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Investigation on optimal mode of nitrogen and planting density for
kidney bean in frigid region
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(1. Keshan Branch of Heilongjiang Academy of Agricultural Sciences , Keshan, Heilongjiang 161606, China;
2. Crop Breeding Research Institute of Heilongjiang Academy of Agricultural Sciences, Harbin, Heilongjiang 150086, China)

Abstract: To investigate the effects of nitrogen and planting density on field production, yield formation indexes,
products and nutritional quality of kidney bean in north frigid region of Heilongjiang Province were studied. The result in-
dicated that N fertilizer could significantly increase growth period and growth stage. The difference was not obvious by low
density planting, while it reached significant level when the density was over 20 x 10* plants*hm~2. Number of pods per
plant, pods grain number and grain weight were reduced with the increase of the density. No significant differences were
observed among different nitrogen treatments. Commodity rate of kidney bean became decreased with the increase of den-
sity. Maximal Fat value (1.51% ) was reached by the combination of 45 kg*hm™? nitrogen and 10 x 10* plants* hm ™2
density. No significant differences were found among the different treatments. The maximal protein content (14.55% )
was obtained through the combination of 60 kg*hm ™2 nitrogen and 10 x 10* plants*hm~? density. No significant differ-
ences were seen in this combination, whereas significant ones were found in other combinations. Bean yield reached the
highest level of 3 418.56 kg*hm™2 by 30 kg*hm ™2 nitrogen and 20 x 10* plants*hm~? density, which was similar to the
yield by N 45 kg-hm™2 and 15 x 10*(3 417.46 kg-hm™?) and was significantly different from other combinations. In
conclusion, through the analyses of economic benefits and grain quality, the best cultivation mode is the combination of
45 kg*hm~? nitrogen and 15 x 10* plants*hm =2 plant density.
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Fig.1 Effects of nitrogen and planting density on yield
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Table 1  Effects of nitrogen and planting density on the growth stages of kidney bean
Tl 2 HE R o v 40 el TFAEI 453 A .
N HE Planting Seeding Emergence  Branching Flowering Fruit Maturation L1 D84
N amount density time time time time time time REPIZ)duCtmn
/Citkehm™)  (M-d) (M-d) (M-d) (M-d) (M- d) (M- d) o
10 05-24 05-31 06 - 13 07 -16 08 - 01 09 -04 96
15 05-24 05-31 06-13 07 -16 08 - 01 09 -04 96
N15 20 05-24 05-31 06 - 14 07-17 08 - 01 09 -04 96
25 05-24 05-31 06 - 14 07-17 08 - 03 09 -04 96
30 05-24 05-31 06 - 15 07-18 08 - 03 09 - 05 97
10 05-24 05 -31 06-13 07 -16 08 - 01 09 - 04 96
15 05-24 05 -31 06-13 07 -16 08 - 01 09 - 04 96
N30 20 05-24 05 -31 06-14 07-17 08 - 03 09 - 04 96
25 05-24 05 -31 06 - 14 07 -17 08 - 03 09 - 04 96
30 05-24 05 -31 06-15 07-18 08 - 03 09 -05 97
10 05-24 05 -31 06-13 07 -16 08 - 01 09 -05 97
15 05-24 05 -31 06-14 07 -17 08 - 03 09 -05 97
N45 20 05-24 05 -31 06-14 07 -17 08 -03 09 -05 97
25 05-24 05 -31 06-16 07-18 08 — 05 09 -07 99
30 05-24 05-31 06-16 07-18 08 - 05 09 -07 9
10 05-24 05-31 06— 13 07-18 08 - 01 09 - 06 98
15 05-24 05-31 06 - 15 07-18 08 - 03 09 - 06 98
N60 20 05-24 05-31 06 - 15 07-20 08 - 05 09 -08 100
25 05-24 05-31 06 - 16 07-20 08 - 05 09 -08 100
30 05-24 05-31 06 - 16 07 -20 08 - 07 09 - 08 100
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Table 2 Effects of nitrogen and planting density on yield and yield component indexes
N B Dﬁfﬁ fﬁﬁi%’ﬁl LIS 8 0 FRLE *ﬂﬁfﬂi
N ensity Siliques Seeds per Hundred seed Yield
/(Jitk-hm~2) per plant/f> silique weight/g /(kg*hm=2)
10 14.09bB 4.07bB 44.02bcCD 2418.65jHI1
15 13.28¢C 3.84cC 43.59¢DE 3245.96¢dC
NI5 20 11.24{F 3.61defCDE 41.32{FG 3296.84cdBC
25 9.05il 3.56efDEF 39.39gH 2826.35(E
30 8.47kK 3.31hGH 37.88iJK 2352.36j1
10 14.25bB 4.26aAB 45.21aAB 2519.56iGH
15 13.33¢C 4.06bB 44.22bCD 3396.68abAB
N30 20 11.92eE 3.73cdeCD 41.94¢eFG 3418.56aA
25 10.232G 3.53{DEFG 39.11gHI 3126.02eD
30 8.12IK 3.28hHI 37.82iJK 2702. 14gF
10 14.52aA 4.23abAB 45.36aA 2615.23hFG
15 13.41cC 4.08bB 44 .55bBC 3417 .46aA
N45 20 11.94eE 3.76CDed 42 .06eF 3316.69bcABC
25 9.78hH 3.48fgEFGH 39.01ghHI 2826.15(E
30 7.92mKL 3.07il 37.54ijKL 2514.38iGH
10 14.55aA 4.35aA 45 .44aA 2712 .36gF
15 12.46dD 4.21abAB 43.00dE 3215.36dCD
N60 20 11.81eE 3.64defCDE 41.23fG 3198.66bcABC
25 8.66j) 3.36ghFGH 38.49hl1] 2615.11hFG
30 7.82mL 2.773) 37.00jL 2102.36k]

TE:RPARR N EFRERIR 1% (5% ) K125 B335, TR,

Note: Different large (small) letters indicate differences at the significant levels of 1% (5% ), and hereinafter.
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Fig.2 Effects of nitrogen and planting density on yield component indexes of kidney bean
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Fig.3  Effects of nitrogen and planting density on commodity quality of kidney bean
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Table 3 Effects of nitrogen and density on nutritional quality

N W HIA B Jig 17
Fi Density Protein Fat
N amount /(Ji#k hm~2) /% /%
10 14.09hB 1.49abcAB
15 13.28¢C 1.48bedABC
N15 20 11.24F 1.44{gDEF
25 9.05il 1.39iG
30 8.47kK 1.26jH
10 14.25bB 1.50abcAB
15 13.33cC 1.48bcdABC
N30 20 11.92¢E 1.45efCDE
25 10.23¢G 1.41hiFG
30 8. 121K 1.27}H
10 14.52aA 1.51aA
15 13.41cC 1.48bcdABC
N45 20 11.94eE 1.46defCD
25 9.78hH 1.426hEFG
30 7.92mKL 1.27jH
10 14.55aA 1.50abAB
15 12.46dD 1.48¢deBC
N60 20 11.81eE 1.43ghEFG
25 8.66j] 1.40iG
30 7.82mL 1.19kI
3 4 i

XU [ B 58 R I AEE FL R R T, it Bk
FTHE, B/ NRRER A AT AR S 1, DT 3R 15 ft
TR R, HLGAROIA S 3 B T X R AR Y 11
A2 A R bl 14 0 R 5 B O PR B AEAE 21 ~ 23 7
- hm ™2, F AR SRS DA B A 12 ~

15 itk -hm ™2 350 5 A 15~22 HZE, AT
FEHT, 10 ~ 15 Jkk - hm =226 T, N JEX 25 A0 4
HFHIEAKR,HZE1~2 d A, (HIEH] 20 77k
hm ™ 2% B 5, N B4 W E 3G & AR F e A F
SR B, IR T A, At AR I SRR AR R 4R
KR 2 ~4 d,

AR R A Y B, 1) B B A
RERE AR, AR SR H 1)t A 25008 ok i 1 2B K
K w2 SRR AR GE TR TR R B % i
SR ) B S22 5 1 0 i AT 1 e 3 T B R
PP AR R R FRAR T R IR BB
BomspkRi Y, ) R s R, R
FE G R RI L R RAR R R R
R %5 5 AR AFAE 15 J7 ~ 20 Tk - hm™2, 15 Ji %k -
hm = 2FF A 3855 7 2 875.67 kg hm ™2, Fifi# &Lt
IR, S E R BT WAL AT LA
B 25 G RRE A R R R R, 45 AR
Ivi) 14 285 Ak IR ) 25 S iR B 2 /KT FERUIE AR FE
H, DL N60 kg hm ™2 B R 5K R W dne R H 3
7 N45 S 10 T kk - hm 20204 b, Hil KRB N
1.51% , SHE U142 5 535 8 A dc KA H
F£ N60O A1 10 J5 K - hm 2 A9 % B b, e KME A 14,
55% ,5 N60 Al 10 J7 ¥k - hm =2 (ZE A i % /o0 14.
29)HGEZRARE, SHEHAGRZR B &
N30 1 20 54k - hm =241 &7 5 e = 4 3 418.56 kg-
hm~2, 5 N45 F1 15 Jifk-hm = 2(F=HEN 3 417.46 kg
hm )G EFARE, SHAA G 27 BE, ™
i BT, RS AR B A R e, W LA 15 ~ 20 Tk -
hm = 2B % B O L N IR K - AR R TE N30 — N45
KA R A A B

(TF#% 145 )



55 1

E I A% ) Z2 MR R GE N/ NV TR IR 7S 145

TR BT 4 B — 1, (H RN A CO,
WA T T B, XN A RALPE A A, BEES
RIATRGE , BER T34 CO, VR BEB/D PS4 R X i
AR, P-4 BE I, 3 AT RE 5 A R R IR R 58 X
MK CO, IRk 5 4 FIAK T 308 1 572 el I 0 B 55
xR,

4) SR X AR T A X, R R /N
Z AR E R A, X E 2 SR X AS 1
BRI SHE A R R R A e T R k1
[ A XoF /N 22 7 s g S PR 2 5 Ml 1) DK/ I Ay T4 it
> PORTEER > BORE, X5 A Y RIS 4
JEARTR], AT 68 5 18] 4 DX 48k %) 4 398 5 b | 3 BLKSF A
9‘%[1510

5 H56mx4m AL, 9 mx3 m AT
VAN SEJZ X HEEE TN CO, v B w8, 1~ 34
AR TSR X T 2 AL, B s
B 22.67% , VI HZE G /N FMET 6 mx 4
m B SR AEAFHE A (Bk) 22 R,

5 % X #k:

(1] Z & mEEREYTe TR 28 [1]. Bt Rtz
2014, (4):51-56.

[2] F* JH,8 A, EHN, L B—NEESNEEREE
KGR s (] 2 5 E Y2441, 2012, 32(4) : 734-738.

(3]

(4]

(5]

(6]

(7]
(8]

[9]

(10]

(11]

[14]

[15]

TREZ L BRME, TERIAN G R X AR RN R
S PR B R iR L] B sl B2, 2012, 49(12)
2157-2162.
A8l BRIV, S R SRR —F MR R G LRSS
(B 53 A REAE L) ] . Bkl Bl 2% , 2014, 51(11) : 1990-1995.
B,k e, EUIBE CRME G RGN KIS G TE AL
AT SPP (] . 2R 252317 ,2006,26(6) £ 1792-1801 .
SRLTFLE R LR OO S R OBk AR TRIVE R g/ VAR A
ATRRIEBFST (1] Bl K22 42, 2009,32(3) : 5-10.
BFIR 24 ORISR L M) A K% H R, 2000.
SEEOE , XN 2 v Y I ik [ M. dbat B2 A
1979.
SKSTF (B AR [RIE R e /INSARBN I BF5E [ D] . Hr it &
ARFF Bl K2 ,2009.
2R S NE BRI A BT (D] . B A . T
R MR K2, 2014
& 0, EBIA, R, G AL RIE RGNV ST
AN TR (1] A E O 5, 2012, 33(4) : 540-544,554 .
VEBCRE PR OIS, B, AR IR ER M & RN S & e
Pesi (3] A BURALAIFSE , 2002,23(6) : 418-420,460.
[N S S W NP S S (2 S W N o5 o =
ARG G AR [T] . Frimll B2 ,2013,50(10) : 1799-
1805.
HTE R RNE, SN ERER G N P
FRIFFE [T]. o A 2230 42 ,2011,27(15) : 181-185.
Odhiambo H O, Ong C K, Deans J D, et al. Roots, soil water and
crop yield: tree crop interactions in a semiarid agroforestry system in

Kenya[.]] . Plant and Soil, 2001,235:221-233.

(L% 102 1)

MUAES ] LA B, N30 AT 20 J5 Bk - hm=27=
R, RN N45 F 15 T AR - hm 244G, (HFEAS
A Z = 22 AR/ (UFHZE 1.1 kg hm ™), 171
N45 (AL FE T A A T A BRI D R, 2R
PR 2855 30 45 R b 5043 A7, N4S AT 15 J7 4K - hm 2 119
ATt , ERES AT P, MREDAT I i

b SR IR AR

o

(1] PR, B TR M, 55 i 2 B X /K 1 25 57 iR
JERsEm [T . FF,2008,27(3) :67-70.

(2] T 5,52, 8L, 5 BT A S AR 57l
KIELT]. A E T, 2008, (4) : 11-12.

(3] ipgRet, MmEms, £ M, % a2 A RSO T (7],
o E A 2 4, 2015, 31(15) : 108-113.

(4] PIFW IR RO0AE, 55 . RIRE 2% B R A X A A 25 ™ &
Rz ()] el Bl ,2015,54(13) : 3167-3170.

(51 SRR . UIE A oot 25 SRR DG SRR G 4k B 7= it 2t 5 i) 14 4
FEL D] WA IRIE AR bl K2 ,2012.

(6]

(7]

(8]

[9]

[10]

(11]

[12]

[13]

[14]

KR, B U X 25 TR S = s [ ]
YEHI2435,2010, (5) : 76-79.

B R KRS AR ST G E S RNT
KL SR T R B WHFE [T AR 443K, 2013, (1) :81-87.

FIET L RZRE, 9 0 5, S L AR i 2 X IS ) 25 R R
TR R[] e R 2012, 16(8) :28-30.
XU, 2R Ae Bl 55 AT IR NG S W B X G S EE AR
TR Ry w g e L] o B R A%l 4, 2005, (10) : 147-
149,191.

PFEM B R X G2 M A A L] AR,
2002, (10) :22-23.

TR 2= I SR A R AR A A TR (1] B
LN — AR B R 224, 2002, 14(4) :22-24.

T2 75 ARG ROKT X 25 2 i i L] . gl B2
2014,42(7) :694-696,703.

X SCEE , AR SC, XN, 48 AN Bk - KEEERS
rh R AR i AU R R R s [ 7] R SR, 2014,
33(5):705-712.

W AR R BT, 45 Rl B IR 25 A 7 o B
b SRR L] B TR R, 2012, (12) :24-26.



