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( 799.76 mg/L) HQO;~ NaHQO; 1 0 3.60  15.36 19 81
8.9 . HOOs~ 6.5 mol/L 2 0 18.01 0.95 % 5
_ 5 3 6.5 18.01 0.95 % 5
HGO, ; 4 13.0 _ 18.01 095 %55
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2 (13.0 mol/L 4) , 1
77.3 %, 66.3 %, 46.3 % 57.5 % , HOOs3~
5%
: NO; -N ( 1), :
NH, *-N HOO:™ (1 2), , ) HQOs
NH; *-N ( 4) , , :
HOO; [ HQO;” NH; *-N
, NH; *-N
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Table 2 Influence o nitrogen formsand bicar bonate concentration on the growth of kidney bean plant (9/ pot , DM)
Treat. Root Sem Led Whole plant Ratio of Root/ Shoot
1 4.4+1.3a 10.4+2.9a 16.0+£3.9a 30.8+8.0a 0.17
2 2.1+0.2¢c 4.7+0.3b 5.6+0.8b 12.4+1.1b 0.20
3 2.5£0.3 hc 6.0x1.1b 6.3+0.5b 14.8+1.7b 0.20
4 3.4+0.9b 6.9+2.0b 7.4+2.3b 17.7+5.0b 0.24
A 2 a=0.05, Note: The same letter in each column indicating not sgnif-

icant a 0.05levd ugng R for muitiple conparioon. Thisindication is true for dl the following tables.

2.2 N HCOs~
2.2.1
3 4 i 1 1 N!
K P Ca, Mg , NO;"-N N NH; *-N
3 N HCO3~ N P K

Table 3 Influence o nitrogen formsand bicar bonate concentration on N, P, K uptake by seedlings of kidney bean (mg/ pot)

Nitrogen uptake Progphorus uptake Rotass um uptake
Trest. Root Sem Led Whole plant Root Sem Led Whole plant Root Sem Led Whole plant
1 167.5a 252.5a 611.8a 1031.8 a 101.8a 91.7a 193.9a 387.4a 150.9a 276.0a 453.6a 880.5a
2 79.3c 175.0a 224.7b 479.0b 32.6c 46.6b 106.3b 185.5b 56.6 b 131.8 b 156.4b 344.8b
3 81.0c 255.7a 222.6 b 559.3 b 65.8bc 49.1b 103.8b 218.7 b 32.1b 126.1b 162.5b 320.7 b
4 123.7b 262.7a 304.9b 691.3 b 98.4ab 63.3ab 110.2b 271.9b 49.7b 119.1b 182.6 b 351.4b
NH, “-N , HQOs~ 0 13.0 mol/L, N P
, NH; "-N HQO;~ N P ,
, 4 N P 2, N P
1 P L
HOO;° NH; *-N P :
; NH4+-N 3 , N P :
NO; -N , NH, "-N K , K* NH:"
, HQO3~ K
NO; ™ -N , Ca Mg NH;*-N
( 4 NH; "-N , HOOs” , , Ca ,

HCO;~ 6.5 13.0mol/L Ca NG; ™ -N
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2 3 4 Mg )
4 N HCO3~ Ca Mg
Table 4 Influence of nitrogen formsand bicar bonate concentration on calcium and magnesum uptake by kidney bean  (mg/ pot)
Cacium uptake Magnes um uptake
Treet. Root Sem Led Whole plant Root Sem Led Whole plant
1 20.9c¢ 37.9a 126.9 a 185.6 a 15.9a 22.9a 70.1a 108.9 a
2 9.6¢ 16.7 b 52.3b 78.6 c 5.7b 14.0a 28.9b 48.6 b
3 2.7b 17.7b 57.9b 118.3 bc 6.6b 16.0 a 34.1b 56.7 b
4 79.1a 16.1b 54.2b 149.5a&b 10.1b 16.8 a 36.4b 63.3 b
2.2.2 Fe Mn
5 , NO; ™ -N Fe Mn NH; *-N
2 Fe Mn 1 NH,*  Mn?**
, u Mn NH, *-N
HOO; ™, Mn  HOOs" , 4 Mn
1 L L
5 N HCO;3" Fe Mn
Table 5 Influence o nitrogen formsand bicar bonate concentration on iron and manganese uptake by kidney bean
Iron uptake (mg/ pot) Manganese uptake { o/ pot)
Tredt. Root Sem Led Whole plant Root Sem Led Whole plant
1 4.24 a 1.9 a 5.39a 11.57 a 759.5 a 28l.4 a 874.5 a 1915.4 a
2 2.32b 1.02b 1.85b 5.19b 210.7b 109.9b 378.4b 699.0 c
3 1.85b 1.28b 1.98b 5.11b 615.4 a 90.6 hc 354.8b 1060.8 b
4 2.18b 1.29 b 2.01b 5.48 b 808.9 a 77.9c¢c 307.8b 1194.6 b
2.3 6 NOs"-N  NH;*-N
2 Table 6 Uptake percentage and amount o NOs -Nand NH;*-N
. - in nutrient solution by beans
( 6): NO; ™ -N
- 0
( 1) ! NG; -N 5.2 %, Uptake percentage ( %) Uptake amount  (mol/ L)
+ Treat. R N R N
NH; " -N N 3 NO; -N NH, *-N NO; -N NH,*-N
NO; -N N 5 04 1 75.2 59.8 11.55 2.15
L ’ 2 .3 16.7 0.90 3.00
NO; ™ -N 9.1 %, 3 9.1 53.2 0.9 9.57
75. 8 %; NH4+'N N 4 75.8 36.7 0.72 6.60
95 %, 53.2 % 4
' NO; ™ -N Note: The data in the table are the averages of 4 replicates.
, HQO;~ 6.5 mol/L 75.1 %;
13.0 mnol/L , 85.2 %, 4,88 mmol/L 11. 08 mnol/L ,
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( ) > HOOs” ,
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Bfect o Coexigence o Bicarbonate and Ammonium in Nutrient Solution on
Growth and Nutrient Uptake of Kidney Beans

Tian Xiaohong, Li Shengxiu, and Sng Shugin
( College d Resources and Environment sciences, Northwest Sd- Tech University of Agriculture and Forestry, Yangling 712100, China)

Abgtract : Slution culture was used to sudy the dfect of different combination between amnonium and bicar-
bonate coexigted in the medium on growth , nutritional element uptake by different kidney organs kidney beans. The
obtained results showed thet : supplying nitrate nitrogen as main N ource, the growth satus was the best ; sup-
plying amnmonium nitrogen as main N ource without bicarbonate in the nutrient lution , the roots of kidney beans
were harmed during the early growth period , and the wilting phenomena of leaves took place. In nutrient olution
having ammonium as main N ource with addition of bicarbonate , the growth gatus became increadngy better with
the increase of bicarbonate concentration. This showed bicarbonate and amnonium coexiging in a nmoderate propor-
tion could be againg the inhibition to beans growth. Under the same treatment , the sequence of uptake anounts
o severd nutrient elements by whole plantsof beanswere: N > K> P> Mg > Fe > Mn; When the amnonium nitro-
gen as main N ource in the nutrient olution , with incread ng bicarbonate concentration in nutrient olution, the N ,
P, Ca, and Mg uptake anounts were a9 increased. Mainly supplying NO; ™ -N in the lution favored for the
accumulation of P, Fe, and Mn in the root parts, and mainly supplying NH; “-N , with increasng bicarbonate con-
centretion in the nutrient olution , the accumulation of N, P, Ca, Mn in the roots took place.

Key words: Hydroponics experiments; Bicarbonate; Amnmonium dress; lon antagoniam; Kidney beans
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