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T A5 9454.5 kg/hm* F1 9674.8 kg/hm?,
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Effects of combined application of nitrogen, phosphorus and potassium on yield and fertilizer use efficien-
cy of Cyperus esculentus L.

CAO Zi—qi', REN Yong—feng'*, LU Zhan—yuan"*", ZHANG Xiang—qian®, ZHAO Xiao—qing’, DONG Qi'

(1. School of Life Sciences, Inner Mongolia University, Hohhot 010018, China; 2. Inner Mongolia Academy of Agri-
culture and Animal Husbandry, Hohhot 010018, China)

Abstract: To improve yield and fertilizer use efficiency of Cyperus esculentus L., "3414" fertilizer field experi-
ment was conducted in Wulanbuhe Farm (Dengkou County, Bayannaoer City) from 2020 to 2021. The aim was to
analyze the effects of 14 NPK fertilizer ratios on biological yield, tuber yield, partial factor productivity and agrono-
my efficiency of C. esculentus. Results showed that the aboveground biomass reached the highest under N,P,K, treat-
ment, and the underground biomass reached the highest under N,P,K; treatment, and the biomass in two years in-
creased by 45.75 %, 31.39 % and 53.96 %, 32.27% compared with the blank area. Under N,P,K, treatment, the tu-
ber fresh yield reached the highest, which were 101.86 % and 77.24 % higher than those in blank area in the 2
years respectively. N, P and K fertilizer partial factor productivity reached the highest under N,P K,, N,P,K, and
N,P,K, treatments, respectively. The agronomic efficiency reached the highest under N,P,K,, N,P K,, and N,P,K, treat-
ments, respectively. An obvious interaction effect was found between N, P and K fertilizers on yield. Two-year data
showed that fertilizers effects were the best at medium phosphorus and potassium, medium nitrogen and potassium,
medium nitrogen and phosphorus levels. The fertilization rates of NPK with the highest yield in two years were N at
151.7-174.0 kg/hm?®, P,05 at 192.0-195.3 kg/hm?, K,O at 95.9-102.4 kg/hm®. The theoretical yield in the 2 years
reached 9454.5 kg/hm” and 9674.8 kg/hm’ respectively.
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15 52 (Cyperus esculentus L. ) X FRIH 5 &, 2R
23 R R Y] A TS
H PR VRS0 2484 C R AP, Wb e
SRRV TEY) R B R AR T
— A, R 7 KU U R AR T K B - b A
R SR A ™ ™ TR AR DG S s rh
WV I 7 E AN VS T AR VE 2 A 1) (snack
food of the God )™, I A1 A £ KA 55 10 #b 78 3k R
e S B 1 L T M Y AW e R S K (S b (25 2
] AR VP R ke ) A0 P SRV P DA 5 K 5 | 1, I it A 7
JINE FELAFPE . BRAE PG AL M X AU IX | B b X
85+ HEVD b A F b DX A R S0 LAR R [ )
T AR AEFRAE 17 000 hm* 2247 o SEBREA ™ 4. 5~6
t/hm® I R 2R I i ) ATk 40%, B B
77 M A 1200~1500 kg, & K R 3 4%, SR
1. 5457,

NSNS SRR A S s E A A RGE , Y
25 F B AR AS TR R A O SO TR A A
O 4 i BB SR A HLAE " 5 bk R A
AT, (E A i S U B S it T )
W5, Bl R B GE A R S A K & B RUNED
PEATHEAE , S BOm IS B R AR . A A
A A0 L ) A8 — A2 9 9 e 7 AR R i R A ]
P S N 31 W N T = 0 N I =
BRI A B2 L,

“34147 KBTI T ) R LR i A B |
RO R LA . REMSARIE A8 J) AVEY 5 RE AL
IR AR 358007 PRI, A A B ) 2R B i FH
PRI 34147 3 56 1 oA iy 2 H i N A )iz
(1) HTRD S 1), A Ik, ARG R 34147 1 5
J7 % RN R A B B L LG TRy AR i BRZE
Fea ERER FH R B AR 0N S AR I A
2, LA it S A0 O i T 3 5 0 7 A S T
P2 A PR R BT L LL , b A BEE TS St
HE AL IS IR
1 #REF %

1.1 {IEXHHR

IR T 2020-2021 4EAE A ST AR IX I IR
mirEs 0BG = MR G AT, % X HiAb 106°56'E,
40°32'N. Ja& iy KBl 22 XU, AR~ 3 <l R
7.6°C, MWK AR BE 290 3100°C , 4F -2 I

144, 5 mm, 25K 5 2397. 6 mm, T HERTAY
Kb+ AL & - 8. 86 g/kg . pH 8. 96 . 2% 0. 72
glkg AW 1. 02 g/kg 281 8. 96 g/kg. VLT AP A
s 145
1.2 RIEEit

Fe 34147 Ry it BT AR 3 &R,
I3 IBCE 4 D IKF, Hid 17KF = 27K x 05353 7K
= 27K x 1.5, ANXCRHBEPLIX 2L HEF , R4k
PEIWHEE . /IMXHE24 m* (4 mx6m). FEFIT
M 7HE 4T 50 em, 7CHER 15 em, FOREL 2 BE 2 133
3357¢/hm’, BRAET 5 A N AT RN, 9 H T AJUk
Ko WAE Je 45 Ab BRI R A B b R v odE K L BR
e T ) 4 AR — 3

Hoditi A 2 7K 15 B8 N 150 kg/hm? (P75 K
% 326. 1 kg/hm?) , P,0, 240 kg/hm?® (74 3 W5 2 45
521.7 kg/hm?) , K,0 120 kg/hm® (414 i Bz 40 200. 0
kg/hm?) . SCER 7 EAASAL PRI 1, RBEAIE LR
FHH R IR 2 (4l N> 46% ) i BERRES (P,0.> 16% ) |
TRIRER (K,0= 50% ) , IERHE A L — IR A

K1 HFEMIA LR AR
Table 1 Experimental designs of 3414 fertilizer program

on Cyperus esculentus

- e KF JEREF 7
Code Treatment Level Fertilizer rate /(kg/hm?*)
N P K N P,0, K,0
1 NP K, 0 0 0 0 0 0
2 N,P,K, 0 2 2 0 240 120
3 N,P.K, 1 2 2 75 240 120
4 N,P K, 2 0 2 150 0 120
5 N,P K, 2 1 2 150 120 120
6 N,P,K, 2 2 2 150 240 120
7 N,P.K, 2 3 2 150 360 120
8 N,P.K, 2 2 0 150 240 0
9 N,P,K, 2 2 1 150 240 60
10 N,P,K, 2 2 3 150 240 180
11 N,P,K, 3 2 2 225 240 120
12 N,P K, 1 1 2 75 120 120
13 N,P,K, 1 2 1 75 240 60
14 N,P K, 2 1 1 150 120 60
1.3 MERNBSHE
1L3.1 FERAME

th i 55 5 43 B )
. 143 b 1L 107 o B — i P
Rt o R BE R 7 KR 1 £ 2 A R0 U/ X
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HE]AF (0. Sm X 0.5 m) (/N AR 22 000 5 19 i o
SR IBON I B 1 i v S LA T SR Ao TR R
BN e o £ R M O NP 1 B i WA U
FEFEAT B 7= 2 AN DK B 7 90 SR e B
HEAT =0 RO R R A3 A A5 R e R R A T
Sl R I £, AR R W T 2 AR OCHE A

25 XA X 7= 8 = NPK, 72 1 / N,P,K, j= & x
100%

Bl X A P B = NPLK, 72 5/ NLPK, 77 B X
100%;

R DX A6 P B = NP K, 72 5/ NLPK, 7 X
100%;

BEP X A X 77 = NP,K, 77 i/ NLPK, 77 i X
100%

JEAEAAEE = 100% 1% P 5

G I X it REARAF BE = 100% — 25 FH X A X
i
1.3.2 fe#tAmE JHEAWT,

ROBEH) IE R A= 7= 01 ke/ke) = a0 (B4R ) &b
P o it A () 1

R (BER) NEAR 22 RT3 (ke/kg) = O A (W
B ALFE B — N (BERR ) AL B ) /it A (1
B
1.4 HIESTSAIE

FIFH Excel 2010 1 SPSS 26. 0 #4750 35 %%
BT, 16 Origin2018 #1724 1A .

2 HREHAAA

2.1 EBHEETHTEEYE

W3R 2 7R, 2020 4F 12021 45 5 Gt | b
TR A i B A A B KR 28 R S X (NGPK,)
M b EE =43 ) R 352, 7 kg/hm? (411, 9 kg/hm?, H1
TR 74350 332, 1 kg/hm®.399. 5 kg/hm?, Hb |-
B A W R 1 R NGPLK, b 3 6 350 514. 0
kg/hm® . 541. 2 kg/hm*, M F A= 9 1 i =5 34 N,P,K
AT &EFE 50504 511, 3 kg/hm® . 528. 4 kg/hm?,

it B DX 3 v 52 M b A AR W AR s 1 X
(NP,K,) A AN [R] A8 5 34 T, L3843 e HE Ak B 55 28 (5
AR B EEE S, P KK NP, K,)
I, 5 AT N IR &k 35 (N P,K,) AH HE 7t N S8 8 88 n T
Mo bR A i, FLAE e (N, K- B i o0 2 b 3
AWk B B, 43 oA 514.0 kg/hm? 541, 2 kg/
hm’, 24 N K 8¢ NP jifi FH K-8 45K F (N, K, 38
N,.P,) B, 5 A P AR (N,P,K, ) 8 A it K JE (N,P,K,)

FHLE, 3t P Bk K AEZRRE 851G i v5 &2 b 13 A:
Y, 3 9I7E P-P, K, ~K, K P52 F T, 25
N P uk K AE S R A e S T R

5 i A (NP K,) AH EE , it JE S AR 28 v il v =
G AR R . Y ABR R s A i T KT
g H 2 K (NLK, W NLP, FIPK,) B 43 5915 A it & AR
ib B (NP,K,) | A Jifi 8 A2 (N,PK,) | A it A
(N,P,K,) Ab BEAH b, Ho b 35825 9 e bl 4 0 40 i
ARG N, A5 2N, P, K KSR Bl e i/, 2 5
RS
2.2 REBMRENE THTEREFEREMK

W 3 fi s, 2020 4F Fi1 2021 4F i 95 585 ChE
B ERLEL T R R B 2K 7 AR A B Ry s
F X (N,P,K,) , B CREBC 9 M 135, 7KE . 164. 9 ki ;
SORLEUY 1R 5. 43X10%hm? ., 6. 60x10%/hm?; Tk
53 51 2R 970. 6g. 1014. Og; & 7 43 %Il & 5340. 7 ke/
hm’®,6493. 5 kg/hm®, TRLH 2K i fx = 934 R ik
FE10(N,P,K,) , TR E 4300 R 1274. 5 ¢.1294. 0 g; R
2E 4 77 43 531 & 10 780. 8 kg/hm®, 11 508. 8 kg/hm’,
A EE B A X (N,P,K, ) 2020 4 F1 2021 4F il 75 & 77 &
A3 3 7= 54. 66% .29. 68% ; #H Hb B X (N,PK,) 43
G 67. 57% 42. 65% ; AH HL B8 X (N,P,K,) 73 ]
B 11.20% 17. 47% 5 A5 HE 25 1 X (NGPGK,) 4351 35
72101. 86% .77. 24%.,

2020 4F- F1 2021 4F- 9 $5 5245 1 XA 7= 2 433l
h 53. 32% .62. 82% , Tt DX IH VB 15 A ARG 7 i 4 3
h 69. 60% .85. 86% , BB DX IH VI 17 (1 A X 7 1 43 3]
h 64. 24% . 78. 06% , S 150 DX IH Y A i
}96. 80% .94. 79% , F I K 25 1 K 7 i < Bl IX 7
< BRI < B X, RIIZI R 1
BN T3 AR, R o 2 AR AR A, PR T
WYS SR P P50 B A A0 A A X 8 AN
BRI , 2020 4F-Fl1 2021 47 Gl Dt IR BE 53 510
27.11%.21. 94% , Ui B NEAZE T 95 &2 7 i hofe %5
FLVE T, 2020 451 2021 45 42 JIE X it I AR A7 B 43
B 46. 68% .38. 18% , 15 B A W49 NE & HLEC i T nl
PR RIS G R
2.3 REBHRECHE TRERIF AR
2.3.1 RERATECHET R AE T 6w R4
1, 2020 4 F 2021 4F i A& E R A= 7 1 43 0 ok
39. 76~124. 54 kg/kg .43. 22~129. 46 kg/kg; ImBEAE 4=
77 1 4% B K 23.63~81. 08 ke/kg . 24. 93~81. 01 ke/
ke, M B IE A4 7 7 53 5 A 52.50~164. 01 kg/kg.
67.23~164. 60 kg/kg.
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Table 2 Biomass of C. esculentus under combined application of nitrogen, phosphorus and potassium

i b3 Hii 34y Aerial biomass /(kg/hm?) Hi R 784 ¥ # Ground biomass /(kg/hm?)
Code Treatment 2020 2021 2020 2021
1 NP K, 352.7+9.7f 411.9+£16.2¢ 332.1+16.1g 399.5+15.0e
2 N,P,K, 372.5+15.0ef 495.4+15.0cd 369.3+17.4efg 417.6+10.4ed
3 N,P,K, 435.1+23.1cd 503.44+15.3be 461.3+21.9b 472.3+6.1bc
4 N,P.K, 369.4+16.3ef 434.9+21.1fg 361.8+£10.7fg 404.8+14.7e
5 N,P K, 420.9+29.4cd 480.3+30.3cde 404.6+16.2cdef 467.7+21.9bc
6 N,P.,K, 489.4+18.9ab 530.8+19.0ab 462.6+19.6b 475.7+15.8b
7 N,P,K, 441.8+21.6¢d 476.0£9.3cde 438.0+12.3be 448.7+11.9bed
8 N,P,K, 421.8+34.5¢d 454.2+8.9ef 400.0+24.8cdef 432.5+21.7cdef
9 N,P,K, 422.8+23.4cd 459.6+9.3def 421.8+25.1bed 432.8+28.5¢cde
10 N,P,K, 462.3+13.4bc 467.6+23.2cdef 511.3+24.5a 528.4x13.3a
11 N,P,K, 514.0+19.7a 541.2+18.8a 409.4+30.3cde 419.2+23.0de
12 N,P K, 400.2+25.9de 434.0+31.2fg 372.7+26.6efg 405.7+28.62e
13 N,P,K, 402.9+32.3de 444.4+16.1efg 382.4+18.7def 436.3+32.6bcde
14 N,P K, 424.3+30.6cd 468.4+14.3cdef 407.1+44.6¢de 437.5+32.6bcde
Vi ISR 5 R )N b5 25 534 0.05 B35k F
Note: Values followed by different lowercase letters in the same column are significantly different at 0.05 level
*3 EBIREAETHTERZEFER KM
Table 3 Effects of combined application of nitrogen, phosphorus and potassium on yield and its components of C. esculentus
G pham HyORIEL SURLEL TR K= i

Code Treatment

Grain number of single point

Total grains/(10%/hm?)

Thousand—grain weigh /g

Seed yield /(kg/hm?)

2020 2021 2020 2021 2020 2021 2020 2021
1 NoP.K, 135.7+1.2h 164.9+24.0d 54.3+0.5h 66.0+9.6d 970.6+28.3h 1014.0+30.9h  5340.7+10.7m 6493.5+30.0k
2 N,P,K, 152.3+6.1gh  203.0+20.1bed  60.9+2.4gh  81.2+8.0bc 1092.3+32.3defg 1085.6+20.2fg 6970.5+36.9k  8874.8+46.0h
3 N,P,K,  159.0+14.2fgh  214.0+8.3ab  63.6+5.7fgh  85.6+3.3ab  1273.2+33.0a  1222.0+34.8bc 9105.2+42.9f  9658.9+37.7f
4 N,P K,  171.7+17.2defg 175.6+22.2bcd  68.7+6.9defg  70.2+8.9cd  1100.8+30.7cdef 1159.2+33.4de 6433.6+32.8]  8068.0+37.1j
5 N,P K, 181.0£19.3cdef 193.3+x19.3bed 72.4x2.4cdfe  77.3+7.7bed  1176.7£21.5b  1173.1£21.2cde  8790.6+31.0h  9107.9+32.7g
6 N,P,K, 209.7+20.6b  204.5+11.5bc 83.9+8.3b 81.8+4.6bc  1274.3%18.5a 1262.7+33.8ab 100152+397b  10336.1+28.3b
7 N,P.K, 164.0+9.5efg  173.5£6.2cd  65.6+3.8efg  69.4+2.5cd 1142.9+35.1bed 1019.2+36.1h  8505.1+451 8643.3+27.81
8 N,P,K, 188.0+6.9bcde 194.9+6.9bcd 75.2+2.8bede 77.9+2.8bed  1063.5+33.4efg  1215.3+27.3bc  9695.1x14.5d  9797.6+43.9d
9 N,P,K, 197.3+5.0bed  200.7+3.6bcd  78.9+1.4bed  80.3x1.4bec  1117.9+37.0cde 1269.9+34.6ab 9840.4+£37.6c  9864.3+31.8¢
10 N,P,K, 211.0+13.1b  245.2+35.3a 84.1+2.8b  98.1x14.1a  1274.5+21.0a  1294.0£31.2a 107808 +499a  115088+23.1a
11 N,P,K, 168.7+8.6efg  186.0+15.7bed  67.5+3.4efg  74.4£6.3bed  1050.2+25.2fg 1038.6+31.1gh 8946.6+49.6g 9723.7+25.6e
12 NP K, 186.0+6.6bcdef 203.5+15.0bcd 74.1+2.0bcdef 81.4+6.0bc  1066.1+36.6efg  1127.2+21.8ef  9340.6+32.9e  9709.7+37.8ef
13 N,P,K,  205.7#33.6bc  172.4+30.3cd  82.3x13.4bc 73.0+2.4bcd  1036.3+34.9g  1065.2+32.6gh 6670.2+36.91  8117.5+21.9j
14 N,PK, 243.7£20.6a  244.8+28.9a 97.5+8.3a 97.9+11.5a  1149.0+32.5bc  1198.0+26.0cd 9729.5+35.6d 9721.3+31.2¢

T [ S BUIR 5 AN R /NG B3R 22 535K 0.05 5035 7K 1 5 TR i FDRPRE = 5 14 0 ficf 7

Note: Different lowercase letters in the same column show the significance at 0.05 level; Thousand—grain weigh and yield are both fresh weights

A R 2 22 W 7E NP K, A0 BT e U8 A 7
FIE I3 M 124, 54 kg/kg . 129. 46 kg-kg™, 73548
4B X (N,P,K, ) 45 25 86. 52% . 87. 87% , £ N,P,K, 4b
N R AN A 77 JT AR 53501 39. 76 ke/kg (43, 22
ke/kg; 76 NP K AbHE R A AE 7™ J) B i o0 81. 08
ke/kg. 81. 01 kg/kg, 43 5l 4 4= JE X (N,P,K,) 4 &

94.30% . 88. 09% , 1 N,P,K, 40 P T, i # A 25 7= g
B350 23. 63 kg/kg . 24. 93 kg/kg; 75 N,P,K, Ak H
T AR B A 77 7 B i 43 9 R 164. 01 ke/kg  164. 40
kg/kg, 73 4 AE X (N,P,K, ) 751 96. 51% F190. 87% ,
2020 F12021 4E 43 HI4E N,PK, FI N,P,K A 3T, fis £
REAE 7= 1 51K, 43 3°h 53. 61 F1163. 94 ke/ke .
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2.3.2 RAEATELAEAT R FH R Y HES
AL, PR AR AUIE AR 2 R AR 3 7E N PLK AR BT £y
A5 &0 B2, 0k 28. 46 ke/
kg 10. 46 kg/kg, 7 N,P,K, 4b BT Hcfik , 43971 4 8. 78
kg/kg. 3. 77 kglkg; 2020 4F W AL A 2% F) H 20 R AE
NP K, A PR £ 57, M 19. 64 kg/kg, 2021 4R 7E N,P,K,
AR B 5, M 8. 67 kelkg, MIAE7E N,P,K, A B R
B, 20 5 °h 5. 75 kglkg . 1. 60 kg/kg., 44 IE 4
2RI F 2% R 76 NLPK A B R e i, 43 51 R 6. 03
kg/kg. 9. 51 kg/kg, 4 N,P,K, Ab BEF &A%, 43 5 K
2. 42 kg/kg. 1. 11 kg/kg,

2.4 FEEHIEREIERL
2.4.1 BRATREHE R AT ROK-F e s Qi 1 R,
MEIE Sy K 7KF B FEAR AN KT 4R 2
IRl Y5 w7 ek B A R e O BG Im REAR , 4
B 77 235. 4 kg/hm® ., 50. 8 kg/hm?, I 7™ 5 43 5]
3.00% 0. 52% ; £ & (N,) K - F il 75 57 4 B it
e = Y 3G I g ¥G o, A3 i 3 77 1224, 6kg/hm’
1228. 2 kg/hm?, 347 543 514 14. 00% . 13. 48%,
AL Ry P KEBT, FEARAU(N,) L AU(N,) K-
T, PRAE R 2 2 B A I U B e B R 4 S 1 B
T 54410, 2020 43 51 48 7= 2435. 0 kg/hm*(N,) . 174. 8
kg/hm® (N,) , 34 7= 3 53 51| 24 37. 00% (N,) . 2. 00%

x4 AEHEEXHEE S BIRNE

Table 4 Effects of different fertilization on partial factor productivity

{4z 7= 71 Partial factor productivity /(kg/kg)

iy Ak 3
Code Treatment N P:0s 0
2020 2021 2020 2021 2020 2021

1 NPK, / / / / / /
2 NoP,K, / / 29.04+0.15j 36.98+0.19g 58.09+0.31k 73.96+0.38h
3 N,PK, 121.40+0.57h 128.79+0.50b 37.94+0.18h 40.25+0.16f 75.88+0.36f 80.49+0.31e
4 N,P.K, 42.89+0.22j 53.79+0.25k / / 53.61x0.211 67.23+0.31i
5 N,P K, 58.60+0.21h 60.72+0.22i 73.26+0.26¢ 75.90+0.27b 73.26+0.26h 75.89+0.271
6 N,P,K, 66.77+0.26e 68.91+0.19¢ 41.73+0.17e 43.07+0.12 83.46+0.33d 86.13+0.24d
7 N,P.K, 56.70+0.30i 59.84+0.07j 23.63+0.131 24.93+0.03i 70.88+0.38i 74.80+0.08g
8 N,P,K, 64.63+0.10g 65.32+0.29g 40.40+0.06g 40.82+0.18e / /
9 N,P,K, 65.60+0.25f 65.76+0.21f 41.00+0.16f 41.10+0.13e 164.01£0.63a 164.40+0.53a
10 N,P,K, 71.87+0.33d 76.73+0.15d 44.92+0.21d 47.95+0.10¢ 59.89+0.28; 63.94+0.13j
11 N,P,K, 39.76+0.22k 43.22+0.111 37.28+0.21i 40.51£0.11f 74.55+0.41¢ 81.03+0.21e
12 N,PK, 124.54+0.44a 129.46+0.50a 77.84+0.27h 80.91+0.31a 77.84+0.27e 80.91+0.31e
13 N,PK, 88.94+0.49¢ 108.23+0.29¢ 27.79+0.15k 33.82+0.09h 111.17+0.09¢ 135.29+0.36¢
14 N,P K, 64.86+0.24¢ 64.80+0.21h 81.08+0.30a 81.01+0.26a 162.16+0.26b 162.02+0.52b

TE - RISV EHIR IS A RN R 5R 22 571K 0.05 B35 KK

Note: Values followed by different lowercase letters in the same column are significantly different at 0.05level

Interaction of phosphorus and potassium

E1

2020 NI N2 12(2)8(2)1_ NI N2
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Fig.1 Effect of different P and K on N fertilizer
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Table 5 Effects of different fertilization on agronomic efficiency
A2 FI R Agronomic efficiency /(kg/kg)
P b
Code Treatment N 105 &0
2020 2021 2020 2021 2020 2021

1 NP K, / / / / / /

2 N,P.K, / / / / / /

3 N,P,K, 28.46+0.92a 10.46+1.11a / / / /

4 N,P K, / / / / / /

5 NP K, / / 19.64+0.46a 8.67+0.37h / /

6 N,P,K, 20.30+0.50b 9.74+0.16b 14.92+0.27h 9.45+0.11a 2.67+0.21b 4.49+0.38b
7 N,P.K, / / 5.75+0.18¢ 1.60+0.03¢ / /

8 N,P,K, / / / /

9 N,P.K, / / / / 2.42+0.44h 1.1121.26¢
10 N,P,K, / / / / 6.03+0.36¢ 9.51+0.36a
11 N,P,K, 8.78+0.36¢ 3.77+0.36¢ / / / /

12 NP K, / / / / / /

13 N,PK, / / / / / /

14 NP K, / / / / / /

TE : RISV S A Rl INE FRER R 22 57 1 0.05 5 KK

Note: Values followed by different lowercase letters in the same column are significantly different at 0.05level

(N,) 52021 43 54 7 1541. 4 ke/hm>(N,) .471. 8 ke/
hm?® (N,) , 34772350514 18. 99% (N, ) \4. 78%(N,) .
PRI AT D, FE AR A B KR A R T IRA
NESCR 1Y K 15, 76 TP g AR A KO R B AU R
R . 25575 08 FE i AR R BT
i, I AE PR R B KO R A R T AR R
R EAE
2.4.2 RATREHE RN ATEEK-F e A s QN 2 R,
4B it FH R K KT B PR AR BOHE 1 R 7 AR
(P) 7K I 90 ™ Sk I A it 20 F P 85 i A1
23 W87 550. 0 kg/hm®, 601. 9 kg/hm?, I8 7= Z& 53 |

4 6.00% .6. 20% ; P A4 14 7= 78 v g (P) K
IR S B A it A AN 0, 4 5 3
7 910.0 kg/hm?®, 677. 1 kg/hm?®, 4 7= & 43 51 K
10. 00%.7. 01%.

4 B it R N, 7K1, ZE AR (P, ) /K SF R
v L W R R B 0T R A, 43 e
938. 9 kg/hm’,613. 4 kg/hm?, W 7= 3R 53 51 4 9. 65%
6. 31%; 16 i (P,) K P, T 5™ o i 45 it 0 o
B HE I R0, B 7= 174, 8 kg/hm® 471, 8 kg/hm?, 4
FERN 1. 78% 4. 78%.

PR AT L 78 i A AR AT AR IE S5CR

2020 1Pl AP 2021 1P EZA P2
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& e
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Fig. 2 Effect of different N and K on P fertilizer



374 v EHRHED AR

2023,45(2)

MR, TEPRMPHKET AR TR 8er
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B (K,) 7K T T A7 500 147 300 s Y 08 ™ e it 2 o
(4 184 o1 T B4 A0, 2020 4 43 ) 38 72 3170, 3 kg/hm?,
910. 0 kg/hm®, 34 7 2853 3| ok 47. 53% . 10. 00%; 2021
AE3 W3 77 1746. 7 kg/hm®,677. 1 kg/hm?, 1 77 Z 43
W21, 52% 7. 01% . S ANEHE 2 N2 7K-F- i, il
Y AR (K,) P8 (K,) K, AR BE 1Y
873 H 0 2 A S 1 T 38 o, 2020 44y
S5 110. 9 kg/hm®, 1224, 6 kg/hm?, 54 77 3843 51y
1. 14% . 13.93%; 2021 4 43 5] 3 7 143.0 kg/hm®.
1228. 2 kg/hm? 372K 500 1. 47% 13. 49%. 1EH
B BRI N U S i e T E KR U
HIAE AN B KT T A R TR IERCR I R
2.5 BERIRERN SR

XFNLPK = R ST 77 8 1 = 0 IR
AU VA GE 11534, 8 S AR AL RN PR BB AL, Ho g 31
mk 6 i, WERPAIE N, WA N.P.K =J0
UL} bR Bl 3 2ot [m] )9 )7 R 0 2 MEAG 3y, 45 5 I )
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Fig. 3 Effect of different N and P on K fertilizer
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Table 6 Fitting equation of fertilizer effect function

GO WA I

Year Fitting equation

RZ

Ve NP0/ K0/
Scheme (kg) (kg) (kg)

FeR B
Seed yield /(kg/hm?*)

R A AL A

y=5306.32+58.08x,-9.79x,+13.63x,~ o ) ) 151.7 1953 102.4 9454.5
N N : Fertilization ratio of production peak
2020 0.13x,>-0.07x,"+0.09x,”+0.13x,;x,—~  0.99 o s
: ) ST A AL AC L
0.43x x,+ 0.17xx, 142.8 179.7 101.8 9444.6
i ’ Optimum fertilization ratio for economic yield
e AL e
y=6483.70+31.79x,+4.56x,-0.27x,~ o ) ) 1740 192.0 959 9674.8
, - Fertilization ratio of production peak
2021 O.OSXI“—0.05x22+O. 1 3x32+0.04x1x2— 0.96 S
L IRAE R AL AL L
0.23x,x,+0.08x,x; 164.1 1785 955 9659.1

Optimum fertilization ratio for economic yield

Ao R AR EEILE R = KE TR
JCER22 AT DL S 5 AR A 1 B AR 2 A B A
FEMERE G Z B R 2, I &g MR 49 VE Y G e
Hodr &R AR B & ST ER AT Gk 40%~
509401, 1T I YA 5L B ZE P A B TR ORLEL L R
7 HSCRN Tz T 22 () A 2 A, HG v T B e e )
B T, PRI SR ) I BN e, AR
WS PR ECE B/ NP, K AR B R I 95 & Tk i 2%
T HCE AT 2021 4F N,P,K, A FH R B ORI,
BB B S T H AR, &K FHENPK A BT
WMYR G B m T, TR TR A
Jit A B T3 b v SRR g B TE R R
Wy 5 1 AR R DT N I v TR R 4 R
i 2 B R LA B I AE K, M v G
PR pe i AR, X S PMESE , 2208 22 48 R 5T 1 it
MO R — 3 AfE R & LA 225, T RE &
T P52 b A SR A AN TR 1 R o
LV 0 2 X W A P AR R R R MR S A
e — Y L IS S N, T
R, X 75 A A f0SE AT A AR R B 5 o
FAERoa,

3.3 RBESRAFEXTERLF AR AR

JEFE A1) 23 2 A e AT e it P 2 5 A P ) — 0
HEARAR . T ELIE R HBORAC, (AR 5 Fp a5 R
G, IR BN AT, BERR B SR HEAR AN T o
FERY) - 1 EE AR J A 30%~50%, Hoax
() RS 430 BRI O FUBE /LT B 2k T i DU PR Oy 2%
Gy 5 e () BRI RS R R 8 R IR Ak A U
VPR AL A P w11 52 e R L BT LA A A 1 %
T, B 39%~25%. BT DLE AR B i 4
W B, AN ik R 45 BR e g L iy AR I A
] R AR 50% . PRI, 3R E AR AR AR TR 9
A5 2R B 1k 300 2428 AR TP, Dobermann®!

R R A B 75 43 ARG TR I 2R3 A
AR AEY BIERCRE H bR E R BIEF 24 30%~
50%.

AR WILE BRI A B HACE TR A B
BRIE 04 s 26 77 07, B 43 ) RE 3K B 129. 46 kelkg .
81. 08 kg/kg . 164. 40 kg/kg; 1M 7£ 55 = 7K F T & W
BRSO A 7 ) ENAE BT R B T AR 2 R AR
R BARAKOT T A R RSB A8, B e AT ik
) 28. 46 kg/kg . 19. 64 ke/kg T HH7E & KT T 42
FHRCR B, 1135 9. 51 kgrkg, Ui B A 5236 rh il 95
GHCEX AR R R R . AL BE IS Y i
FAAEAREE 53 AR G IR 2% , BAR 7 B 15 20 $2 H(H fig
A7 T G AR AR A 1 2 AR, R W IR 2 ) it
A FHEAT AR TR B, BEAERIE R ™ =
AN TR AT 1SRRG, LA
JEASL A 2R, 53k b5 7 T8 Hp AEROE HY S o 9 A0 A D,
Jiti BE AT R i AR A Ml A 7= 3505, D/ FE R 2%
&5 —8. AEREREA P BA —E N
TSR 32
3.4 FEERED b BT AL MY B AE SN B B

FE ) B TR B 2 R 2L [m e Ho g 3
JCERTE LI ——AHY) RGN A BAE I B A
Vg SR IC R M 35 5 A B AE 4 v I A A LA
SRR RS AR R, 74— &0, WA
o 2 AR TU R S A A BN /N T B e AT
2 HBUN AN, BIRE )7 53 B Z R TR 58 HAR I G
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HRE R R KO B e R R B IR R &
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N KK R 3k T 3k #1085 s i e e B Be— 807, Ay
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