 86 bt e 3
NaOH #& Rl JOAICRE Y . B Bk . et
RBRIREE — JHEICREIE

FARRAE D (ERRAEnE 228, A/ X BEHLE
BRI 3 MR, T 105CREE, 70°CHE
T, WEAEY

MRS A Ak 2R R RAE T 0 2K +
M+ 56, MREFYE. RFF, Rl . ML FRE
W EIAE . RIAREE ] H,80,~H,0, 1H&E . 2% R
mIRHAE . SRR E . 28Rk
SRR T A o

MRAE = 5 MR AL B 7R 45 /N X P4 6.67 m’
IRRAEIREL . BB AR B, IFE AN E
RT3 USRI L, . FER 30, 40, 30 g5t A it
LY, ME AR TR, TR,
1.4 BdRAb I S 53 Hr
141 WERFIHE

HEEARFHR (kg kg') = (Y-Y0) /F "

BEEAE ) (kg * k') =Y/F

BEEFHR (%) = (P-PO) /Fx 100>

B TTRR (%) = (Y-Y0) /Y x 100"
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b, Y HYO 430 Ay it A Ak RN A it g Ak
AT HYRFAR F=H, PRI PO 435 Sy it Ak BRI AS i
WAL HEHD R SR B R, F oA
142 FEAAWE 2

FROT WM = AR T x FEARIR & 2

& 2% F) H Origin 2018, WPS 2019 il £, %
BER 7 225387 2013 (R SCRREREF ) 28450 40T
L R LSD ¥ (P<0.05 ),

2 HBRESH

2.1 JEBEXTHRAL = B S 2B AL AR AR

M 2 AT, A AL BEAR A6 P i 2 T AN
WAL FE, 77 E R 1.28% ~ 17.05%., 2017 4F,
P2 A R, e A PO P, P3 Rl P4 4b B
SEBAN, RN 17.05% . 9.58% . 15.57% H
14.05%. ALFRIEIAE AL P E . 2illcas 57 w2 A R
Y, P2 AL PHAR 25 Fe i, M 34197.05 96 + hm™,

4395 PO, P1, P3 il P4 Ab3 g SR, 08 EE 4
K 17.52% . 10.07%. 20.05% F1 19.60%. P3 ibFHAH
fEdh ER A e, A3l PO PL R P4 AbHR
F M 10.85% ., 5.49% F 4.15%, 5 P2 AbHE % F
AN, 2018 4F, P2 AbEEF=Hifs, 4054 PO Al
P14 B P 25 16 i 8.68% F14.55%, 5 P3 Hl P4 4b
PESADEE, P2 P4 ss e mr, M 31724.45
JC - hm™, % PO Fl P1 &b ¥R 4351 & & 140 8.07% F
4.35%, S5 P3FI P4 2= RON R, P2 AR
Yok, BP0 AL RN 24.33%, £ AL
FREAEY R 2ZE R AR E, 2019 4, P2 A B = 5 i
B PO AL H BN 14.11% , 45 it AR AL B A =
WA, 540 PR Al R 2 I R
o8, P2 Ah PRI 25 N 31560.96 TG - hm”, &
PO AbFH i 1A 15.129%, i ARALFHIA) 22 5 R B3
P3 4b BE A= ) e i, PO T P AR BRI 351G N
15.42% F17.93%, {H5 P2 1 P4 (bR A,

R2 FEEHENBETEREFUERII

P s s ) i%ﬁ_z Af'“ﬁ ) Hﬁ*ﬂrbiiﬂi F:{tfjfz:_lj Eflillﬂlﬁéﬂ
(kg * hm™) (kg * hm™) (JG « hm™) (JC « hm™) (7€ + hm™) (JG * hm™)
2017 PO 5965¢ 16319¢ 44734c¢ 1148 14486¢ 29100¢
P1 6371b 17148h 49376h 1498 15218b 31067h
P2 6982a 17983a 52363a 1849 16317a 34197a
P3 6041c 18090a 45308¢ 2199 14624c¢ 28485¢
P4 6121c 17370b 45910c 2549 14769¢ 28593¢
2018 PO 6046¢ 12938b 45343¢ 1356 14632¢ 29354c¢
P1 6284b 15912a 47130b 1666 15061b 30403be
P2 6570a 16086a 49277a 1976 15577a 31724a
P3 6509a 15937a 48817a 2286 15466a 31064ab
P4 6553a 15629a 49146a 2596 15545a 31005ah
2019 PO 5691hb 15215¢ 42682h 1273 13994h 27415b
P1 6220a 16271b 46647a 1489 14945a 30213a
P2 6494a 17306a 48704a 1704 15439a 31561a
P3 6485a 17561a 48636a 1920 15423a 31294a
P4 6384a 17150a 47876a 2135 15240a 30501a
T BIMFR 7570 - kg', N: 40870 - kg, P,0s: 53970 - kg, K,O: 417 JC + kg'; HASZ IR AT 2R RHUIS ;s RFR/NE FREFRRAL B

[a] 225 W3 (P<0.05), I,

2.2 HIAEMIBEAESLES
AR Bt 1 R AT AR 7 i P — oo kBl
TG I BENE 5N T -
y=-0.0326x"+9.2071x+5912.1 ( R’=0.4704"",

n=45, Py Rk, x R P05 i ).
H N ) 2080 1 7 SR A e e 7 e 2 O 141,21
kg - hm™, &7 N 6562.19 kg - hm™, 45/ 4
HARAEFIBEAL (P,05) Bra&, SKRIGHIIERRAELTT
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Jiti W & N 130.19 kg - hm™, 235 7= B Ol 6558.22
kg« hm™o 5 85 7= w0 A L, SR Bt
Wl A SR AR AE AN O™ WG DL T (e a1y
99.94% ) T ZIBENL 7.81%
2.3 N[ it ol e XA AR SR 53 W S 52
231 AS[R) it Bl e XS iR AR RO A1) 5

HH BT L AT, i R A v AR AR R IR,
Wil 5 it B A 3G 0, AR AR DR R R
WA 2017 4, P2 Kb BRAR AL i L A A
FEE PO, P1 A P4 Ab B 3 9 I 34.22% . 27.45%
F119.22%, {H 5 P34k B 2% 55 K B ¥, 2018 4F,
5 PoALHRAI L, PL. P2, P3 I P4 kb B WY & >
S N 27.79% . 32.43% . 40.15% F127.81%,
2019 4F, P3 AbFAR ALY b R e, ol 3
PO, P1. P2 F1 P4 4b P 5 25 34 il 34.69% . 22.90% .
6.56% Hl 4.45%,

350
a a
300 | ab ab% &b
- %bc b > LN
£ c 2Pl
A B % d B3 P2
& RN ¢ d NP3
= 200F H a0 p4
gg H
® H
#1000 H
= m
50 H
0 ]
2017 2018 2019
Gy

1 rEsEX R R R

2.3.2 NIl it Bk X A A E A IR AL ) 2 i)

P D 2RI, A A ML 0 W e i it
3N 2 S R R A, 2017 4, P3 AbFE B
e, HWRCH P2 ARFR, 43 5IEE PO AL HE G 3 4
i 25.48% F122.62%, {H - HWHiEERANLE,
2018 4, P2 Ah FWG B i A, 4 AL POL PL A
P4 b P 5 2 B0 41.59% . 15.93% 1 15.18%, #5
P3 Ab BEHE N 5.05%, 1H 225 K2, 2019 4F, P3
LRI B R, A0 4SS PO, P1., P2 il P4 AbFE i
FHEIN 40.76% . 21.64% . 10.84% F1 17.71%.

2.3.3 TRt Ak v XA AL BRI A A )

HIE 3 FTLIEH, ST, e
Qb B AL I i ) RN 2017 4F, P2 Ab B AR
T, B PO AL I i E AN 20.84% , i HE &b B ]

100 -

k]

80

a a
b bi
b PO
a [ZAaP1
i XAP2
L =3P3
60 P4
40 -
20 -
0

2017 2018 2019

—- o
~HO
—— e
~F—o

FEAERICR: (kg - hm™)

f=)
HJJJJHJJJJHJJJJHJJWHAAgO‘
—}—o

S

B2 hEREXRERRIEIRIT

ZR AW E, 2018 4F, Rl Mk = 3 m, ik
Hiy b AR B S a E, PL. P2, P3 A
P4 4hBE5 PO A0 HE 43 1) B 3E TN 20.10% . 16.55%
20.62% 1 30.12%, {H Jifi 8 &b B 8] 25 5 A 1 2,
2019 47, 6 Hh I 35 I A i o o e R o 1) i
EIG RS, P4 KPR RO, 413 PO, Pl
A1 P2 &b 52 19N 38.08% . 23.20% F1 21.12%,
P3 b PR IR 2, 4 oilAE PO P1 AT P2 Ab 3 G
N 37.33% . 22.53% F120.46%, {H P3 Hl P4 b
PR AR E.

3501

A

3001

L a [
W gele

200+

PO
rZIP1
EX1P2
NP3
EP4

150

1001

500

HAEHZICE: (kg - hm™)
—o
ANl
B IR KRR 0
,/I
—— o
0
[~
INEEESESESEIESEENSEEEEEEEEEEEES BEY
}o
ANl
R R R R R R R IR T

0

2017 2018 2019
Ay

3 FEREENAR LSRR YR 00

Mt oM 130 kg + hm ™ B, A 100 kg #f
FAFFW I N 4.23 kg, P,051.22 kg, K,0 3.30 kg, *f
FAI S B BRI ELAAI R 3.46 1 1.00 2 2.70,

2.4 NIRRT AL R R AR I e
FH3 3 AT, BHA TR RARE I, BERA AL
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FRMTTECR SRR e R . 2017 4, P2
Wb PRAR S35 R, B P AREERY i 25.08%, 255+
ANEE, 5P3MP4AEER BE, P2 AHBER
TURRR R, PLANEEIR Z, P2 AbFH AL P1 Ab P4
T 132.43%. 2018 4F-, 4% Kb BBk 2 A 300 % 1 53
BRI 5 2017 4F—30, P2 AR 2EALFH PL
P3 &b B 3 5 B 0 10.04% . 69.89%, %% P4 b 3 5
F G0 106.88% 5 P2 b FR#E 2 5T R FR 4L P1 AL BRI
i 111.20%, 5 P3 Fl P4 4b ¥ 22 3R K. 2019 4,
Pl AbFRR R, P2 MR, —HERA
W, Pl ALEES P4 4B RN 205.35%., P2 4b
PRI Z DTER AR, B P, P31 P4 Zh34 54 A
45.92% . 0.34% F1 13.41%,

Bl TR RIS N, BER R R AR A ) 2
W (% 3), 2017 4F, P2 4b B 2R F R4
P1 AbFEIEHN 9.95%, %5 P4 KbFR I E 1/ 235.28%
P2 Kb B A 7= J1 %5 P1AL PR S PR AR 45.21%, &
P3 il P4 4b B 43 51| & 2 3% i 73.35% F1 128.11%.
2018 4F, P2 AbFREA 2 A H 32 4L P1 AR FEFEA 6.05%,
i3 P4 Kb BRI SE G0 262.80% ., P2 &b B AR AE 7 )
i P1 AL R RR AR 47.72%, %5 P3 F1 P4 kb B 43
W W B BN 51.42% F1100.53%. 2019 4, P1 Ak
PR R M R, P2 ABRRZ, 4335 P4 b3
2% B8N 553.68% H1 461.27%. P2 kb ¥ 4 A= 77 )
B P1 AL B R S5 R AR 47.80%, ¢ P4 kb B I 35 14
103.46% .,

&3 MEEEXREBRF AR

R AbHE AR (kg - kg ) FIFE (%) TR (% ) =77 (kg - kg)
2017 P1 6.26a 11.00a 6.24 98.02a
P2 7.82a 12.10a 14.50 53.71b
P3 0.39h 9.09a 1.25 30.98¢
P4 0.60b 3.61b 2.55 23.54d
2018 P1 4.14ab 18.31a 3.77 109.29a
P2 4.56a 17.20a 7.95 57.13b
P3 2.68ab 9.59ab 7.06 37.73¢
P4 2.20b 4.74h 7.65 28.49d
2019 P1 13.22a 23.73a 8.41 155.49a
P2 10.04ab 20.38a 12.27 81.17b
P3 6.30ab 17.53ab 12.23 54.04c
P4 4.33h 3.63b 10.82 39.90d
3 i kg + hm™, XN B 7= 5 2 51 N 6562.19 Fi1 6558.22
kg * hm™, ﬂtfﬁ 2 U Tt i ] S BAEAR AR AN 1Y
ASTAAR DR b . A AR X A TERT (mir= im0 99.94% ) 1 2EIE 7.81%.

IR AT, AR AEE ERE A AR
AU TR, B RN 75 ke - hm T B, HRAE
F%?%, LEROIVEDEIL V€ h = SN 113 p e R (N F s

15 R4 1 AR AR D80, A T R A 2% éﬁﬁﬁfi
150 kg hm ™ BF, Z4SARZ TR e R A A e
—‘—L24

o AR, MR 0 ~ 130 kg - hm*2
ﬁ,%§%WEWﬁW,ﬁﬁFE\E%EﬁF
{ERER, Y E KT 130 kg » hm™ B, £4F
FEFRPRIE AN 3, A Rs btz R AR AR R
S50 PR BSOS RGE R TR P A TR,
(LR Nae8 S N = T ds S I YR = Y i
Jit 3 e 1 e o 6 % it O A 4 ) A 141.21 11 130.19

YEY) S p St i AR, AERRXT R, B, B0
W], XL 2 ST e T, i vt e 0
I, FORAERRA . R AR, Rk X R
KA R I 40 A B AN, (H AT i e 4
%mﬁhﬁk,ﬂ%fﬁﬁm%mwmﬁgﬁmo
BWFFEERW, 15 AERE = A A T A B
PSRRI R, MR 150 ke « hm™ B}, FiE
ﬁ\W\@%ﬁﬁwgmmM%oﬁffﬁm
WFFE e, 4 BN It WA A AT LASSE AR AE X .
PR, MiE#EEE 75 ~ 150 kg - hm™
FIRS, BIRfEUERiEsae BT A, B BRI
B, sy BRI, AL BE. ATAEE



rhE ISR 2022 (11)

Jiti FH S 3 AR SR A e, R JLRE R IR 4% v iy
FRoy ek, MR RINGE ., AR, Mtk
HAEO0 ~ 130 kg « hm™ BF, B GRS AORE N, A
XA B BRI S R, Y
130 kg - hm ™ A, FRAEXTZC. B S AG RIS A
B, Ud IR R A B AR AR X 3R 4 1
WeSe, B2 AR 4 2K o

KIS R T ORI, AR AR Y 3R 4 RO
ZBORRE, BT - RS Y Bk, 1
TP LR ARGHEAEAC 24, 100 kg ARAET UL
A W BIERHIN 396, 1.03, 252 kg, KT
PHEAC 251 T, 100 kg MEAEMRICR . B, B0 5)
W 425, 114, 2.52 kgo kT U BEGER M,
A ™ 100 kg AT, EEA . B FIAFR IR
SyRIh 221, 091, 1.41 ke, HMRWICA . ®E. &
FeorE B A 2.42 :1.00 : 1.55, ABF5E R, i
BN 130 kg + hm ™ BF, 477 100 kg iR, F0
W N 4.23 kg, P,05 1.22 kg, K,0 3.30 kg, FFARMZIC
A B FRYLLEITN 3.46 £ 1.00 : 2.70,

s Y pR R W, HLRAR E R T AR
AETEAEF 32 A 2RI A 0 25 7 g B A it
FHE MR IR AR, Mt A 75 ke hm™ B
B skge s Y B R B, EEAR R HR AR 2
FHRSCR N F A FH AN TR], {H 35 Bl it 2 79 181
SO E I A, SR A 140 kg - hm ™ B,
Vi 5% A 0 T R P 3 A v, o e A o A e 1 2 0y
105 kg * hm™ . J 26 fgf 2 20 3 ik 2R AR 06 O 9T
B, ARRGE#EKE R, AR EAR e
R AR, kit St #4001 it o
4150, 300, 600 kg + hm™ WHAFIEAAE, A L4
FEL e A8 ek 1 2 1l 7F 150 kg + hm™ 247, HEH il 4E
150 ~ 300 kg - hm™ Z i), b + 4%l 7€ 300 ~ 600
kg + hm™ Z [i], AW 55 4 A6 B 2 A 22308 0 5Tk
R A T AR e R R R, R
FIFH SRR A = ) S ps i kA, Yt oh 130
kg - hm™ BB B AR F AR STk SRR B e . U6HH
TE BT At B TR ERR AR X B R AR, R
B R XA AL B 1 DTR %

4 Zig

MR 0 ~ 130 kg + hm™ BF, B % i 1

3, M E . s, PREMmA. B A

FEOT MO G, Y ERE R R T 130 kg + hm™
2

B3N 5 AR PR N AN AR AR AL . B
(P,05) A&, HAAE IR = ™ b it il ek TR AR 28 B it
B 43 90 141.21 F1130.19 kg + hm™, %F i 4 7
0 91 9 6562.19 F1 6558.22 kg « hm™, R JH & T
Jita B ] S IAE R AE AT R LT (RS R
99.94% ) TTLBENE 7.81%

24 it B BN 130 kg + hm 7 B, 45 77 100 kg K
K, WU N 4.23 kg, P,051.22 kg, K,0 3.30 kg,
FRAEMCRL . B, BRI LR 3.46 £ 1.00 = 2.70,

AR AR 27 A5 3R R T R 3R o o5 it e 1 344 o
BEA B IS R B, A R A A= 7 ) 2
IR RAE, YRR 130 kg - hm” B, BEERAK
SV eI e Sty =

LA EIEMAL B ST IR IR
FWEZ A, FE SRAR DX 28 5% it 24 130.19
kg *+ hm™,

SE Mk
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Effects of phosphorus application rates on nutrient utilization and economic benefits of cotton in southern Xinjiang

ZHANG Hong', WANG Ai-lian', ZENG Xiong'", Halihashi Yibati” *, LI Qing=jun” *, ZHANG Yan™ > (1. Agricultural
Technology Extension Center of Awati, Awati Xinjiang 843200; 2. Institute of Soil, Fertilizer and Agricultural Water
Conservation, Xinjiang Academy of Agricultural Sciences, Urumgqi Xinjiang 830091; 3. Key Laboratory of Desert-oasis
Crop Physiology, Ecology and Cultivation, Ministry of Agriculture and Rural Affairs, Urumqi Xinjiang 830091 )

Abstract: In order to provide scientific evidence for reasonable phosphorus application in cotton production, the effects of
phosphorus application rates on yield, nutrient uptake and phosphorus utilization of cotton were studied under the condition of
film mulching drip irrigation. The experiment was conducted in Awati county of Xinjiang from 2017 to 2019. Five different
phosphorus application rates were set up under the same amount of nitrogen and potassium. Cotton samples were collected at
the boll opening stage, and the yield, biomass, nutrient absorption and phosphorus utilization of cotton were determined.

The cotton yield, biomass and output value increased significantly with the increase of phosphorus application rate when the
rate was 0 ~ 130 kg * hm™, and the absorption of nitrogen, phosphorus and potassium also increased significantly, but the
effect was not significant when the phosphorus application rate was higher than 130 kg * hm™. The phosphorus agronomic
efficiency and contribution rate of cotton increased firstly and then decreased while phosphorus utilization efficiency and
partial productivity of cotton decreased with the increase of phosphorus application rate. And the agronomic efficiency
and contribution rate of phosphorus reached the highest when the phosphorus application rate was 130 kg * hm™>. The
regression analysis showed that the optimal economic phosphorus application rate to obtain the maximum yield were 141.21
and 130.19 kg + hm™, respectively, and the corresponding yields were 6562.19 and 6558.22 kg * hm™, respectively.

The economic phosphorus application rate could save 7.81% of phosphorus fertilizer without reducing cotton yield ( 99.94%
of the maximum yield ). Therefore, considering yield, economic benefits, nutrient absorption and nitrogen utilization of
cotton, the recommended economic phosphorus application rate of the selected cotton field is 130.19 kg + hm™.

Key words: cotton; phosphorus application rate; yield; nutrient uptake; phosphorus utilization



