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Summary

In this study, at first, the growth response of vegetable crops to inorganic N (NO;, NH,,
and NO,) were compared under various environmental conditions, and the results were discussed
in relation to the uptake and initial stage of assimilation of N by plants. Then effects of N
sources and temperature of the nutrient solution on growth and yields of plants were investigated
using practical scale of hydroponic system. These results were confirmed by soil experiments.

1. Plants supplied with NO; showed excellent growth except a few vegetables. In most crops
the growth was inhibited with NH, or NO,, and the growth inhibition was more marked with
NO, than NH,. The sensitivity of crops to these toxicities, however, was considerably different
owing to plant species. Both NH, and NO, toxicity were markedly affected by pH and N
concentration of the nutrient solution, i. e., the growth was better in high pH and low N
concentration. Under low-N at pH 7, the growth of some vegetables cultured with NH, or NO,
was as good as that of NO; plants. When plants were cultured with NH,, with a few exception,
a relatively close relationship between growth response and leaf NH,-N concentration was
observed, i. e., the better the plant growth, the lower the NH,-N concentration in leaves and
vice versa. From the results of analysis for amide-N and insoluble-N, the possibility that N
assimilation was delayed or stopped in plants injured by NH, was suggested. In general, NH,
nutrition decreased leaf concentration of K, Ca, and Mg and rather increased P as compared
to NO,. On the contrary, when plants were supplied with NO,, no significant interrelations
were observed between growth response and leaf concentration of nitrogenous constituents.
Nitrite nutrition reduced the concentration of all inorganic elements including P in leaves. From
these results, NO, toxicity in plants was deduced to be caused mainly by inhibition of root
functions such as respiration and absorption of minerals and water.

2. The preference between NH, and NO; in N absorption was different owing to vegetable
species and solution pH. Thus, vegetable crops were classified into five groups based on the
N absorption. From these results, it may be deduced that plants which absorb NO; dominantly
irrespective of solution pH are sensitive to NH, toxicity, and plants which absorb NH, dominantly
are tolerant.
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3. The toxic effects of NH, were reduced or alleviated and leaf NH,-N concentration was
decreased with combined application of small amount of NO;. As compared with NO, nutrition,
growth enhancement was often observed from the addition of NH, to the solution containing
adequate amount of NO;. The concentration of leaf NO,-N was increased with increasing NO,
concentration in the solution. At low-N level, leaf NO,-N concentration was lowerd with
increasing ratio of NH, to NOj; in the solution. In high-N level, however, lowering of leaf NO;-N
concentration was hardly recognized in plants which absorbed NO, dominantly even if the ratio
of NH, to NOj in the solution increased. Solution pH increased with NO; nutrition and decreased
markedly with NH,. When plants were supplied with NO,+NH,, solution pH decreased irrespective
of the ratios of NO, to NH, in the solution in plants which absorbed NH, dominantly. In plants
which absorbed NO; dominantly, solution pH was kept relatively constant for a long period
when plants were grown with the suitable ratio of NO, to NH, in the solution.

4. When plants were cultured with the solution containing NO, and NH,, the growth was
almost equal to or better than that of NO, fertilized plants, whereas the concentration of K
and Ca in leaves was considerably lowered. When plants were fertilized with NH,, the growth
was generally inhibited and the concentration of K and Ca in leaves was markedly lowered.
Increasing K and Ca levels in the solution increased the concentrations of both elements in leaves
but scarecely alleviated the NH, toxicity. The present results suggested that the decrease of
concentration of cations such as K and Ca in leaves caused by NH, fertilization was not the
main factor of NH, toxicity.

5. The results from experiments about the effects of CO, concentrtion in the air and light
intensity on the utilization of NO; and NH, by vegetable crops may suggest the possibility
that NH, is rather more effective N source than NO, under higher air CO, concentration or
lower light intensity . Moreover, N concentrarion in the solution need to be kept relatively
high to expect the yield increase by CO, enrichment.

6 . The growth of several leaf vegetables was increased with increasing either solution
temperature or ratios of NH, to NO;. However, too high ratios of NH, to NO, in the solution
under low solution temperature resulted in a smaller growth increase in winter lettuce, and
caused the death of plants at seedling stage in Japanese honewort. When welsh onion plants
were cultured with NO,;+NH,, the leaves became dark green and hard and the marketability
was raised up. From these results, it was proposed that NH, supply could be raised up to 40
to 50 % of total N in practical hydroponic production of leaf vegetables. In these cases, however,
solution temperature must be kept relatively high. Especially in lettuce production, attention
shoud be paid to the fact that solution pH may decrease markedly when plants are supplied
with mixtures of NO; and NH,.

7. Effects of NO,;/NH, ratios and temperature of the nutrient solution on growth, yields,
and blossom end rot (BER) incidence of tomato were investigated. From the results, it may
be suggested that in practical hydroponic production of tomato, the nutrient solution shoud
exclude NH, in warm season when BER may easily occur. In the cool season with low light
intensity, however, solutions containing NH, up to about one-third of total N may be
recommended for promoting plant growth and keeping plant vigor.

8. From the results of soil experiment, it was proposed that suitable application of ammoniac
fertilizer with nitrification inhibitor is useful for gowing plants in the ordinary fields, although
attention should be paid on the species of vegetable crops and growing conditions.
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Table 2.
N nutrition (% dry wt.)

Bull. Univ. Osaka Pref., Ser. B

[Vol. 40

Concentration of NH,-N in leaves of vegetables grown with various

pH S - 2 me/l pH 7 - 12 me/!
NO, NH, NO, NO, NH, NO,
Sweet corn 0.015 0.015 0.016 0.020 0.050 0.048
Strawberry 0.014 0.020 0.018 0.010 0.039 0.037
Melon 0.009 0.056 0.012 0.017 0.071 0.026
Cucumber 0.017 0.062 0.034 0.019 0.074 0.032
Water melon 0.022 0.049 0.038 0.023 0.048 0.028
Okr 0.026 0.081 - 0.037 0.094 0.032
Eggllam 0.022 0.053 0.026 0.021 0.050 0.023
Tomato 0.054 0.148 0.054 0.027 0.164 0.060
Sweet pepper 0.017 0.080 0.039 0.015 0.097 0.014
Tender soybean 0.014 0.021 0.012 0.010 0.024 0.023
Pea 0.037 0.091 0.034 0.045 0.071 0.042
Kidney bean 0.034 0.141 0.032 0.027 0.198 -
Seri 0.020 0.066 0.043 0.023  0.105 -
Lettuce 0.015 0.057 0.027 0.032 0.198 0.080
Celery 0.035 0.084 0.060 0.032 0.130 0.075
Garland chrysanthemum 0.013 0.178 0.022 0.022 0.180 0.100
Japanese honewort 0.015 0.188 0.032 0.016 0.127 0.140
Cabbage 0.029 U.129 0.115 0.043 0.211 0.154
Chinese cabbage 0.044 0.185 0.169 0.074 0.669 0.180
Spinach 0.014 0.034 0.027 0.020 0.117 0.043
Potato 0.041 0.055 0.038 0.023 0.047 0.027
Carrot 0.025 0.055 0.031 0.021 0.086 0.029
Radish 0.027 0.229 0.058 0.026 0.684 0.038
Turnip 0.023 0.069 0.034 0.034 0.342 0.092
Japanese radish 0.033 0.156 0.081 0.039 0.608 0.055
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Fig. 1.

Relationship between comparative growth of
the top and NH,-N concentration in leaves
of vegetables. Plants were cultured with NH,
nutrition at 2 levels of solution pH and N

concentration. No. see table 1.
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Table 3. Relative value of concentration of N, P, K, Ca and Mg in leaves of vegetables
grown with NH, or NO, nutrition (NO; =100)
N form in the nutrient solution
NH, NO, NH, NO, NH, NO, NH, NO, NH, NO,
N i X Ca_ Mg

Sweet corn 104 116 99 94 88 95 83 111 75 113
Strawberry 111 106 88 83 90 88 77 63 82 82
Melon 124 103 128 77 96 88 37 86 47 106
Cucumber 129 117 91 89 94 81 40 58 52 81
Water melon 100 100 156 89 64 78 25 81 38 87
Okra 122 101 146 - 124 - 28 - 67 -
Egg plant 113 106 85 86 72 96 49 84 57 96
Tomato 123 106 139 95 53 72 37 76 50 100
Sweet pepper 165 140 116 107 49 80 31 73 42 72
Tender soybean 103 98 144 59 95 73 56 84 65 84
Pea 88 84 223 79 103 84 96 88 123 121
Kidney bean 96 107 152 75 101 69 56 68 97 99
Seri 102 89 129 70 87 81 90 94 82 82
Lettuce 102 95 125 63 71 65 72 98 101 89
Celery 86 87 79 56 110 77 68 84 100 116
Garland chrysanthemum 111 95 167 98 79 78 81 97 95 112
Japanese honewort 124 91 108 67 75 81 71 82 75 73
Cabbage 122 117 141 86 80 68 54 69 81 94
Chinese cabbage 112 102 127 93 96 85 66 73 81 96
Spinach 114 111 178 84 57 63 47 91 34 47
Potato 106 98 130 100 91 90 33 57 52 73
Carrot 102 94 89 73 95 83 82 96 72 91
Radish 90 91 159 115 138 88 67 64 82 92
Turnip 109 108 147 118 97 81 56 66 76 101
Japanese radish 116 109 192 98 114 68 51 60 89 98

7 (No. 8) x>k, D NH, N REIMHEL
D NH,EXBL T 50NN LIEPLIHFEL,
NH,-N OBFIEEL NHIXTOABTRTRDFEH &
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DNO,NZBODTHETH D, HFHHPD NORE
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HINHEXBZLABLLALDLLOCDE LD
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ENBUAEB ORI IIH LB % BT DE
HTHY, EERCOEREZNFALOED LHHT
S0 TH LV,
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NO;X % 100 & LT NH.,X % XU NO,X 2T
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iy, EHROLENBIUPREIREAL, K, Ca,

(5)
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BEOLDAREL, P, K, Ca, Mgz + h
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1% #
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Fig. 2. Effects of NO, and NH, concentration in
the nutrient solution on growth of vegetables.
(Above: pH 5.0, Below : pH 7.5)
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b5 22, NHABK X - T LA NO,M
b LFRAEBEY R THEELE DT 2D X
5Ic B RIG B A7 8F NH M7\ U NH gt oD
By, VEAASF D YS>EALY —->E—-T VT
BT

pH 5.0 TD NOALE X, pHT.5 DFBAERHXRT
EZLVWABHERX L L, NOKEIFHF L& X
W Fho NOBE TH LRI LIc, %
¥ NO, 2me/ITNOHEADSEILTOEFTR L
h, 8 me/ITXEnY —, £©—TViHEKL
£ Utko LALDPHS5.0 0 NHAETIE, FFFD
AFRICIEFEZELVWEEBINLL, VEADAEIR
NOBE A Z R LBl - 1o,

HEYEO TR
AERITEWTH, Ed NO,NEREXNOEH
OHETT oD TEL, EEMLHEIIR#ETH -

Table 4. Effects of N source in the nutrient solution on N constituents in leaves of vegetables
(pH 7.5). Data are expressed with % on dry weight basis.
NO, NH, NO, Ny, .N amide-N insolN totalN
(me/l)

12 0.021 0.055 4.14 5.80
8 4 0.026 0.051 4.58 6.02
4 8 0.049 0.063 4.80 6.50
Cucumber 12 — - — —
8 4 0.025 0.047 448 5.91
4 8 0.029 0.045 4.82 6.05
12 0.044 0.056 4.83 6.21
12 0.062 0.083 2.29 491
8 4 0.084 0.130 2.76 5.00
4 8 0.159 0.209 2.66 5.11
Celery 12 0.275 0.429 2.55 491
8 4 0.078 0.115 2.71 4.55
4 8 0.098 0.132 2.81 462
12 0.081 0.292 2.80 4.75
12 0.035 0.036 3.82 5.85
8 4 0.059 0.064 4.12 6.49
4 8 0.083 0.116 4.96 7.21
Sweet pepper 12 0.355 0.417 4.93 8.31
8 4 0.054 0.078 3.70 6.46
4 8 0.088 0.281 3.74 6.56
12 0.186 0.312 3.28 6.03
12 0.076 0.089 2.58 5.22
8 4 0.173 0.210 2.78 5.45
4 8 0.247 0.240 2.74 5.59
Lettuce 12 0.299 0.351 3.00 5.45
8 4 0.104 0.136 2.52 4.61
4 8 0.117 0.164 2.39 4.12
12 0.185 0.261 2.42 4.39

(7)
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Fig. 3. Effects of NO, concentration in the nutrient
solution on NO, toxicity of vegetables (Left:
pH 7.5, Right :pH 5.0)
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% 24
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Classification of vegetable crops owing to the preference of N form in absorption

Vegetables which absorbed

more NH, than NO,

more NO, than NH,

each form of N

almost equally
Sweet corn Lettuce Pea Sweet pepper Eggplant
Strawberry Celery Water melon Spinach Tender soybean
pH5.0 Melon Seri Kidney bean Chinese cabbage
Cucumber Mitsuba Tomato Cabbage
Garland chrysanthemum Turnip
Sweet corn Lettuce Spinach Kidney bean
Strawberry Celery Chinese cabbage Cabbage
Melon Seri Turnip Pea
pH7.0 Cucumber Eggplant Tomato
Tender soybean Water melon
Sweet pepper Mitsuba

Garland chrysanthemum

1y
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Table 6 !N content of plants grown with *NO, + NH, or NO, + ¥*NH, (mg/plant)
Days after Sweet Sweet Kidney Tender o
treatment N source corn Tomato pepper bean soybean Lettuce Spinach
3 NO, + NH, 0.98 1.57 1.09 1.19 0.27 0.63 0.88
NO, + *NH, 1.68 1.45 0.83 0.65 0.28 1.31 0.25
7 NO, + NH, 1.83 5.38 2.80 4.62 1.19 2.12 2.67
NO, + ¥NH, 3.15 5.12 1.71 2.67 1.02 4.00 1.30
Table 7. Content of ** N in insoluble- and NH, -N of lettuce and spinach leaves
Insoluble-N NH,-N
Days after N N atom
treatment %
N source d.wt Atom % mg % %
excess plant total-* N excess
Lettuce
3 1NO, + NH, 2.41 1.28 0.43 79.6 1.86
NO, + ¥ NH, 2.48 2.78 0.83 76.1 4.66
. 1SNO, + NH, 3.23 2.40 1.26 67.4 3.11
NO, + *NH, 3.05 4.16 242 70.6 6.02
3 NO, + NH, 3.61 1.92 042 52.5 4.00
NO, + *NH, 3.59 0.83 0.16 88.9 0.79
. 1SNO, + NH, 3.81 3.87 1.43 60.3 5.23
NO, + ¥NH, 3.89 1.89 0.70 74.5 1.77
& xR DI~4fEORETHRE IR, L L, EHLEN
WO NE (F6%) X, bvERIY, ChDATBEENOEEE, ABRBEOWTHOA

V& AT NH, 13RO PN 2 NO;HEKD S DD 2
ERELEL, 1 VXV A, F7 LV YT
iz NOHIk DN A NH,HRD S DD 1.7~3.9 £
EED ST,
FIRORT IO, AEI BRIV T HEDL
FThieEWwTdh, UV ZATREOREMENFI NH,
HEDPN A NOHRD S DO 2 5 HFFE Lico ¥
7= NH-N T4 NH,BRDONEBENRED - o
ERLEENLC HEDEREEPNOEIGIE, AEI3 A
BRIVTHHEELDL, GNXTERBRE TH T, &
hies e vy v o Tid, REENFDPNZ NO,
HROLDOBRHELME L, B3 HRTNH,.H
KDLDD2.61%5, THHRTS 2EHFE L. BT
NH,-N iz i, NO,HRD N A NH HED L D

(13)

T3, “NHXDE 5> HHLBICE T,
RKRER2. b7 FDOPNO:H DI NHBRBISH & &
bkl
HRR O
PR MNIEITEELER RO 5 E T, 1/2HBNDOR
RS ERERE TAS Lico #REBT 1ERMEITEL
THIMEFL2EZBRLTHLL, FHEIITFFVER
L OETERRE LTz, BT, 7.07 atom% D Na*NO,
& 7.01 atom% @ (**NH,),SO, % NXxBginz % &
L kb, “NO;+NH, (6 + 6me/l) , NO;+NH,
(6 + 6me/l) X ®NO,; (6me/l) , ®"NH, (6 me/l)
DARBFR I FILED 2 ~ ITEHBTE LK,
HEBORL EH - il Z RS, BEMATR G
BEBBCB L THBBHE N YRR, ABEKRTHE,
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Table 8.  Percent distribution of labeled nitrogen in tomato plants

Position of plant parts *NO, 5NH, *NO, +NH, NO, +NH,
3 2.10 2.84 1.73 2.46
Fruit 2 3.94 8.66 5.82 7.36
1 9.87 12.66 12.82 16.48
Total 15.91 24.16 20.37 26.30
3 12.24 9.25 12.10 9.60
2 10.57 7.52 12.01 7.74
Leaf blade 1 8.84 6.36 10:30 5.48
0 6.45 5.22 6.57 4.98
Total 38.10 28.35 40.98 27.80
3 3.31 2.65 3.65 2.79
Petiole 2 3.10 2.74 3.78 3.45
0 1 3.22 2.61 3.82 2.86
0 2.90 2.89 3.18 3.01
Total 12.53 10.89 14.43 12.11
3 2.00 2.55 1.97 2.38
St 2 2.14 2.60 1.94 2.21
em 1 1.98 2.66 1.93 2.18
0 3.88 4.99 4.05 6.00
Total 10.00 12.80 9.89 12.77
Root 23.45 23.80 14.32 21.02

HYHEERET L UMD, FFEMEEOL2E, T1
B GH3EAYOSFTERABMSE L, RWVTER
Tho® B REOEBECSBRULICY, BIFERE
HEERCGTTHIARE L, ThZhicoWwTEN
BELRE LT,
i e

HBEKIRLEDIE, NO3H AW IE NH, THA L
FBN D 48 ByRIR DA G HTH D, “NOBH D
BE, BLELOHMLLDOIIELTI8.IHBIEL
Too REED ST-DIFIRT, 2.5 Th T 2 h
LI EMOBE~DOFMEI L DEL, BRE,
W, 2~2FhFh15.9, 12.5, 10.0% & 7= -
foo BNO;+NH, DB E DN 5 4i b “NO B H D &
& LA ERE R LI, BAOSHIZENRLD
BHLIE, T, Thicx UTPNH, B H T,
BEHE~DOGHRRIED > TEDD 28. 4% 1B E
T, RE~OHGMENRL, B (23.8%) LHABE
D24.2% LT > TcDBREHIND, NO;+NH, T
BEHLREOHGMEDOENFER N LT, *
hExh27.8%Kk10026.3% &% b, 8 (21.0%) X
DB LMCED 5Tco NIEE LTDPNO, & *NH, %
HET 5L, BIERESROER~D, BEHEIRE
BROZE~DGHHB LD 5 T,

RICHZBEDOTMA A H RAE, NOD BT
NHOWFhENE & LSS, EH TR LA
DHDRE, FLRETRBLCTEDOSDEIFESH
EhR@ED -Tc. B TRIMLEMNOSFHELTDE DI
motoo ETRRIGEWE TMOESITE M 5 T,
FREADOHEA TG E A EED T 5 Teo
REX 3. NHEIERFERATHED xylem sap A7 NH,-N

B
HRLR O

AR, NHAREEORB LTI Vi Y~
AEPTRTHD, MrRELLBHAAERL~5KOX
& XORF, NO;12 me/lH LU NH, 2, 12 me/iD 3 f&
DNAEXIB L, K#ETLABLZHB L, F0H%,
FIH (UEBHBERE D, NHERF B LRV
B, SBIH (< B NHERKER LR B
JUEIH (NHERBECRED D) wrhr
R xylem sap #42H U7, sap i, W EOHER % 1
em BERLTHA 7 CYKT L, 2 7 R%A% 1 mm
DH T AMET 10 FEER LichH, WFh SR 9 8
FEHIFEYHBL, FRiFRELIO> LIz, BERL
Tz sap (XEBIKBIR L, £OHNFRER L H NH,-
N&EEeNZRELI, FEKDOPHIZ6.0- 1L, 3KHE
DREHIT - 1o,
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Table 9. Concentration of NH,- and total-N in xylem sap of plants grown with
different form and concentration of N.
NH,-N (ppm) Total-N (ppm) NH, -N/Total-N (%)
Sampling NO, NH, NO, NH, NO, NH,
€ y
stage 12 2 12 12 2 12 12 2 12
1 18.5 427 67.5 561.5 330.2 410.3 3.29 1293 16.45
Kidney bean II 23.5 30.8 53.2 5229 303.7 2769 4.49 10.14 19.21
III 23.5 413 58.1 674.6 416.0 475.8 3.48 9.92 12.21
I 36.7 102.9 130.7 387.6 7109 602.2 9.47 1447 21.70
Tomato II - 32.1 1014 — 221.0 4246 - 1452 23.88
111 49.8 51.1 125.5 596.0 320.6 624.3 8.36 1593 20.10
* L NH, toxicity was not recognized.

1L
III.

i ®
EIRKELRT IO, NOKIZBWTIE sap D
NH,-N W Fh ORI R I b, B
SBEEBFNNRL, 4 V5 V= AT 20 ppm A
#, P PTRINRIDE 40 ppm FIETH - oo
NH, % NE & LB A1 2me/IX T3 NOj12me/!
XIDSBETHH, mOBER+STDO NH-NRE
T OLEBETH -, sap D NH,-N BT NH,
L2me/IXR TR &EL D, 1 v v =< 2250~170
ppm, b < h{X100~130 ppmDfE%* = Liz. sap
FTNH-NRENKLHEDBE T, NO;12 me/!
KTRA VY VYTATI~4%, < hTXHIE
FED 5 oD, NHX TiL 2me/ITTH A v Y
< AT 10~13%, b= b T2 14~16% &7 h, 12
me/IDBERRINIDERLFSVEEG & T,
¥ fc sap PNH NEECIIRENELIRD D h,
T NHEZORBMNED b WNH BB H
BOFITHMERLIEL, bThric NH,EDOREN
RHLMEENPIZZN LI VETL, NHEHH
B S BB LR L,
ES =

A B TED Bl X 5 i 230 N R
i, "NEHOCTT > eARKHORKR I L - THHE
FEIhi,

&I ATARER T, NHEZ#H DL LTY
BA%, FhBLLDOLLTHAT VY Y I RED,
NOBIRIEG Tio { AR DWW TH e Lz, £D

(15)

Slightly visible symptom of NH, toxicity was recognized.
Visible symptom of NH, toxicity was recognized clearly.

BR, VAATREDLO NHNRZITRESENK S
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THHEO®HI BT, “NOH 5 WIEESNH,DO W
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B ThH NOHKRDOENBBELEMCE L 5Tz, Lk
LAE 3 FECIRIRIRI N2 ND 5B, NOfh
kDb DX 53%H, NHHFED S DI 89% BAEE
HENEAED, THRRIEENERN 60, 5% HBAE
N LR ST, BEDZ EMD, FyL VY Yy
D NH,-N R RBEHENI NOHED SN A4\
DI NOOBRHABEE L TWAEZLORBTH -
T, R VY YU TRBERIRICERIINOGLD ST
LANH, D@’ HELEERERE-ZDEEL DR
5o

EBR2EBWVLTE, EHTBRBREh NO;D 5
Wi NHAUI R G A TN ThEBELH 5 2 &5
Blgant, Tihbbdb, NO,TRINENINITES
~NOBITHEEN - TH L, B, %, RELE~OD
BiTRA ot Thiext L, NH, TRERXh
TN ES L RERE L, ERH, b T,
efil, EWMTIENOHRONMNE L, Zicid NH,
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Fig. 5. Effects of NO, /NH, ratios and N levels in the nutrient solution on growth

of plants.
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Fig. 6. Effects of NO,/NH, ratios on the change
of solution pH.

Table 10.  Effects of NO, /NH, ratios and N levels in the nutrient solution on
NO,-N concentration in leaves of plant (% d.wt)
Treatment )
(me/7) Lettuce S;lblgzzz Spinach Turnip
NO, NH,
3.0 0 1.62 1.77 0.96 1.08
2.5 0.5 142 1.88 0.77 1.07
2.0 1.0 1.01 1.95 0.68 0.69
1.5 1.5 0.72 1.37 0.37 0.79
1.0 2.0 0.59 1.02 0.21 0.56
0.5 2.5 0.26 0.51 0.10 0.20
0 3.0 tr tr tr tr
12 0 1.66 2.10 1.39 2.27
10 2 0.93 2.64 1.08 2.16
8 4 0.99 2.70 1.22 1.98
6 6 0.90 2.25 1.24 1.95
4 8 0.72 2.12 0.99 1.84
2 10 0.64 1.62 0.58 0.92
0 12 tr tr tr tr

an
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Fig. 7. Effects of N source, concentration and the combination of NO, and NH, on
growth of plants.
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Table 11.  Effects of N source, concentration and the combination of NO; and NH, on
NH,-N and NO, -N concentration in leaves of plants (% dry wt)
Treatment (me/}) NH,-N NO,-N

NO, NH, Lettuce Cabbage Spinach Lettuce Cabbage Spinach
1 0 0.029 0.027 0.030 0.23 0.13 0.12
2 0 0.029 0.030 0.033 0.85 0.82 0.36
4 0 0.031 0.034 0.033 1.18 1.54 0.61
8 0 0.031 0.037 0.035 1.28 1.64 0.76

16 0 0.028 0.040 0.036 1.34 1.72 0.94

24 0 0.029 0.041 0.030 141 1.90 0.93
0 1 0.054 0.054 0.058 tr tr tr
0 2 0.123 0.165 0.075 tr tr tr
0 4 0.169 0.211 0.068 tr tr tr
0 8 0.167 0.282 0.104 tr tr tr
0 12 0.196 0.392 0.154 tr tr tr
4 1 0.057 0.045 0.033 0.67 1.23 0.50
4 2 0.104 0.051 0.033 0.44 1.05 0.52
4 4 0.097 0.061 0.042 0.38 1.25 0.62
4 - 8 0.121 0.076 0.040 0.35 1.11 0.63
4 12 0.130 0.130 0.048 0.32 1.03 0.57

12 2 0.073 0.052 0.040 0.69 1.59 0.98

12 4 0.094 0.060 0.048 0.66 1.69 1.07

12 8 0.100 0.085 0.054 0.67 1.48 1.10

12 12 0.125 0.114 0.050 0.59 1.52 1.18

¥ TRIEBEVRBVESIIE, FHEED NOKH
% 15~30% k[ - fo,
MBRTREOFEFNHNEE (F11R) L, &%
F&H NO;v Y — XT3 0.03~0.04% L&D » oo
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Table 12. Concentrations of K and Ca in leaves of vegetables as influenced by N form
and K or Ca levels in the nutrient solution
Treatment .
N K, Ca Sc‘gf:t Cucumber Tomato Kég;ﬁy Lettuce Cabbage g‘ég:{; Spinach
form level
K me/! K, % dry wt
2 6.26 2.70 1.62 432 6.82 2.88 4.90 9.10
NO, 6 6.44 3.34 3.66 5.07 17.74 3.96 5.40 10.38
18 7.08 5.10 4.30 6.84 8.82 6.32 7.28 10.96
2 5.68 2.48 1.76 394 596 3.06 5.02 9.44
Noif§$~ 6 600  3.08 362 414 632 380 562 1034
a: 18 6.26 4.80 4.78 550 7.58 6.86 5.90 10.76
2 4.80 2.20 1.92 3.26 3.08 2.76 3.80 4.60
NH, 6 5.80 2.36 2.08 412 492 3.70 498 4.96
18 6.32 3.80 2.52 5.34 6.18 4.96 5.74 5.46
Ca me/] Ca, % dry wt
2 0.23 1.96 1.82 1.68 0.53 1.70 1.78 0.62
NO, 6 0.32 3.64 342 2.88 0.72 3.74 3.08 0.84
18 0.39 5.36 4.26 410 0.75 5.10 4.44 1.26
2 0.16 1.02 1.06 1.32  0.39 1.48 0.61 0.50
N?iTTH4 6 023 158 1.94 228 060 290 123 066
1) 18 0.34 2.54 2.90 296 0.63 4.22 3.26 1.24
2 0.15 0.78 0.68 1.11 0.29 045 0.68 0.24
NHa 6 0.15 1.20 1.00 1.66 042 0.75 0.95 0.40
18 0.29 1.74 1.46 264 0.62 2.80 3.10 0.70

(23)
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32K %, B D2 HITL CO,% 1300 ppm DEE T,
FRITRENDFRARTITHA L, s-Frhfho—
T BEEA L« TREVEXAE LK LA, EXRT
REREETH 0% Th - 1o

#& S

FBLRRERT IR, BEXKERTB4%E
DEFIX COMBIT L DL L, &iC
F2U VTR, £FDH - NHXTE 2% CO,
1300 ppm TiE, 360 ppm DV FTHONUE X b
EWEDLSE I 5o, ¥ CO, 360 ppm OBE,
ThoXXS NOJXTIZ2<6=12me/l &, E#H
BHRFONBES 6me/l Ll LICEDTHH FEEIT
&AM LIt - fohd, CO, 1300 ppm Tl 2
<6<12me/l &, FHEBRFONBENEF B>
T EEEISEM Lic, T X5 AT, EX
KEEWTE—BEETH >, BXRE BT 5+
ROEFR, HMEXXIDBELLISE A, HEX
KTh+ 27 Vi COMBITLOAEBTIRHES R,
EKX D CO, 360 ppm & ABEDEER R LT,
Chit L, xY vy ooEXRREEWTIE, CO,
HMBRRNZEAERBD ORI 5T, Flo b= b

Table 13.  Effects of CO, enrichment (CO, 1300 ppm) on dry weight of top of plants
grown with NO,; or NH, nutrition (CO, 360 ppm = 100).
NO, NH, Cucumber Tomato Spinach
(me/7) Un-shaded ~ Shaded  Unshaded  Shaded  Un-shaded Shaded
2 0 167 116 145 102 114 103
6 0 168 139 142 115 135 104
0 2 185 160 178 154 144 118
0 6 171 149 179 167 161 115
Table 14.  Effects of 40 % shading on dry weight of top of plants grown with
NO, or NH, nutrition (Unshaded = 100).
Cucumber _Tomato Spinach
CO, concentration (ppm)
NO, NH,
(me/}) 360 1300 360 1300 360 1300
2 0 70 46 78 55 53 39
6 0 69 44 67 54 50 40
0 2 49 73 69 60 54 43
0 6 64 54 61 57 62 47
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Table 15.  Yields of lettuce plants at the end of treatment as influenced by NO, /NH,
ratio and temperature of the nutrient solution (g/plant, Winter crops)
Top Root
N source _— D ——
(me/7) Solution temp. Solution temp.
NO, NH, —
12 18 24°C 12 18 24°C
12 0 3.77 461 4.66 0.94 0.84 0.71
10 2 4.39 5.15 5.99 0.98 0.73 0.68
8 4 4.72 5.77 6.29 0.97 0.77 0.73
6 6 4.41 5.65 6.47 0.99 0.79 0.77

(30)



1988]

3/9 (me/lH) & 18, 24, 30C L &AL 12K T
b5,

IV I TLEVEFL—TREBE LD, TER
B 1 F o — T4 D 8HL D LS ITRB L THAL
Too BIBOFEZV ZRADHEEBEURAKTS BB,
RIS 2 T3EDOERRIT - oo LEIR, WThoOR
#4 NO,/NH,=12/0, 9/3, 6/6, 3/9 (me/lkk)
L 11, 18, BCLEHMERII2ZKTH %,

VaVFIRORF v vEIIERNFAEERT
B L, BEARERN4~5K- B, xFi3y
VBV F o~ TREBLIDIDON3~4 ecm CAEF L
BFIC, ThZThABEHMR LI BRBXFTE, h—x—
aVEBERDR Y N 2BIEEST, ERFThI0%
BFIE Uteo ALERIT, a2 v ¥ 7311, 18, 25C, ¥
i3 14, 21, 28°C &, *hFh NOy/NH,=12/0, 9/3,
6/6, 3/9 (me/ltt) LEHEERILI12KTH S,

# R

VEAIEISRERT LI, XD~ Y 2K
BB AL 220 EEER, —BRERERYES
A IeDBEBHTHD, 24aCOEEFIT 12CI X
T12/0 T2 24%, 6/6 TX4T%DINEMNT
Holeo TRNHEOEEL XX, HIR24TT
1212/0<<10/2<8/4<6/6DIETNH,D

Mar. 4. — Apr. 7.
150F

100

501

o .-
gs
L -
x| -
% -
0
N an
Q-
%! -
2] -
&N -
]
=
X .
N -
O

Relative value of top dry weight (18°C, 12/0 = 100)
vy
=
T

May 2. — Jun. 2.

IKEDA : Studies on the Utilization of Inorganic N by Vegetable Crops 103

En@Ed bR ELEEBRIFELLD, 6/61212/0
D40 B L HEWEN S D 5o, —F 12CT TR,
EBRETIRRCRLEENRI DX 8/4THD,
6/6 XTI VEBARTH ~Tco M THDAEF
I EoEE LI, BREMENBERFTH-
fohd, NIERBOEEIMOATERL -,
BIETIX, ABRFTHILE L LIcTo DI LRI 2
HEETHY) - 7o b, BERORE & NOy/NH, A
HBCRIFTEEL, XFEITRAKLERNRD
bk, 12 L, 30CTiR 18, 24C LRI, 6/6
FCR NHOUKRAE T LRI EREL A E -
o, 3/9TiH12/0 L HRBEDOAEEFET LKL -
oo
ABEREDC >N TESFNH-NEBEZR K-
Tehd, #IZ12C » 6/6 TIXABBEDOEE LS T
DHRBRDWe, WROEEL R LEL T O
PT, BiREEEFBREIIED 5T, BERFO NO,
ENHDEEROEWE LD, FEEROEFRE
BHLRERYRTIENE DL ST, &N, L
ThoRETH 12/0<10/2< 8 /4 DIRT, %%
BrHhD NHOURNEL RIS TEARE D
B BAEERBED Shl, EFK, Ca, NO;-N
BRER, BR12/008EbREBETHD, 6/6 N

Oct. 24 — Dec. 3.

11 18 25 11

-]
[
7]

18 25 11 1

Solution temperature (°C)

NO, /NH,
(me/I ratio)

[w] = ]

12/0 9/3 6/6 3/9

Fig.13. Effects of NO,/NH, ratios and temperature of the nutrient
solution on growth of Japanese honewort.
Above: Dry weight per urethane cube.
Below: Dry weight per plant.
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Fig.14. Effects of NO,/NH, ratios in the nutrient
solution on the percentage of plant death of
japanese honewort caused by NH, toxicity.
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Fig.15. Effects of NO,/NH, ratios and tem-
perature of the nutrient solution on
growth of tomato plants. (1983 Spring)
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Fig.16. Effects of NO,/NH, ratios and tem-
perature of the nutrient solution on
the yields of normal fruits and BER
incidence of tomato. (1983 Spring)

RIFITELL, BIEBORM KL 2CTHD 2B Y%
BETLLhsT,

12/ 0 Tik, 20~30CT1#%4-03kg U ELDE
WIRENRE SRR (B16X) , 35CTik 2.6 kg
EETL, I5CTRELEV2.2kg LrBbhi

Bull. Univ. Osaka Pref., Ser. B

[Vol. 40

Pofeo —H9/3 T, 20CTRIBNREE L -
b 2.4kg B EF, 30, 35CTIT 1.1 kg BE L
Ik o fo,

REBREOFAZ, 12/0 TR WThd 5~7.5
% EEL, WBOHEBIZEAERD LN 5T,
L, 9/3 TORBRERARIZ12/0 &
DAL ED - 1215, 20T Tik 30 ¥ RE
DRAERTH T bON, 25CL ETRBEREMN LR
THEONTEL LD, 35CTTIE 65 BKITE LT,

Hl1eELD IO, ¥EHN, PEREITI/3512/0
Xo&Epmrskn, K, Ca, Mgititcwwh
9/3DIESMEMI 5T, MNAEBDZEL T LHE
KERDHLN-DE CaTHD, 9/31212/0DFY
60 XBREDORETH-Tc, P CalBEIZ12/0T
12 20CH, 9/3 TIX15CHRLEL, BEMN LS
KORTET Lz, BR2BCU FOERTHE
THEL» .

1983 FFKPE : BKIETIE, F 1 REDONENIZIT
BT LA TRIADEE LERVITY - o lodic
A EIZRE Lich - T BEBNEITIEFOS
GERLD, 12/0X0D39/3Di3>5 0% 5T,
FEARIT 12/ 0 TRV ThOBRE TH £ e

Table 16.  Concentration of total-N, P, K, Ca and Mg in leaves of tomato plants
as influenced by NO, /NH, ratios and temperature of the nutrient
solution (% d. wt. 1983 Spring).

NO, /NH, Solution temperature (°C)
(me/7) 15 20 25 30 35
12/0 3.08 3.22 3.17 3.09 2.85
9/3 3.49 3.46 3.66 3.42 3.38
12/0 0.52 0.69 0.72 0.67 0.63
9/3 0.68 0.88 0.91 0.88 0.76
12/0 3.23 3.37 3.52 3.38 2.81
9/3 3.23 3.63 3.76 2.96 2.05
12/0 5.28 5.39 5.13 4.82 4.48
9/3 3.96 3.63 2.73 2.77 2.24
12/0 0.58 0.67 0.57 0.53 0.51
9/3 0.61 0.56 0.51 0.51 0.38

(34)
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Fig.17. Effects of NO,/NH, ratios and temperature of the nutrient solution on growth, yields of
normal fruits, and BER incidence of tomato (1984 Spring).
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Fig.18. Effects of NO,/NH, ratios and temperature of the nutrient solution on growth, yields
of normal fruits, and BER incidence of tomato (1984 Autumn).
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Table 17 Chemical characters of used soil
pH EC C N P,0, K,O CaO MgO CEC
(H,0) (XCYy 1:5) % % mg/100 g soil me

7.05 4.77 0.02 0.05 0.01

14.3 3.11 189.7 28.7 0.07
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Fig.20. Effects of N form and nitrification inhibitor (MBT) on yields of lettuce, garland chrysan-
themum, and spinach grown with “Masatsuchi”. (Pot experiemnt)
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Fig.21. Effects of N form and nitrification inhibitor
(MBR) on yields of lettuce and spinach grown
in the field of the university farm. (Field ex-
periment)
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