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B LR ALRE ) R H = Z R G R /MR R 1.3 MERRREFTE
T 0% U 0 S e M RO I R BOR BR B R4 1,301 R ER G H & 3% Prior %5 M
HEIRIB AR Korus 255 )5 4l & 4B . — 20 CIRFER .
1 M5 1 3.2 %a%ﬁﬂ)jni%h\%iﬁ'li :}% {ia %_“”Z
o P T HRIVERRE LR A il v A R B R 5
11 R34 SR T
DLROA T 2% 7 R85 Ao e R 1.3.3  E®BmAEZoHME R (Folin-
MR FERE A MR LR R BAERER N . 5 Ciocaltew 3kl E ., &% Xu 57 Fik, ARG
T 0~20 cm +JE pH 8. 25, MK 6. 59  FERMIMEARMEML . AR T S BT B LR
mg + kg 'L A BE 15. 52 mg - kg 'L A AL BTRRIT.
4.7 g+ kg T RITEEY N BET 1.3.4  RpeFmEr#ME R pH R%E
1.2 Rt HEIE ., 2% Jeng U0 J5 . FES T EAE A
IR B 2 DR (SR X MBEIRES B B R 45 -3 A B it
JEAFED 4 K, 4 N 451 0,.90,180.270  1.3.5  « OH iFmAEm &% Li %P 5k,
kg + hm™ %, 4fi P,O; 43 5 & 0. 180, 360, 540 1.3.6 O FWAEA  Z% Beauchamp %501
kg « hm %, 3L 16 ML, 64 N/NIX, g /N IX HY Ik
M, ANXMA 30 m* (6 mX5 m),47fE  1.3.7 DPPH « Fk4#RA &% Xu 55 )5
0.50 m, 4k 0.30 m, F 5 A LHFER . BE/CER . IR I AR I0K H RO 0K LB .
1k o FH ) 87 L] O H A 7, & A PR HE 5 WL 1. 1.4 BESIT5LE
AL BAE 10 H i f) s 23 DR FFRL I ¢ Je K Excel 2007 #E47 8o M 2 40 31 F1) H]
#=H. SPSS 19. 0 fil SAS 8. 1 #4743 #7.
1 FRAEHEESIZIT
Table 1 The fertilizer amount of each treatment
il Fertilizer amount
N?mjcjbier Trgtfnﬁem 4i N Pure N i P,O; Pure P,O;
kg + hm? kg + m? kg + hm~? kg - m 2
1 NoPo 0 0 0 0
2 NP, 0 0 180 0.018
3 NoP; 0 0 360 0.036
4 NoP; 0 0 540 0. 054
5 NP, 90 0.009 0 0
6 N Py 90 0.009 180 0.018
7 N, P, 90 0.009 360 0.036
8 N;P; 90 0.009 540 0. 054
9 NP, 180 0.018 0 0
10 N: Py 180 0.018 180 0.018
11 N, P, 180 0.018 360 0.036
12 NP3 180 0.018 540 0. 054
13 N; P, 270 0.027 0 0
14 N; Py 270 0.027 180 0.018
15 N; P> 270 0.027 360 0.036
16 N;Ps 270 0.027 540 0. 054
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2.1 AENPEIENNMNIEERELIERD
Ejur]

2.1.1 MNEEWMPEBDRAETsHGT R HR
2 AT LA H L ARt NP /R R G R T

Bh20.57Tmg g ', ﬁt’ﬁHELIEJ: /INKL R Y

SEA BT B R TS b N S0 P XX
R LS B R S O B . R NP
ﬁatlﬁ—Fm E‘j@ﬂﬁ% ﬁﬁ%#ﬁ%»,\qﬂ N0P2\

N, P, 5 B W 0T & 43 0 &, 4 il ol 33, 94 M
34.26 mg g 'L B X MR IR 65, 009 Al
66.55%,

ANTE] NGPBC EE T i /) RL B T I B ) 4R
ﬁmﬁﬁﬂlﬁ&}ﬂ}éﬁ@dxﬁaﬁ@ﬁﬁi Ui 'ﬁ%
B AR NP i /R RS, Hop NoP, Ny P, B
My i 4 BB . 4 B A 260 60 A
25.88mg-+g ',

2 Wwal LIAE R —7 N K-,k
# P AR L, e BB TR R R A B
Y 2 IS T v S R AR O U AR AL F . T AE N
Tt NE K- DU 52 30 5 T B O T v i i . A TR
—Jifi P KSR N b R G B TR T T A ) 5K
AR A 25, WE N B 2 /R R G
SR JOT A A AR AR b B SRR AR T R Y B
AL B AE Po it AL AKCSE R 20 5 2 3R SE Tt
s B T A RO AR RIS T R
MAE Po Py i JE KSR 4300 S B 22 Tt SE ks
G Fm i Ea #

X AT BE A R T AR AT e R A RN
PoCR W& A B G L 4 E H A A
JE DA R TS S R A iR AR T 28 W o IE R A
S TS SR A A R 2 S L
Z RN BT B
2.1.2 MEREFREoHAYm k20
DIEH AR NP E P NP, B 4 i &
P BURE  1.27 mg - g B R TORME NP
NRLR T B AR BT A, BB NP, Ab K
b i A Ak B R 8 /N R R R B T S 0
BE/RT NP,

2.2 AEN.PEHEMENNE M

2.2.1 3« OH ARG Hm  AEK NP
5 bE Ak B/ INRL R G A SR IBGRO « OH VG BRBE T
WE L R, /NG R « OH EBREETE 70%

PLE i NG Py it JE b /) 2B

5+ OH i5BRfE

ML KL

TS0 7176 % H B AR NP /) ki 2B
Gk b 2.0 23% . 1 NuP, ()« OH 35 BR i 1 &%
W,k 90.59%,
#*2 AENPERREINNMNIESHE

L REFm(xts.n=3)
Table 2 Effects of different N and P ratios on antioxidant
substances in black soybean mg- g’
AhFE O OBEER RS BB s BT 4

Treatment

Total flavonoids

Total phenolics Total anthocyanins

NoPo(CK) 20.5740.88j  16.74+0.34 h  0.9940.02 cdef
NoPy  31.10+0.04 be  25.3440.47 b 1.1240.09 be
NoP,  33.9440.08a  26.60+t1.13a 0.98+0.01 cdef
NoP; 27.184+0.15f  22.6140.12d  0.9440. 12 def
NPy 24.78+0.10h  18.83+0.26 g 0.7140.06 h
NPy 27.36+0.01 ef 22.72+0.79d 1.01%£0. 21 bede
N, P, 31.4340.03 b 21.99+0.23 de 1.27+0.01 a

1 Ps 27.634+0.12 ¢ 21.34+0.42 ¢  0.997+0. 18 cdef
N, P, 30.93+0.10 ¢ 23.774+1.19¢  1.164+0.06 ab
NPy 28.1240.27d  22.3940.10d  1.06+0.09 bed
NP, 25.22+40.12 ¢  22.474+0.25d 0.9940. 18 cdef
NPy 24.9440.03 gh 21.7740.14 de 0.87+0.11 efg
N;Py  31.07+0.07 b 24.4240.45¢  0.77+0.22 gh
N3Py 28.14+0.06d  20.384+0.48f 1.09740.07 bed
N;P,  34.264+0.10a 25.8840.74 ab 0.8440. 14 {gh
N3 P; 22.43+0.091  20.40+0.32f 0.8940.12 efg
W1 [l =3 AN W F B R R A B 2 R (P<C0.05), 2. #% %
ST SRR . 3. MW I B LR B TR SR BT 44
DL T 3, BAE 1 0T o B LA R R 45 R -3- i A BRIt

Note: 1. Different letters in the same column indicated significant
difference( P<C0. 05). 2. Calculated on the dry soybean meal per
gram. 3. Total phenol mass fraction measured in gallic acid, total
flavonoids mass fraction in rutin, the total anthocyanin mass frac-
tion in cyanidin-3-glucoside.

2.2.2 A O; ARAEA M Ha mE 2WLE
HORE A NP AC Ee A, #5 4b #R ) 22 55 0 3 . BR
NP, N;Py . NyP, 19 O; ¥ B % 75. 40%,
74.77%.63. 40 %4k, HoAth NP fit b it AE &b B ()
O; W BRI 1E 8020 LA Iy o, NoPy o Ny Py
NP, 1 O 15 BRAE J1 A X 85 8 , 43500 2k 98. 5174
99.50% 11 98.11%

2.2.3 s DPPH » #FH#ERGHAw  AFMH
NP B L Ab 2 /N k7 2 5 4 8 32 BUE 6P DPPH -
WhBE W E 3 FroR. K NP 4 E W
DPPH - 15355, K 84. 62% , H b ZAL T H:
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Fig. 1 Scavenging capacity of small black soybean on < OH under different N and P ratios
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Fig. 3 Scavenging capacity of small black soybean on DPPH - under different N and P ratios
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X /KL 0 25 R LR E R B S {6 AE 5 B 8B, 5 8 DPPH « 35 BR /R &2 2 3%
« OH IEBRIE. O; Wi BR¥EH . DPPH - {ﬁ[‘fﬁi B FE AR CR . H B OH . O; R
AT A 70 . S5 R W R 3. S A S JHERFSEEEMECR.
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Table 3 The correlation relationship between color difference( AE) , antioxidative substance and

antioxidant activities of small black soybean under different N and P ratios

. Sl — A .
. porm wm dges CONERIER O WIRIER pppm - e
I‘ Total Total Total o O radical DPPH -+ radical
tem flavonoids henolics anthocyanins scavenging - scavenging effect
é s P 54 yanins effect scavenging effect scavenging

MR Total flavonoids 1

H W Total phenolics 0.854* " 1

BMAEM T Total anthocyanins 0.194 0.105 1

+ OH W BR1EH

» OH radical scavenging effect 0.050 0.065 0.018 1

O, WEREM ,

- . . —0.212 —0.282 0.324" —0.120 1

()2' radical scavenging effect

DPPH - % B 1EH a4 « 220 * _

DPPH - radical scavenging effect 0.504 0.576 0.020 0. 330 0. 185 1

AE 28 AE color difference —0.592** —0.609*"* 0.295 * 0.037 0.439** —0.323"

Wee % Flx o« 435 FIRAE 0,05 A1 0,01 KF FWFAR,

Note: * and * * mean significant correlation at the 0. 05 and 0. 01 levels, respectively.
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1.27 mg - g '  HBFmE T, &% 1ot
LW B B AL PR AR 08 B R LA AR R o IR
R B R, B AR RN g R
SUN= I OR 1RiTININ G SERCRASS &= @ Vi | O=ch e el )
2 R RO FE R . 1 Biesiada Y Y
FE BT, H AU T B 0% 1R 35 A Wy 251k 5 P Y
WIE . X 5ARMFELS REEAR —F,

XK 25 85 [ B 2 B L 35 o 17 it FH 9% 10
i i 25 v A AR v S VR T A T AR R DA I
W R « OH.O; \DPPH « [HRETT. Ak
YRR R I it U 3 R R L A T
A A BT B o B PR TR PERR AR . A ST A
REWL, NP, 89 « OH 5 B g 71 fe k. NPy,
NP NyP, (9 O; 15 Bk 68 J7 A0 X5 88 3%, No P, |
N.P; ) DPPH - {fFRAE I B . AT LA . FE it
R /ANRLR S HU AR . X 5HT AR
SR ML T RE S /ANVRL R B A SRR
B R 2R A G B SE m JE IR Ry itk — 2B T .

ARt 220 AE 5 SR ER S  DPPH - 7§
R A 5 0 B 2 A O C R . 5 SR A
O; WEBRAE 2 W sl B2 EAHKCR. Wik,
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Effect of Nitrogen and Phosphorus Fertilizer on
Antioxidant Activity of Small Black Bean

SONG Yanli' ,GAO Xiaoli' ,ZHANG Jun',ZHAO Tao',
HUANG Guibin' , WANG Ruihao' and LIANG Jibao?

(1. Arid State Key Laboratory of Crop Stress Biology,College of Agronomy,Northwest A&F University, Yangling Shaanxi

712100, China; 2. Agricultural Extension Station of Shenmu County, Shenmu Shaanxi 719300, China)

Abstract In order to explore the effect of different ratio of nitrogen and phosphorus on the antioxi-
dant activity of small black soybean,the total flavonoids, total phenolics, total anthocyanins,2,2-phen-
yl-1-Bitter base free radicals(DPPH « ), hydroxyl radical( + OH) and superoxide anion radical (O; )
scavenging ability in ‘Lianjiatiao” black soybean were analyzed upon 16 different nitrogen and phos-
phorus treatments . The results showed that the ratio of nitrogen and phosphorus had a significant
effect on the antioxidant activity of small black soybean,the total flavonoids, total phenolics and total
anthocyanins mass fraction of N,P, ,N;P, and N, P, were higher than the other treatments,and signifi-
cantly higher than those without N,P(control) (P<C0. 05). There was a significant positive correlation
between total flavonoids,total phenolics and DPPH « radical scavenging effect,and total anthocyanins
were significantly positively correlated with O radical scavenging effect. The color difference value
(AE) with total flavonoids,total phenolics and DPPH ¢ radical scavenging effect showed a significant
negative correlation(P<C0. 05 or 0. 01). There was a significant positive correlation with total anthocy-
anin and O; radical scavenging effect. The comprehensive analysis showed that the best fertilizers rec-
ommendation for high mass fraction of total flavonoids,high total phenol and high total anthocyanins
were N 270 kg + P,0; 360 kg,N 0 kg + P,0O; 360 kg,and N 90 kg + P,0O; 360 kg,respectively.

Key words Small black soybean; Nitrogen and phosphorus ratio; Total flavonoids; Total phenolics;

Total anthocyanins

Received 2017-05-14 Returned 2017-07-20

Foundation item Science and Technology Research Development Project of Shaanxi(No. 2014K01-
28); the Science and Technology Innovation Project of Shaanxi(No. 2015KTCQ02-21) .

First author SONG Yanli,female, master student. Research area:high-yield cultivation physiology of
minor grain and legume crops. E-mail:songyll11(@nwsuaf. edu. cn

Corresponding author GAO Xiaoli,female, Ph. D, associate professor. Research area: high-yield culti-
vation and physiology and industrial development of minor grain and legume crops. E-mail; gao2123 @

nwsuaf. edu. cn

(BREHRIE.BEF, Responsible editor. PAN Xueyan)



