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Nutrient restrictive factors, nutrient absorption and accumulation
of red kidney bean

HAN Yanlong', JIN Fansheng'™*, ZHENG Pushan?, LI Xiaoping®, LI Jie', LI Haijin'

(1. Research Center for Dryland Agriculture, Shanxi Academy of Agricultural Sciences, Taiyuan 030031, China; 2. Institute of
Agriculture Environment and Resource, Shanxi Academy of Agricultural Sciences, Taiyuan 030031, China; 3. College of
Resources and Environmental Sciences, Shanxi Agricultural University, Taigu 030801, China)

Abstract With important economical and nutritional values, kidney bean (Phaseolus vuglaris) is one of the main grain crops
in China. Recently, the planting area of red kidney bean has been gradually increasing in Shanxi Province, China. However, the
nutrient absorption characteristics and limiting factors of kidney bean was still not very clear. Nitrogen (N), phosphorus (P)
and potassium (K) are essential nutrients for plant growth, and knowledge on periodic uptake, accumulation and allocation of
N, P and K in different organs of kidney bean is important to implement nutrient management practices to ensure its’
sustainable production. There were several studies on effect of the fertilization and nitrogen application on yield of kidney
bean. However, few studies have investigated the nutrient accumulation and distribution characteristics of kidney bean. In this
study, field experiment was conducted with different nutrient application (N absence, P absence, K absence, NPK application
and no fertilizer) using the red kidney bean variety ‘British Red’ as the materials in 2014. The nutrient restrictive factors, dry

matter accumulation and nutrient uptake and accumulation of red kidney bean were investigated. The samples of NPK
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application treatment at different growth stages were collected for determining dry matter and nutrient contents in different
organs, to illustrate the law of nutrient absorption. This is beneficial to provide theoretical basis for rational fertilization and
high yield cultivation of red kidney bean. The results showed that NPK application treatment significantly increased yield of red
kidney bean compared to absence of N, P, or K and no fertilizer treatments. Compared to NPK application treatment, yields of
N-, P- or K-absence decreased by 14.2%, 8.0% and 11.3%, respectively, which indicated that the order of nutrient restrictive
factors of red kidney bean yield was N > K > P. The dry matter accumulation rate of red kidney bean increased firstly and then
reduced in the whole growth period. Dry matter accumulation of root, stem, pod shell and pea increased gradually throughout
the whole growing period, while dry matter accumulation of leaf decreased at harvest stage. The order of dry matter weight in
different organs at harvest was pea > stem = pod shell > leaf > root. The contents of N, P and K of all investigated organs
varied at different stages. N contents in steam, leaf and pod shell decreased gradually, and increased in pea throughout the
whole period. The contents of P and K in different organs showed a decreasing trend in whole growth period. The highest
nutrients level was observed from full-blooming to pod bearing stage, in which, the absorption contents of N, P and K accounted
for 28.14%, 49.22% and 56.20% of the total content of whole growth period, respectively. The accumulation amount of N, P
and K in different organs was various. The order of N, P, K accumulation was N > K > P in pods, leaves, stalks and stems,
while it was order of K > N > P in pod skins. In conclusion, to produce 100 kilogram kidney bean pea, 4.37 kg N, 2.38 kg P,05
and 3.53 kg K,O application with ratio of 1  0.54 0.81 were needed.

Keywords Red kidney bean; Nutrient restrictive factor; Dry matter; N; P; K; Nutrient accumulation
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Table 1 Effects of different fertilizer applications on the yield and yield components of red kidney bean
Treatment Pod number 100-grain weight (g) Average yield (kg-hm’z) Relative yield (%)
NPK 8.83+0.76a 53.04+1.32a 2 634.6+36.7a 100.0
PK 6.57+0.47¢ 47.4740.67b 2 261.8+44.6¢ 85.8
NK 7.10+£0.36b 46.9340.64b 2 425.0+107.8b 92.0
NP 7.90+0.26b 48.05+1.13b 2 338.1+78.8bc 88.7
CK 6.434+0.35¢ 47.96+1.32b 1993.2+62.5d 75.6
CK: ;PK: N, P05 120 kghm™ K,0 100 kghm % NK: P, N90kghm™ K,O 100 kg-hm ™ NP: K, N 90 kg-hm™
P,05 120 kg-hm™; NPK: ,  N90kghm? P,05120 kg-hm™> K,0 100 kg-hm™> 5%

CK: application rate of fertilizer was 0 kg-hm™2. PK: application rates of nitrogen, phosphorus (P,Os) and potassium (K,0) were 0 kg-hm™2,

120 kg-hm ™2 and 100 kg-hm™?, respectively. NK: application rates of nitrogen, phosphorus (P,0s) and potassium (K,0) were 90 kg-hm ™, 0 kg-hm™>
and 100 kg-hm™, respectively. NP: application rates of nitrogen, phosphorus (P,Os) and potassium (K,0) were 90 kg-hm™, 120 kg-hm™ and 0 kg-hm ™2,
respectively. NPK: application rates of nitrogen, phosphorus (P,0s) and potassium (K,0) were 90 kg-hm™2, 120 kg-hm > and 100 kg-hm 2, respectively.
Different letters in the same column mean significant difference at 5% level.
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Table 2 Dry matter accumulation and distribution in red kidney bean at different growth stages

Dry matter accumulation amount (g-plant™")

Plant organ

Seedling stage

Squaring stage

Full-bloom stage

Pod bearing stage

Mature stage

Root
Stem
Leaf
Pod shell
Pea

Total plant

0.18+0.05¢
0.30+0.01d
0.90+0.08e

1.38+0.14¢

0.61+0.06b
2.35+0.20c
4.66+0.76d

7.77+0.50d

1.37+0.12a
8.84+0.79b
11.26+0.49a

21.47+0.31c

1.26+0.11a
10.59+0.61a
7.92+0.85b
10.61+0.68a
17.20+0.86b
47.58+0.52b

1.34+0.17a
11.42+0.59a
6.09+0.67¢
11.80+0.47a
25.84+0.41a
56.49+1.25a

Dry matter distribution rate (%)

Plant organ

Seedling stage

Squaring stage

Full-bloom stage

Pod bearing stage

Mature stage

Root 12.8 7.9 6.4 2.7 2.4

Stem 21.7 32.1 41.2 22.3 20.2

Leaf 65.5 60.0 52.4 16.7 10.8

Pod shell — — — 223 20.9

Pea — — — 36.1 45.7

Total plant 100.0 100.0 100.0 100.0 100.0
5% Different letters in the same row mean significant difference at 5% level. The same

below.

>
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Table 3 Dry matter accumulation amounts and rates of red kidney bean at different growth stages

Seedling Seedling— Squaring— Full bloom— Pod bearing—
Item . . . Total
stage squaring stage full bloom stage  pod bearing stage maturity stage
. . 1.38+0.14 6.39+0.41 13.70+0.36 26.11£0.82 8.91+0.79 56.49+1.25
Dry matter accumulation amount (g-plant™)
2.44+0.25  11.31+0.82 24.25+0.73 46.22+1.02 15.78+1.52 100.00
Percentage of total (%)
. o 0.03+0.00 0.38+0.02 0.69+0.02 1.30+0.04 0.49+0.04 0.75+0.01
Accumulation rate (g-plant” -d")
*4 TREBHLA=STEHMLA. #. B2
Table 4 Contents of N, P and K in different organs of red kidney bean at different growth stages gkg™!

Nutrient Plant organ Seedling stage Squaring stage Full-bloom stage Pod bearing stage Mature stage
N Root 20.75+0.82a 16.40+0.52b 14.03+0.91¢ 7.49+0.67¢ 10.21+0.29d
Stem 24.45+1.02b 28.51+0.67a 20.38+1.18¢ 11.60+0.64d 9.12+1.00e

Leaf 43.03+1.28a 41.73%1.17a 29.53+0.94b 24.15+0.71¢ 18.17+0.66d

Pod shell — — — 14.39£0.59a 6.39+0.69b

Pea — — — 26.00+0.83a 29.50+1.28b

P Root 5.55+0.32a 2.92+0.57b 3.54+0.27b 5.02+0.66a 2.25+0.53b
Stem 5.11£0.35a 5.14+0.88a 4.36+0.72a 2.84+0.64b 2.56+0.50b

Leaf 8.72+0.48a 6.68+0.62b 4.71£0.82¢ 5.07+0.72ab 4.74+0.63¢

Pod shell — — — 2.51+0.42a 1.87+0.09a

Pea — — — 7.26+0.72a 7.13£0.60a

K Root 17.81£0.55a 15.35+0.60b 7.77+0.61¢ 4.94+0.46¢ 6.18+0.41d
Stem 30.90+0.43a 26.38+0.90b 15.17+0.65¢ 10.01+0.47d 7.12+0.54¢

Leaf 19.46+0.57a 17.22+0.26b 12.11+0.35¢ 10.89+0.14d 6.84+0.39¢

Pod shell — — — 22.83+0.57a 20.74+0.97b

Pea — — — 15.51£0.59a 14.85+0.46a
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Table 5 Nutrient accumulation and uptake rates of red kidney bean at different growth stages
Nutrient Ttem Seedling stage Seedling—squaring  Squaring—full ~ Full b}oom—pod Pod b.earing— Total
stage bloom stage bearing stage maturity stage
N Uptake amount (kg~hm72) 5.48+0.28d 24.07+1.65¢ 28.86+1.46b 35.00+1.58a 30.97+2.25d 124.39+1.83
4.40+0.20 19.36+1.52 23.20£1.02 28.14£1.33 24.89+1.52 100.00
Percentage of total (%)
szpta}fe rate 0.11£0.01¢ 1.42:0.09b 1.4420.07b 1.75=0.08a 1.7220.12a 1.66=0.02
(kg'hm™=d™)
P Uptake amount (kg-hm™)  1.12+0.03d 3.75+0.11¢c 6.01+0.45b 14.27+0.87a 3.70+0.54¢ 28.86+0.67¢
3.90+0.08 13.02+0.61 20.80+1.13 49.22+2.04 12.86+2.17 100.00
Percentage of total (%)
Ifzptafe rate 0.02:£0.00d 0.2240.01¢ 0.30+0.02b 0.71£0.04a 0.21+0.03¢ 0.38+0.01
(kg-hm™=-d™)
K Uptake amount (kg'hmfz) 3.29+0.03d 13.48+0.78b 14.09+1.51b 46.92+1.91a 5.78+2.85¢ 83.56+1.75
3.94+0.12 16.14£1.26 16.84+1.47 56.20+3.46 6.88+0.99 100.00
Percentage of total (%)
Uptake rate 0.06:0.00d 0.79+0.05b 0.70+0.08b 2.35£0.09 032£0.05c  1.11£0.02¢
(kg-hm™*-d™)
( o), ,
, ; ; 19.73 kg,
, ; > = > >
83.91 kg, , ,
> > > > , ; ,
R , 4.87% 43.94%;
; b b b
33.82%; , 1.14% 11.07% 10.93% 8.40%
1.20% 68.46%
11.70% 12.99% 6.66% 67.45% ( 9, ,
C 7 ,

> > >
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Table 6 Nitrogen accumulation and distribution in red kidney bean at different growth stages

£6 AXTAALENERTANZNGHE

Plant organ

N accumulation amount (kg-hm™?)

Seedling stage

Squaring stage

Full-bloom stage

Pod bearing stage

Mature stage

Root
Stem
Leaf
Pod shell
Pea

Total plant

0.40+0.10d
0.80+0.01¢
4.27+0.27d

5.47+0.28e

1.11+0.08¢
7.84+1.48d
20.60+1.65b

29.55+1.79d

2.114£0.07a
19.76+1.22a
36.50+1.25a

58.41+0.36¢

1.03+£0.01c
10.68+0.93¢
15.80+1.17¢
16.77+0.45a
49.15+1.59b
93.41+1.23b

1.50+0.16b
14.56+0.48b
16.14+1.43¢
8.28+0.67b
83.91+£2.32a
124.40+1.83a

Plant organ

N distribution rate (%)

Seedling stage

Squaring stage

Full-bloom stage

Pod bearing stage

Mature stage

Root
Stem
Leaf
Pod shell
Pea

Total plant

7.32
14.62
78.06

100.00

3.76
26.53
69.71

100.00

3.62
33.82
62.56

100.00

1.10
11.43
16.91
17.95
52.61

100.00

1.20
11.70
12.99

6.66
67.45

100.00

Table 7 Phosphorous accumulation and distribution in red kidney bean at different growth stages

x71T AZEFREEHZIREHRNERSHER

Plant organ

P accumulation amount (kg-hm’z)

Seedling stage

Squaring stage

Full-bloom stage

Pod bearing stage

Mature stage

Root
Stem
Leaf
Pod shell
Pea

Total plant

0.11+0.02e
0.17+0.01d
0.86+0.04d

1.14£0.03¢

0.19+0.03d
1.38+0.04c
3.28+0.04c

4.85+0.12d

0.53+0.03b
4.78+0.40a
5.57+0.34a

10.88+0.37¢

0.69+0.06a
3.28+0.53b
4.46+0.39b
3.02+0.16a
13.72+1.23b
25.17+1.17b

0.33+0.06¢
3.19+0.46b
3.15+0.18¢
2.42+0.07b
19.73+0.88a
28.82+0.67a

P distribution rate (%)

Plant organ
Seedling stage Squaring stage Full-bloom stage Pod bearing stage Mature stage
Root 9.65 3.92 4.87 2.74 1.14
Stem 14.91 28.45 43.94 13.03 11.07
Leaf 75.44 67.63 51.19 17.72 10.93
Pod shell — — — 12.00 8.40
Pea — — — 54.51 68.46
Total plant 100.00 100.00 100.00 100.00 100.00
42.22 ke, > > 2.38kg K,O 3.53 kg, 1:0.54:0.81
> 5
3 Wit
5 5
,  47.67%;
, >
1.09% 10.71% 5.49% 32.18% 50.53% 2=e) .
> ; [15]
, 100 kg N 437 kg P,Os > ; [t
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Table 8 Potassium accumulation and distribution in red kidney bean at different growth stages

Plant organ

K accumulation amount (kg-hm™?)

Seedling stage

Squaring stage

Full-bloom stage

Pod bearing stage

Mature stage

Root
Stem
Leaf
Pod shell
Pea

Total plant

0.34+0.09d
1.02+0.06¢
1.93+0.14d

3.294+0.03¢

1.04+0.12ab
7.22+1.09d
5.80+0.53b

16.77+0.81d

1.17+0.04a
14.71+£0.88a
14.98+0.22a

30.86+0.78¢

0.68+0.04c
11.68+1.20b
9.47+0.90b
26.62+1.11a
29.32+0.89b
77.78+1.13b

0.91+0.08b
8.95+0.87¢
4.59+0.65¢
26.89+0.40a
42.22+0.96a
83.56+1.75a

Plant organ

K distribution rate (%)

Seedling stage

Squaring stage

Full-bloom stage

Pod bearing stage

Mature stage

Root 10.34 6.20 3.79 0.87 1.09
Stem 31.00 43.06 47.67 15.02 10.71
Leaf 58.66 50.74 48.54 12.18 5.49
Pod shell — — 34.24 32.18
Pea — — 37.69 50.53
Total plant 100.00 100.00 100.00 100.00 100.00
46.22%,
, 28.14% 56.20%;
, ( 14.2%) ( (18]
11.3%) ) )
, (Glycine max)!'*""] (Vigna
umbellata)!™ , ,
5 [9]
, 0.03 g, ,
1.30 g,
4 it
; 1) ,
) 14.2% 8.0% 11.3%,
> >
2)
24.25% 46.22%

[19]
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