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Study on the Effects and Amounts of Combined Application of Nitrogen, Phos-
phorus and Potassium Fertilizers for Spring Soybean in Southern China
CHEN Huai-zhu, YANG Shou-zhen, TANG Xiang-min, SUN Zu-dong, ZENG Wei-ying, CAl Zhao-yan, LAI

Zhen-guang

(Cash Crops Research Institute, Guangxi Academy of Agricultural Sciences, Nanning 530007, China)

Abstract: To find out the appropriate amount of fertilizer for spring soybean production in South China, we carried out the
study on the effects of combined application of N, P and K fertilizers and recommended fertilizers amount according to the
‘3414’ fertilizer experiment design using Guichundou 106 as material. The results showed that: (1) Nitrogen, phosphorus
and potassium fertilizers could significantly increase the yield of spring soybean in South China. The yield increasing effect was
P>N>K. Interaction effect also existed between nitrogen, phosphorus and potassium. The interaction effect of these three
fertilizers on soybean yield was NP > PK > NK. (2) The model optimal analysis showed that it is reasonable and feasible to
make the fertilization decision by using the three element fertilizer function model. The recommended fertilization amount was
obtained through the regression model. The maximum soybean yield could be reached when N, P,0O5 and K,O were applied
with 80. 6, 21. 6 and 58. 4 kg+hm > respectively. The optimum economic yield could be achieved when N, P,0, and K,0
were applied with 75.5, 21.3, 54. 1 kg-hm > respectively. These results provide guidance for the rational fertilization of

spring soybean in South China, and provide the basis for the establishment of fertilization index system in the future.
Keywords: Spring soybean; “3414” fertilizer experiment; Fertilizer model; Yield; Fertilization
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1.1

x1 HiXEARMETEERLEER
Table 1 Basic physical and chemical properties of top soils of the fields in the experiment

i LR ING S KR U U
v pH Organic matter Hydrolysable N Available P Available K

ar

’ /(gkg™) /(mg-kg™") /(mg-kg™) /(mg-kg ™)
2015 5.6 13.9 83.0 18.0 128.0
2016 5.7 12.5 82.0 16.5 130.0

1.2 ## “34147 T NE G T 58 BOR B VB 3 AN ER L4 K

KGR 106, 1% M Ah 2015 @

PEAAED) dh P 7E 2% DA

2 E, FHEARR (T

AL T A BRA 7], N=46.4% ) , BEAE A i wf

R4S (== /== R AL BrAk T Bt A FR A &), P05 =
44% ) PR A AL (R AL L K,0=60% ) .
1.3 RIgi%it

SR FHAR DB € 4= B2 77 7t AR % AR RV ) 47 1
£2 “UATRBHE

(0 ~3),0 KPR AHEAL AL BE 2 7Ky 24 3 > 5t
JEAE HE, 1 7K P2 2 7P it JE S ek > (il o it AES 7K
) L3 KR 2 AKAEREAR R 1.5 RS (s AR K
) 3 14 ANRIGAEH IR/ X AL 20 m?, A/
X 20 47,47K 2.5 m, FEHLIX HHED),3 IRERE . iR
905 R MR & WL 2,

Table 2 “3414” experimental program /(kg-hm™?)

s Qb3 Jifi A & Application amount

No. Treatment N P, 05 K,0
1 NoPy Ky 0 0 0
2 NoP, K, 0 18.8 46.9
3 N, P, K, 37.5 18.8 46.9
4 N, Py K, 75.0 0 46.9
5 N,P,K, 75.0 9.4 46.9
6 N, P, K, 75.0 18. 8 46.9
7 N,P;K, 75.0 28.1 46.9
8 N, P, K, 75.0 18.8 0
9 N, P, K, 75.0 18. 8 23.4
10 N, P, K, 75.0 18.8 70.3
11 N;P, K, 112.5 18.8 46.9
12 N,P, K, 75.0 9.4 23.4
13 N, P, K, 37.5 18.8 23.4
14 N, P, K, 37.5 9.4 46.9

2015 453 A 12 HEEFR,6 A 26 H sl 2k ;
2016 43 15 H#EAP,7 A 1 HEEWOE. 2 41
RIS, ATIE 0.4 m, X 0. 17 m, &7 2 #E,

RIS 2. 4 J7dk - hm ™7 5 A/ X He g 8 7
FTRGEA , vk Bl A0 4 0 2018 , 2600 40% 1 2
Jii,60% FE R L IF AL LS A b L AR T . X5
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1.6 J&; bR E Tl 63.1 ~ 66. 3 A, 435l Lk A it 2
SEFRIEAN 0.4 ~3. 6 Fi; FRARKIEH 9.0 ~11.0 g, 43
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Table 3 Comparison of soybean agronomic traits in treatments

ETe Jb 3 73 AR FARRIERL BARRRIEL L7 A

No. Treatment Plant height /cm Effective branch Pods per plant Seeds per plant Yield per plant/g
1 NoPy K, 47.0 eD 1.5 eE 28.5 gF 62.7 eF 8.2dC
2 NoP, K, 47.1 eD 1.6 eE 29.0 fEF 63.1 deDEF 9.0 cdBC
3 N, P, K, 47.5 eD 1.7 edD 29.4 deCDE 63.6 ¢dBCDE 9.8 bcAB
4 N,P,K, 47.8 eCD 1.8 ¢CD 29.2 efDE 63. 6 ¢dBCDE 9.5 beBC
5 N, P K, 47.8 eCD 1.8 ¢CD 29.6 cdeBCD 63.2 deDEF 9.6 beBC
6 N,P, K, 49.8 ¢B 1.9 becAB 29. 8 bedBCD 63.1 deDEF 9.8 bcAB
7 N, P;K, 49.8 B 1.8 ¢CD 30.1 bAB 63.0 fdeE 9.4 beBC
8 N,P,K, 48.7 dC 1.8 ¢CD 30.0 bABC 63.3 deDEF 10. 0 beAB
9 N, P,K, 51.0 bA 2.0 aA 30.5 aA 66.3 aA 11.0 aA
10 N, P,K; 49.9 ¢B 1.9 abAB 29.9 beBC 63.9 beBCD 9.9 abcAB
11 N;P,K, 51.7 aA 1.8 ¢CD 29. 3 efDE 63. 6 ¢dBCDE 9.4 beBC
12 N, P, K, 47.3 eD 1.8 ¢CD 29. 8 bedBCD 64.3 bB 9.9 abcAB
13 N, P, K, 47.7 eD 1.7 edD 30. 0 bcABC 64. 1 beBC 10. 1 abAB
14 N, P K, 47.3 eD 1.8 ¢CD 29.3 efDE 63.4 dCDEF 9.6 beBC

ARG F-BE3 5 FR A R AL BRI AE 0. 01 F1 0. 05 AKF22 57 2 . Tl

Different capital and lowercase indicate significant differences between different treatments at 0. 01 and 0. 05 level, respectively. The same below.
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Table 4 Comparison of soybean yield and profit in treatments

G Ak e HE 7 H A B EAED  KRE R LERORERIE
Total income
Average yield Yield increment Yield increment Total fertilizer cost Net income
No. Treatment of soybean
/(kg+hm?) /(kg-hm~=?%) rate/ % /(yuan-hm~?) /(yuan+hm~?)
/(yuan-hm~?)
1 NoPo K, 2416.3 eE - - - 16914. 4 16914. 4
2 Ny P, K, 2631.6 deCDE 215.2 8.9 417.2 18421.2 18004. 0
3 N, P,K, 3109. 5 abcAB 693.2 28.7 634.7 21766. 5 21131.8
4 N, Py K, 2587.9 deDE 171.6 7.1 683.4 18115.4 17432.0
5 N, P, K, 3162.0 abAB 745.6 30.9 767.8 22133.9 21366. 1
6 N, P, K, 3281.5 aA 865. 2 35.8 852.2 22970. 8 22118.6
7 N, P;K, 3182.7 abAB 766. 4 31.7 936. 6 22279.0 21342.5
8 N, P, K, 2830. 4 ¢dBCD 414.0 17.1 603. 8 19812. 6 19208. 8
9 N, P, K, 3107. 7 abcAB 691.3 28.6 727.8 21753.9 21026. 1
10 N, P,K; 3220.9 abAB 804. 6 33.3 976. 4 22546. 3 21569.9
11 N; P, K, 3071. 4 abcAB 655.0 27.1 1069. 7 21499.7 20430.0
12 N, P, K, 2972. 6 beABC 556.2 23.0 643. 4 20808. 0 20164. 6
13 N, P,K, 3016.9 abcAB 600. 6 24.9 510.3 21118.3 20608. 0
14 N, P, K, 3011.7 abcAB 595.3 24.6 550.3 21081. 8 20531.5

R WEiE 3 AETHHEESN, KOH
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TEAD) o MEAE AL AP A X i 25 S 17 432..0 ~
22 118. 6JC-hm >, 73 1] FC A it A &b B8 i 517. 6 ~
5204. 276 -hm ~* 5t A A BRAE X4 25 2 TR
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8.415 0X, +31.900 8X, +6.621 9X, +0.300 4X,X,

+0. 075 3X,X; +0.244 2X, X, +2 411. 183 (1)

A VAR E B X X, X R Ny
P,05 K, O Jti HE (R ) o

X D7 REEAT 0 B PR, e =39. 581 6 > F 5
=0.001 5, Ry =0.988 9, 7 &k 5 jifi AL it =2 ] A7 12
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OGO IE AT A MU B0t , D7 R L5 18 o
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51450. 300 4 ,0. 075 3.,0. 244 2., 3 4% 7 I H AR 5% B
SOE SNy SV ERE VS S E NS RUR (2 SVES
S8, Uk B A A FH S, 55 R/ - I SR >
FNE RN > BRAE RO, R TR > BB
VERLRL > RAR G ARRLY o
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~0.2394,1A21 =0.691 0, 1A31 = -0.209 1, %%k
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Fig. 1 Effect of N fertilizer on yield increase
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Fig. 2 Effect of P fertilizer on yield increase
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Fig. 3 Effect of K fertilizer on yield increase
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1 KSR 22 it S i o A DR A I 3 7 i e 3k =
Sy (N AU AR I A R AE 725 kg - hm ™ )5, BEAE
FRII KA 19. 4 kg-hm ™5, S AR K AH 53. 8
kghm “J5) AT UL, 040 A 35 Sk e FH AT LA fin oK
L A e B R A R, X T RE S 2
HESE R T 25 AT OG0 MAE )™ B i 3l 5 A] LU
i, i AL J5 7 i T R LABRAE (P05 ) e, A
JE(N) Rz, BE (K, 0) 318
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B
FUE(N) it F &R 72,5 kg - hm ™ Bisf 2K 51 F 300 45

R, 3 270.9 kg-hm 2+ R 71,3 kg-hm ™’

ik S WU B e 5 = 8, M3 270. 7 kg-hm ™,

AR (P, 05 ) jfi 47 19. 4 kg -hm ~ B SI T
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ISBI B RAE L P = i, N 3 316. 0 kg-hm ™2,

BB (K, 0) jti A 53. 8 kg -hm ™ 34 51 Fi i i
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SBI B AR 2 T P i, N3 270. 7 kg-hm 2
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Table 5 Theoretical yield variation and increase ( decrease) yield momentary rate

for single factor effect model of N, P, K (kg-hm )
ks IKF- Levels R AE
Factor 0 1 2 3 Maximal value
N Jifi I Fertilizer amount 0 37.5 75.0 112.5 72.5
Hi5 77 Theoretical yield 2627. 8 3120.9 3270. 1 3157.6 3270.9
[BEst 13 % Momentary rate 17.7 8.6 -0.6 -9.8
P, 04 Jiti 4 Fertilizer amount 0 9.4 18.8 28.1 19. 4
HiE 7= & Theoretical yield 2599.5 3127.2 3316.5 3170.7 3317.1
%t 3 % Momentary rate 74.1 40. 1 6.0 -28.1
K,0 Jiti 84 Fertilizer amount 0 23.4 46.9 70.3 53.8
Hi 7= & Theoretical yield 2823.9 3127.2 3239.0 3227.6 3269. 5
&t # 2% Momentary rate 16.6 9.4 2.2 -5.0

2.3.3 DL RAERCEEA FEUEATRUBE A AT K
L I TR, pR B 3 AT I 3 ) A B
4 ~10 F12(N BELE 2 K, 47T B IE 5 LAl
AR IR G I A 2 3 .68 ~ 11 F1 13(P
BETE 2 K ), oEAT B 0 8 o At b % 2804 A
PG A EE 2 3.4.5.6.7 11 F1 14 (K [& € 7E 2
AKF) | #EATHIE IS B LA L r) BB RGN G, v
ST RSN AR BT R P A T IR R
N PRI
Y= -1.7897X; -0.178 9X> +68.950 7 X, +
18.077 2X, +0. 025 5X,X, +2151.957 9 (5)
Y= -0.199 1X; —0.152 4X; +15.277 5X, +
13. 156 2X, +0. 043 8X X, +2348. 695 9 (6)
Y= -0.1313X; - 1.8182X; +2.671 3X, +
6.392 5X, +0.862 1X,X, +3142. 668 9 (7)
XTRE(S) . (6) (7) FEAT /M, 15 Fr =
24.4932 > F,,s =0.0397 R}, =0.9839, F, =
144.696 9 > F, s =0.006 9 R, =0.997 2, F,, =
38.302 7 >F, s =0.025 6,Ry, =0.989 7, K& /=&
RS2 =l T = 00 =l T = 0 3 =
Z A1 2 1 H 5C 2, Hofm 215 R A8 18 3]
FOK-, BTSN | UE | WA HL AR X R R
FEAE R 53X 3 AN R R IR R R, — I

TR B R TE 76 MR I 8 el , R 4G Bl
Ui AR E AN TR, Mg E X
KFZ, A J7FE Ry B bR 25, Ty FE 35948 B R AR, %)
TR, BRAS fe i i IE i S K TR R T R A
PR A A A AL K- (0 ~ 3) R G B 7 5 1 T
*6,

MR 6 Al BB AC B3N, 7E B fE S Al
b RO i b A W I e S A G i G, 7E
2 JKFAN 3 K2 I8, 24 EAE (P,05) 7 19.6 kg-hm ™2,
BIAE(K,0) K 51.9 kg-hm i}, K7 1k £ 5ok
3 482.6 kg-hm ™, Fifi 5 it 25 i I 8k A1) 4k 2484 oK o
FEE RO, RIS TH R R R, A E
RO U AE EL AR, N 2 30 L 5 e B A8 B 0N AH AR
RS T, TEBR AL Al b AU (N) R0 ~
74.0 kg-hm > #f(K,0) & 0 ~53. 8kg-hm ~* i &
rh, R e B A it AT 1 %) S 0 T, Gk B R
PR3 268. 1 kg-hm ™, bl f5 [ 25t A 45 14 4k 5 38 o
M/ s Je o, 7 A0 I & 2Ll B i AUIE(N) 2 0
~71.9 kg-hm > BB (P,0,) } 0 ~18. 8 kg-hm ~*
SR, KR B it E S A 3 i i, Gk #)
T K= 13 298. 8 kg-hm bl f5 i 25 i A 12k 1) 4k 48
e
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Table 6 Two factors fertilizer amount and theoretical soybean yield (kg-hm ™)
HT IKF Levels Bk
Factor 0 1 2 3 Maximal value
fihti & (P, 05, K, 0)
PK (0,0) (9.4,23.4) (18.8,46.9) (28.1,70.3) (19.6,51.9)
Fertilizer amount( P,05,K,0)
PSR Sty -y
2336.4 3157.1 3477.0 3297.9 3482. 6
Theoretical soybean yield
At (N,K,0)
NK (0,0) (37.5,23.4) (75,46.9) (112.5,70.3) (74.0,53.8)
Fertilizer amount(N,K,0)
PNIER. Ny oy
2348.7 3017.0 3260. 4 3078.2 3268. 1
Theoretical soybean yield
JEAL i (N, P, 05)
NP (0,0) (37.5,9.4) (75,18.8) (112.5,28.1) (71.9,18.8)
Fertilizer amount(N,P,05)
KT IER bt
3142.7 3235.5 3297.6 3250.7 3298.8

Theoretical soybean yield

DLt B i £ 45 T i B A Jt ) 353 — e e gt
RN PR B R 2 DR IR

HHE(S) B2 Tt N0 & A0 (P,05) 4 19. 4
kg-hm * HAE(K,0) H 48.2 kg-hm ~, Hil e fE 4
B nl iA3 480. 1 kg-hm 2,

FHE(6) : Fe L il i A8 (N) 2 68.0
kg-hm 7 FAE(K,0) H 48.6 kg-hm ~, HilA e fE4
Vel 43 261.0 kg-hm 2,

TrRE(7) « e A4 Uit IE B /B (N) Sk 47.9

kg-hm 7 @AE(P,05) # 12.9 kg-hm >, il EZ
Berm i ik3 282. 0 kg-hm 2,
2.3.4 A ARH  HHEIRENEBERL AR,
DL ST 9 3 28 7 i pR SRR 7Y 35 R e TR AR 16 i AT
S ) ] G 2R, 45 A5 B 3 A5 A 0 ARk i T 32 sk
Ry BRSO, PR, AT AR KR, A R HAT R I HE R
J Al UL R 7

xR BERIEBMEREFNEEEN~E

Table 7 Fertilizer amount and yield of various fertilizer function models (kg-hm )
%15 Maximum 2% Economic
PRI A it A i A
s i
Function type Fertilizer amounts Fertilizer amounts
Yield Yield
N P,05 K,0 N P,05 K,0

(1)NPK 80. 6 21.6 58.4 3290.9 75.5 21.3 54.1 3287.2
(2)N 72.5 18.8 46.9 3270.9 71.3 18.8 46.9 3270.7
(3)pP 75.0 19.4 46.9 3317.1 75.0 18.6 46.9 3316.0
(4)K 75.0 18.8 53.8 3270.9 75.0 18.8 52.5 3269.2
(5)PK 75.0 19.6 51.9 3482.6 75.0 19.4 48.2 3480. 1
(6)NK 74.0 18.8 53.8 3268. 1 68.0 18.8 48.6 3261.0
(7)NP 71.9 18.8 46.9 3298.8 47.9 12.9 46.9 3282.0

FAPR AL P ) T R H 2 K PR B R g — DR 2 K

Another factor in the single factor model and two factors model was taken as the level 2.

HIZR 7 WA 75 3 B rp  — ST AL AL R B
TR 0 I 285 R RS 1 5 ) e vy i I e D e £
LML PR T = o AE R R B T JRUA,
—JCHE AL PRECRE Y | 50 A 280 R ORS00 S 2 B
55 2 JKPOh TRERY B A ) AL B S Y, 3R
5 M 6 AL, 2 7K IFAS 2t AL B R AR, i 26 2

KATEA R T BT, I, 5 IR M5 — &R
2 KPS ST ) — TT AL AL PR BB R T
HEZ pR RS A HH A it A 7 e 22 /D 7 7 i 22
TE = JCHERLA & B H oA ST o B 1 00 1, R
= TC A PR BRI Al e A e SR R 5 PR AT AT Y o
TEIX — il A PR SRT , foe g P i A e ZIE (N)



124 K R 1

80.6 kg - hm ™, B i (P,0,) & 21.6 kg - hm ™, £
JE(K,0) Fy 58.4 kghm ™ L5 P= it A i : AU
(N)}75.5 kg-hm > | #AE(P,0,) 2 21. 3 kg+hm ™ 4
fE(K,0)H 54. 1 kg-hm ?,

3 Zig5itie

RERHERKE B Z it MRS 7 U FAEH
AT i DX it FAS ] 5 R AR 52 K 5 A it R R, 4536
A—3, IMRETED TE BT A B IR, A
AR A Xt R 1 7= e A 8 e R AR > A > 4
HEL, SRUIE SR 7 R A (3 S R R (P =0) , J& 5
KGR E R H T BILE 0. 10 /KF LA W&
(P =0.09), &0 AE 0] X3 7= 1 JC i & 52 W (P =
0.48) o BLFFAE" (T 52 00 3 1, P-4 vt IS %o 2L
TIAE KPR Ak ST M (XK 57 A W I 5
YER, OPT ( i [ BrAB 48 3 0F 5 B AL st Jp i b xef +
Hbfa R 355 00 o Rk 5 B bR i ik A 2
AHER A ) b CK (AN AR ) SF 2 7= 5 2 7
10.7% ~25.5% , §RA3XF 7=t gl =5 i g K, Sl 08T
7 AN [ b DX ) AN — 50, Bl Xof 7 e U AR 5
W/ e FBEEP TR IR T 5 9T TR, AT
FE ot A S 0 7 Ak g RUIE > SR > B, U AR =2 )
X R R R B IR A8 AR, VAR 2 ) 2 £ 58
HAE, W 2 M ANAFAE S AR o

ARG 25 5 2 B« G0l B TR i T R S AR
IR IEE R ECRURE ., AN [ R R oK 2 A
PG 28 3kt i A Ak B BU AN i I Ak P 357 77 4R
7. 1% ~35.8% , V- Y5 A X v I 45 384 517. 6 ~
5204.2 JG-hm 2 EHEHTIE = K R4 K S 080 A
FRNIRA EAERNL, R KN A8 > & > 81,
FAERUN K/ AR > B > ZU; BH ZRRLN
BB, 0T 7= i P4y Bt o R W L E R it A S 1 3
TITTRE AN, 38 30 85 K 7= s I 5 it JES 114 44k 52 348 o
gD, EISETHE B R 3, 3 b TR i) 18 7= i 2
e O KPRt d5e e, i 5 it ISk ) 348 444 7 3ok 2R 2 3%
WK, LLBERE (P,04) 18 5= 3 R R R K, AR
(N)KZ, B (K, 0) fie/hy s Z R R BAERON 73 #7 2%
IR S AT 2 IS AN 2 L AN
P A U VR B R A S 1 14
RGN, 38 38 R 7= e e i o5 ot S 2 1 4 252 484 o
W RIETH R R R 7R AR A0 I,
ABIF 5T 25 SRR WO T R 3 7 e O e K, X 5 b
5 RGP X R i A 0 L e A A A VA O e K R
77 U i R B 45 R R — B X AT B S AR
X - SR A (3L 7 3 AR AR Wl R R R A

KW ELF N F A, T8 BARRON J5 18, A5
RN IL Z (8] A7 77 0 B AR, R0 9 0 2000 o A
L5 FIRE B G A 25, X ] RE S IK
Jr A DX 5 - LR AR TR A K

ARG T, s 6 R AN L AT AT,
HEm TR A ) M L, AR R T A e A A, AU
(N) 4 80.6 kg+hm > BAE(P,05) H 21. 6 kg-hm > 4
JE(K,0) 2} 58.4 kg+hm >, i AT L 451 N: P,0,: K,0
R 3.T:10:2. 7 s AR B e i It &, FJIE (N) 28
75.5 kg-hm > @ AE (P,05) Jy 21.3 kg-hm >, £ i
(K,0) 4 54.1 kg-hm ™ Jifi Il .51 N: P,05: K,0 2y
3.5:1.0:2. 5, FESEBRA = it I 1 1 22 /D PR AN [
Hi 37K [R] it A 288 BT AN [, 48 T AR i 56 1 b 3
A R, 72 LUJG 9 T AE ik 75 & X AN ] X
W M A5 S AR E— 25 T R R, AR AT TN 4 1 1Y
R FH S EOE A A = SRR 55 o

S 3k
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