| T T

——

(T

rhE ISR 2023 (6)

doi: 10.11838/sfsc.1673-6257.22324

RKEPEESEBENFTREXORETER
H K53 F AR N F LB 20

SR, XIBRAR Y, SRS, RS, E O, o8 R
(1. Hr& LR B AR TS BT 7 AW A 74 b5 o b 2 (0 (IR B
SEE, Hl 22 7300705 20 HNELERERE, HA 220 730070 )
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15 S B T HOK A FIRRCR, W EK AR ORI i, it 0 825 5 ) B 48 25 i T HoR Ay R FRCR,, ALV
A SN ECE (NPKM ) SR B4 At (g2 4F ), Skl (NPK) AECR LT 5t HLAE
(OM), FE% 3EWIE TS, M 4 F2 5 WM . KIHEAAPUE (NPKM 1 OM ) % NPK Z4b#E 0 ~ 20 em £
B B & AR T 77.35% 1 69.65%, A HURGA 40 ) i 3N T 70.68% ~ 76.55% Fi1 62.09% ~ 63.31%.
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AL COM ) W] i 42 m S A -+ S DL A E Yt & i, SSInAPLhs i, AR T i LR, 48

SRR RIACE. BT S 5 BB UK SRR IORN ST RRFE K ST RIG
A M NG PR A RUECE: AHLB kT RIK

UL - m R TR XKz T2 . F2F
TR K 5 RAED 5 RS, AR &
MRITARES V2 SERRIER, MR 55 BE 7T/ N T
K, BEALRK A RIS, S K% R e A
A, AR K7 &, I REIRSE TCRL % TR
AR, B s R E I AE R R T
RO, R R KA IR R a7 0 R R
iR S R 55 AR AN 20 28 90 A4 L s
ok, AT 20 ZAERERE SR B, ITILAE,
HN B TSR E RS 2R, HETS
e B X R T A T S T R
JE SE AR B A B w AR

A HLER B AT B T B R

KRB 2022-05-25; FABH: 2022-12-04

ELTH: WA EEHAITR (20YF3WA010) 5 Hl &4l Rl
SEBERHEATE LI (2022GAAS25) 5 A it (Rl ) BHIFL
T (201503120 ) 5 FEZEE S ML (2016YFD0200101 ),
EE® A KPR (1981-), ®IBFFEOL, ML, KIMNEIEY TR
O3PS EEIISE . E-mail: zhangpl2007@163.com.,

BIESE: 3R, E-mail: guotw@gsagr.ac.cn,

e H MR RIRERZ L O ENAMIFSE R,
M 498 () DGR R T 3 R, ATl 3
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i 30 4Pk, P2 TE RIS X5 T A4S
PR X - A WLk B i SO e TR, 0]
N [T e w2 S R s = o [0 S 5
ORI Tt e, HORR AT, it
A HUE RN XS A LR B P45 & AR 2 o3 i s i 7
JEAEE e S V0 AR R L E P A 1
TIN5 kbR s I AL RS -, R
FER I FHARHE . 7B HUAE DL R b R 25 ok St T 4%
S KA R R A MR BRI, LA
FAEE SRR e . SRR AR, S S
Al AT RFEE K JRFN A S8 27 [ 2 R LR -
1 MRl5AE
1.1 BF5E XA
BRI TR AE H R 8 AR B2 B B R 4 e %
EULIR S 2, (104° 36" E, 35°35' N), ZIXF
IR 1970 m, PR 6.2°C, = 10°CHIE
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AR 2075.1°C, AEFFEKE 415 mm, R L
1531 mm, JCFEH 146 ~ 149 d, JyusIpgdLHs +
BT RIX, REET 2015 4F 4 H, HERER
Y, JEEA L R e
BN AP 1062 g ke, E 078 g kg, Tl
KA 2213 mg kg_l\ B2 A 538 mg * kg_l\ 5
W5 10.12 mg - ke HALH 163.8 mg - ke, pH 832

x1 HBEXREKE

0 ~ 100 em +JZ ¥ HHIAEE 127 ¢+ em ™, AEEIX
MoK WEE 1, BokEFEEPES—H, 24
WK1 77%, FHorbr 2015 F1 2016 4F DA B4 1 &
WIR% K 253.2 F11247.0 mm, AR IKAE; 2017 4F 4%
B4 H WIFEOK 335.0 mm, N IE R EIKAE; 2018,
2019 4F h 5 4 FH HIRE K 416.2, 440 mm, 5
FAEAERIA, KR,

(mm )

Ay 1A 2 H 3H 4 A 5H 6 A

7H 8 f 9 H 10 A 11 A 124 a1t

2015 0.0 59 24.8 239 62.9 359
2016 1.0 5.4 7.8 28.1 89.5 13.1
2017 32 6.1 36.9 17.0 51.4 542
2018 162 53 6.9 51.9 355 89.9
2019 53 12.9 9.5 29.7 64.7 98.4
¥H 5.1 7.1 17.2 30.1 60.8 58.3

72.6 31.8 37.3 12.7 18.4 0.0 326.2
45.7 29.4 17.2 52.1 15.8 0.0 305.1
38.7 142.2 44.7 23.8 45 1.6 4243
135.2 88.6 58.6 8.4 31.3 0.8 528.6
553 126.5 61.5 33.6 10.8 1.2 509.4
69.5 83.7 439 26.1 16.2 0.7 418.7

1.2 Rt

R VLR ( Solanum tuberosum ) “NHFIEHT
BE, @A P 10 57, RAE R 7 SRR XL
KR BEHLIC A 151, 5 N AE R (85
£, DANF3RoR) MM o (2R 5 28,
FM 1) 2 K, B R 4 AE K
e (1) XFRE (CK, AHtiAE, HFRAED ) . (2)
BT AUBEER (NPK) . (3) Ui HLAE (OM) | (4)
ABEA + AHLUIE (NPKM ), /NXTE ALl 20 m°, 3
WHEE ., S A A TR
2B ZB98 60 em, 5 15 em, (H9E 40 cm, 548
SRR AEZE TN 5 AR BT 1 b R B AN A 28
RS S, AL B BRI E N
180 kg * hm™, P,0590 kg + hm™>, K,0 60 kg - hm™,
AL AEEE, e 45t hm” (FE), B
A REAL T R — R PR o R0 R s i
EFIE, D8 EM4E4 A TAHEM, 10 A LAk
A, HEAE PR S 2 — S
1.3 s 5 K5k
1.3.1 3R WU P ik KA AR G e I

2019 4F 10 H 18 H & % 25 W 3K J5 76 H [A] Bt
B, BN X IR “S” T £ 5 BURE I R B
JZ0 ~ 20 em JFOIR BFEIR A, 2 AR 50 R &
] S50 % DA AR, 364 MLAR SR FH 4% R 41 A1
IBGEI R T, S R K,S0,-
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Pz E L A AR (SOCR) Jid
THE R (SOCD) K75, SOCD=S0C x b x
d10, SOCR=S x SOCD; X, SOC Jy - IEA MK
# (g-kg'), d WHZRE (20em), b HiZt)E
FTHERE (g em™), SHITEmA (B 1 hm),
TR A %8 T3 HAR >2 mm R ERAT
T,
132 KA o

K AT, 7F DR R WK Y
LR R ATAE B PIHREI O ~ 100 em + )2 (5
20 em R 1ANZER ) BUORE, D@ HHEK s S i, +
BEW K SWS (mm) =Wyxbxd, Wy 118 &
oK, bR E, 4N R Ko FIH
B0 WUE=YIET, Yk By 4% 55 5 {5 1 AR ff 220 7= o
(kg + hm™), ET HSAEAFHFEKE (mm);ET=
SWSus+P-SWSyx, SWSge N HE AT + 3N /K H (mm) ,
PSR EEFHREKRE (mm), SWSy, ABGKE
HIHE K E (mm ),
1.4 Hdakbi

KM Excel 2007 #H53IFER], DPS 9.50 #4775
20T

2 HBREHH

2.1 BERESTEALS AR B AR
I 2 AT, FEAN ) B K ARy, b I i X
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MY B R i S e R AN W], H  2015—
2017 KOKFIEH PR ARy, Do 8 it 52 I
i 2 W s2 ik B 1B 3 K (P<0.01), FM
B NF Ab P E 45 28 7 1 4 ) b 25 4R T 39.60%
76.03% . 53.75%., {E2018—2019 E/KAEH T, 5
B GZWBEEENRNE AR, M5
NF b B2 S AR, EAFEEKELT, SRE
77 A2 it A R 2R A 1 58 B 2 UK S, NPKM
b PR LB R R e, CK AR R K. 7E 5 i
HE HF PR AR (2015—2016 4F ) S48 = = m R A
NPKM>NPK>OM>CK, H 2% 5 W 3%, NPKM # NPK,
OM., CK 4b B 4y 51 4 Jin 7.280% ~ 7.86%. 14.35% ~
17.19% . 26.24% ~ 58.42%, NPK #% OM. CK &b
FH A W15 0 7.51% ~ 8.65%. 17.04% ~ 50.58%,
OM %% CK ZbFR 3BT 7.73% ~ 38.54%; 5E il

REZS 3 4F (2017 4F ), JEARALFEEE CK Hh45 2 &
YIH ANEFERE G, NPK 5 OM B2 5 75
FENALES 4 4F (2018 4F ) FI5E 5 4F (2019 4 ),
AS [] it BB A PR 2 26 #Eo NPKM>OM>NPK>CK,
NPKM 5 OM 4b # ¥ i 2% & T NPK fil CK, H
NPKM #¢ NPK il CK b 3l th 5% 2 5= 4 4y 5] i) 25 184
Y 11.99% ~ 17.41% F129.50% ~ 68.98%, OM %%
NPK Fl CK &b 2 43 51 34 hn 1 7.83% ~ 10.97% #
28.32% ~ 57.63%, NPKM 5 OM A3 2% S R0 i
IR R, AEPUALE T RIX, ERIKAERLE R
KA, MR 6 AT P A, T
IKAEDRCRAN I . Eh R 257 ik 2 il I R 385 M 3
R, AR CFT2 45 ) Fitifb e o 2
BORPEF AR VUL, Wik (4. B SH) il
FHA BB SR B S - AR

*2 BRERESEEMNESREFE0FMN (kg * hm™)

AEfy AbF CK NPK oM NPKM S
2015 NF 27414 31091 28389 34392 30321bB
FM 37019 44322 41021 46948 42327aA

ST 32216¢C 37706abAB 34705beBC 40670aA
2016 NF 7137 10188 9705 10872 9476hB
FM 12073 18179 16908 19560 16680aA

S 9605cB 14184abA 13307bA 15216aA
2017 NF 15077 19971 19486 22001 19134bB
FM 23183 29107 29547 35835 29418aA

TFIE 19130bB 24539abAB 24516abAB 28918aA
2018 NF 27251 31668 36002 36919 32960aA
FM 29251 33668 36502 36252 33918aA

ST 28251hB 32668abAB 36252aA 36585aA
2019 NF 23284 33268 35402 40002 32989aA
FM 23685 34335 38635 39369 34006aA

S 23485hB 33802abAB 37019aA 39685aA

T FATSRESVEARG AR NG PR AR A B R 22 51K 19% R 5% BEKF-o FIE.

2.2 WS AR A SR A R FRCR
HE 1AL, FEANRIRE KAy, MR S X R
LR BEK AR FHRCR A S R IMAN R, Horp 2015—
2017 KK S IEH KAy, FM 5 NF UK FIFIRL
RO E PR T 34.35% ., 84.53% . 45.38%, TMifE
2018—2019 F /K AE{3 T, FM 5 NF Ab B K 43 F)
BRI ES . EARFIREKAED, ARt A AL BT 7K
S RIHBCER e 5 7 R AR A — 8, TR A
MERTFIAE (2015—2016 4F ) , KA FIHRCREL I A
NPKM>NPK>OM>CK, H 225 3, NPKM % NPK .

OM. CK &b 2 43 51| °F 2 £ &5 1 7.80% ~ 8.86%.
15.05% ~ 16.64%. 22.34% ~ 52.97%, NPK #
OM AL BESE T T 6.73% ~ 7.15%; ENiahtes
34F (2017 4F ), it AE AL B K 43 F1] AR B 6 B CK
WLEHLE, NPK 5 OM ARER 24 5 BN IR S 4
4E (2018 4F ), NPKM, OM % NPK Ab Bt /K 43 F)
RO B AR T 14.88%. 16.28%, % CK kb 3H
WERE T 33.44% . 35.06%; &AL A 5 AR
(2019 4F ), NPKM. OM #¢ NPK 4k B /K 43 F1] FH 2%
FARE T 2043%. 1490%, HESABE, K CK
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AAHE R FHRE T 59.50% . 52.17%, NPKM 5 OM Ab
I EZER, LIRGTRRERY, FENET2IX,
TERIKAEFNIE B oK ARy, HufBEE 55 T e s
AR FIRCE, MFKEDRCRAR R, S48

140 ¢
~ . ONF  @FM
: %
S 105t P a
o b /
: M SRS
e T0r 2 o
5 b
R 35t
= %
= 17
0 I n n )
* 2015 2016 2017 2018 2019
Sy

m')

*m

KAFINRE (kg - hm?

K o3RI A 32 it AL PR 2 e I e, i HE 0 3
(BT 2 4F ) P AL IERCR L T HtiA HLIE, 25 3 4F
PRI JO2E 5, ) (5 4,

555 4F ) it A LIE
MR TALIE, XS a R A A — 2.

140 OCK ONPK @aOM ®&NPKM
1051

701

35+

2017 2018

Ay

2015 2016

B 1 BRFAMERNSRE KRS T ARENHNG
T A EAR/ NG P REORE—F O AR R B 227 27 (P<0.05).

23 FEREEHEAEXT 0 ~ 20 em TIEH HLURR Y
M2 3 AT AL, FEVEALEE £ bR 2 T R X #E
HERMT, HL S FLREEMAE, 20 ~
20 em +HEAHLER S 2 AR R AR IR R TR
K (P<0.01), TisZHE S A2, H
WE EAERON A B E . ARGEELHE O ~ 20 em +
HAHLRR & R0 NPKM b PR i, HOKE OM
Ab 38, NPKM F1 OM & 2% & T NPK. CK &b #, F

o NPKM # OM. NPK. CK &b 4% 51 i 4 & 1
7.17%. 77.35%. 81.85%, OM %% NPK F1 CK &b B 43
R R T 69.65% 1 65.44%, NPK 5 CK JG 2
Fo FM 5 NF PTG 5, 255K, 7EvdetT
RIX, #85 FAE DR EAM T, AR5
Bt A Rt A ML A AE T SB35 0 ~ 20 em
AR S, I 5 A X R
A PR B AN

x3 BESHEE0 ~ 20 cm TEFVBRAZIT (g-kgh)
Qb CK NPK OM NPKM SEHE
NF 1022 +0.17 10.47 +0.16 17.40 + 0.50 18.81 +0.46 14.23aA
FM 10.25 +0.37 10.52 £0.25 17.35+0.72 18.43 +0.74 14.14aA
T HfH 10.24¢C 10.50¢C 17.37bB 18.62aA —

2R, g EFME ENF & TF, N
[] e A A B X 2 3 BB i 1 () S M 24T B
NPKM AbFi 5 iy, HkJE OM ZbEE, NPK 5 CK 4b#
T2 5. TENF 7R, NPKM % NPK, CK 4b 43
R E RN T 76.55% . 79.33%, OM % NPK. CK 4t
PR S E AN T 63.31% . 65.87%, NPKM % OM kb
P EPRE T 8.12%, 1EFM 5K, NPKM # NPK
HICK &b 343 5] 5 25 34 0 T 70.68% F175.20%, OM
BENPK. CK AbH A3 50 30 T 62.09% . 66.38%,
NPKM %% M AR E T 5.29%.FM 5 NF AMFE G2 5
R, S bIEFOAEIEAH L, APUIESEE
W RN LA AT T 0 2 4 B2 A ML e o,
AR T e am, AR AN
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NF RN M
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KF) T WE K (P<0.05), 26 AR & A5 ik
BT B FKFE (P<0.01), 1 HE BRSO A i
. ALY 0 ~ 20 em +HERMAE Y E IR T
SN NPKM>OM>NPK>CK,  H 4% b3 ] 24
B3, NPKM # OM. NPK. CK ZbFE4y 5] 5 & 45
T 9.24% . 43.99% . 82.17%, OM #; NPK, CK 4t
FE N0 B T 31.82%. 66.77%, NPK % CK

Ab P 2 PR T 26.51% ., FM % NF 4b #3049y &
R EE T 9.09%, LRgEREN, i+
FrbR X H#ESE 6 AFFE DS T, KI A 55
AL (AEIE . AL ) Fn] i E 4 s S B ah -
0 ~ 20 em HIERUA YRR & a0, HALAEED AT HL
JE(NPKM ) SCR AT, St AHUE (OM ) #Hit
FBHE (NPK ) SR .

F4 BIERSHEEX 0 ~ 20 cm TEREYMEHRMNZIN (mg - kg™)
sz CK NPK oM NPKM FEE
NF 189.80 + 30.73 232.08 +20.63 308.53 + 19.65 330.72 + 16.26 265.28bA
FM 195.77 +26.29 255.71 +7.56 334.47 +21.76 371.60 + 31.07 289.39aA
SEHE 192.78¢C 243.89bB 321.50abA 351.16aA —
3 Wik WOIR i 5% B e e P AV ARAE TR sk i )

- B B e o A A 7 ) T
bR, HA R R Y O W R
T HEA R & BN, (R EAATE IR RS
P ARE. SR, o, Sy bR, B
7% 38 g A= 7 1) B B R BER, Ir LA RE S
VA S B AN TR A5 B it o) S HILRSE R ] ) o 24
bro REMFFTERM, KX+ 566 PR &5
oA R T o, LA A AT LA
RN LR B I 2 A A R L AR
AR5 ) 0 DR S A 45 1 b IR0 D it I A 2%
PR 5E Ze VT AR AR 1 ARBF g gk ik, 78
PR TR XOMB L &, EL S MY
A KBRS PLIEESiE (NPKM ) 15 it
AHLIE (OM) # Hjiti LI (NPK) 0 ~ 20 em £
WA MR &R EW T 77.35% F169.65%, £
BL B it 12 53 ) e 3 35 i T 70.68% ~ 76.55% F
62.09% ~ 63.31%, A FTIEdkA 1+ HEE K, X
Sap N 45 R EEA—2, KIWG A VLR T
TR, © N T ML N AR A SR
PR it FH A8 MILAE — J7 T B 0 T 3 i U i 4
A, F—Jr, KA VU EY A U HJE AR
YRRl NSNS ey | EIE 3 ) |
THEEIBEAE P AR IE R AR (NPK) 5
AHERE (CK) UK S &5, ANFEFHRA
s 2UETR kY RS, SRS T TR
PR PR Y R B KRS 1 RS
—3 (PHFRAT, BiEfbas s, R
SNEE NI, AU R IR S ZREEEY

AR LARENE MU OB L #E, - HL, BIA4EIE
FEAEABASRERLLE HHEA ML L, & S8t

HEABURRA 5 B
TR YRR E T IR, IR
WS MFEAIEER, AT LSRRG TR 4, R
WO TR R B AR e AR O
AR A DR B RS R R F . 25T
FeH, IR Y R O A T BE A T b ]
NEALAEEE (CAHLIEFITCHLAE ) . 1EIR R . BHE
FIPR R A B A oA 7 s 2 5 720, e it e g
P BRI, bt P A HUIE AT D G i e - e
Y. A EE, R A P
B, R YR e ] T P AR
LW, KIPEHAVUE (NPKM, OM) fER EHE
TR YRR A, B TR R,
H NPKM A1 OM % NPK 4b B i3 A 9 i 65k 43 1) b 2
PR T 43.99% F131.82%. Goyal 2 ) % 10 4E 1)
IEHUA HLAB KA R B0 L i . A
MAEAEIEAT TRFFE, HRUEH I A HLAE B8 IR 2R
Y KRR, TR ETE A AL R,
A A R A, IR e

Tt LA (R AL F
AT 78 BN AN [ 28 - e MBS A9 5 i)
FEEERAMR I AW R, Sk 5 4EFR
LRSS PETR, FM % NF AL 3G HLRR & B Ffg it
WA AL, FM &8 NF 23R4 40 e i 548
BT 9.09%, XSRS dudtE s Y pgT
EH B, MRS Y RS R, MR S A
R TR EIE R Yk . RUE A, HY
— 119 —

S

(T




| T T

——

(T

rhE SR 2023 (6)

MR SR A T WIA . S5h, AUTERM, &
PEEE TR, FERORAEDY 5 IE R KA, FM
B NF 5 ol 25 i vy o B 2 o SRR G R K
B, Al Y BRI R B i E KA
TRSCRANI N . Ty A% 5™ i S HOR MR FHRCR 32 it
RER ZSE ORI ., AR (i 2 4F ) Htife
MERCRAL T tiA HLIE, miktl) (56 4, 25 5 4F )
it AT HLIE BSR4 TARAE X 500t P A
PUIESE I+ B, 120 HER LT A K.

4 Hig

TEPALEE - b TR IX, ROKAFEFIIE &K
ARy, MR R5 P I R R S B e K A
FRCR, KRR, 2B #5055 %)
S b BB B e S K 43 R PRI 5 e 5 41 R
TREEYIRAG . T AT S48 2 7 it S K 43 I FH AR %
AR ., EEAE R0 (AT 2 4F ) Huiifh
JE (NPK) AYZRCRAE T HiiA HLIE (OM), 7855 3
B TS, WIS 4 48 R H 2 J5 WIAH

PG + bR TR XM 40T, &
SEPPE 5 AR SRS, KETAVUIESIEEDE (NPKM )
s A ML (OM) BEEfEAE (NPK) &34
FHFL 0 ~ 20 em HHEA YU YRR S R
ISR, AT 3R, MR s
SRR AT B 0 ~ 20 em TIEMUEY RS
TN MR i S AN B i

S5 3k -
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Effects of long-term fertilization and plastic-mulching on yield and water use efficiency of potato and soil organic
carbon in semi arid area

ZHANG Ping-liang', LIU Xiao-wei', GUO Tian-wen”’, TAN Xue-lian', DONG Bo', ZENG Jun' (1. Dry Land Agriculture
Institute, Gansu Academy of Agricultural Sciences / Key Laboratory of Low-carbon Green Agriculture in Northwestern China, Ministry of
Agriculture and Rural Affairs, Lanzhou Gansu 730070; 2. Gansu Academy of Agricultural Sciences, Lanzhou Gansu 730070 )
Abstract: Taking long-term farmland positioning experiment in loessal soil of the national soil quality observation and test station
in Anding district of Gansu province as the research object, the effects of long-term fertilization and plastic-mulching on yield and
water use efficiency of potato and soil organic carbon in semi-arid area were studied. The results showed that plastic-mulching
significantly improved the yield and water use efficiency of potato in years of insufficient and normal precipitation, and the effect
was not obvious in years of relatively sufficient precipitation. Fertilization significantly affected the yield and water use efficiency of
potato, and the effect of combined application of organic fertilizer and chemical fertilizer ( NPKM ) was the best. In the first two
years of the experiment, the effect of applying chemical fertilizer (NPK ) was better than that of organic fertilizer (OM ), and
there was no difference in the third year of the long-term positioning experiment, but the effect of OM was better than that of NPK
after the fourth year of the long-term positioning experiment. Compared with NPK treatment, the content of organic carbon of long-
term organic fertilizer treatments ( NPKM and OM ) increased significantly by 77.35% and 69.65%, respectively, and organic
carbon storage increased significantly by 70.68% ~ 76.55% and 62.09% ~ 63.31%, respectively, in 0 ~ 20 cm soil layer. The
effects of different fertilization treatments on soil microbial hiomass carbon were as follows: NPKM>OM>NPK>CK. There was
significant difference between treatments, and soil microbial biomass carbon of NPKM and OM treatments increased significantly
by 43.99% and 31.82%, respectively, compared with NPK, and the effect of organic fertilizer application was better than that of
chemical fertilizer. Long-term plastic-mulching and NPK treatment significantly improved the content of microbial biomass carbon,
however, they was no obvious effect on the content and storage of organic carbon. In conclusion, long-term organic fertilizer
combined with chemical fertilizer ( NPKM ) or organic fertilizer ( OM ) can significantly improve the contents of total organic
carbon and microbial biomass carbon of loessal soil in dryland, and increase organic carbon storage and promote the sequestration of
farmland soil carbon, and improve yield and water use efficiency of potato. The effects of plastic-mulching on yield and water use
efficiency of potato are closely related to interannual precipitation in dryland.

Key words: fertilization; plastic-mulching; yield; water use efficiency; soil organic carbon; semi arid area
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