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Effect of Ratio of Ammonium to Nitrate on Organic Acid and
Starch Content of Spinach
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Abstract: [ Objective] Research was carried out to study the effect of ammonium-enhancement nutrition on organic acid and
starch content in spinach (Spinacia oleracea L.). [Method] Hydroponic experiments were conducted in greenhouse, nitrogen form
changed by properly increasing ammonium concentration in nutrient solution. [Result] Content of pyravate, citrate, a-ketoglutarate,
succinate, fumarate and malate in spinach shoots increased with the decrease of NH, -N/NO5-N ratio, and which were significantly
and positively correlated with nitrate concentration in nutrient solution. The content of pyravate, citrate, succinate and malate in
spinach roots also increased with the decrease of NH,-N/NO;™-N ratio, which didn’t significantly affect fumarate content. With the
decline of NH,"-N/NOjy-N ratios, ratios of pyravate, a-ketoglutarate, succinate, fumarate and malate content of roots to that of shoots
in spinach tended to decrease, while the ratio of citrate content gradually increased. Starch content in both of shoot and root in
spinach tended to decrease with the decrease of NH, -N/NO;™-N ratio, and starch content in both of shoots and roots were negatively
correlated with the nitrate concentration in nutrient solution. [ Conclusion] With the increase of proportion of nitrate supply in
nutrient solution, metabolism of organic acids in both of shoot and root enhanced to provide enough energy and carbon skeleton for
protein synthesis.
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Effect of NH,"-N/NO5-N ratios on spinach biomass (g/plant)

BRI S Fresh weight 3 Dry weight
NH,'-N/NOs N ratios 0 Shoot HLZ Root AxFk Total 20t Shoot 11 Root AFk Total
100 : 0 1.0540.12¢ 0.25+0.06¢ 1.30£0.15¢ 0.224+0.03¢ 0.05+0.03b 0.270.04c
75 : 25 1.8320.12d 0.610.11bc 2.4440.22d 0.354:0.09¢ 0.1120.05b 0.4640.13¢
50 : 50 2.4240.23¢ 0.774£0.26b 3.1940.12¢ 0.594-0.08b 0.130.04b 0.7240.12b
25:75 5.1840.17b 1.52£0.34a 6.70+0.23b 0.9940.12a 0.260.03a 1.25+0.12a
0 : 100 6.2040.26a 1.60£0.25a 7.8040.51a 1.0240.04a 0.2740.10a 1.2940.14a

BB AP AE RS s A S PG /NG P BN R B 3R A BT () 2258 5% 0 1 25 7K-F

Data in the table are Mean + S.D, n=3; Means in a column followed by the different small letters represent significant difference at 5% level
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Table 2 Effect of NH,'-N /NO;™-N ratios on content of organic acids in spinach shoots

HHLB B NH,-N/NO;™-N ratios

Aminoacids 100 : 0 75 :25 50 : 50 25:75 0: 100
R Pyruvate 92.8+13.7¢ 121.7421.9d 177.5+12.7¢ 296.4+14.2b 3332+17.4a
Kl Citrate 247.6+31.7¢ 3543417.5d 396.8+16.5¢ 565.0431.8b 617.8420.9a
o-fiil )%~ o-Oxoglutarate 18.8+2.4d 24.0%1.7¢ 28.2+2.2¢ 47.6+2.4b 69.0+2.8a
JEI# Succinate 135.6%+16.8d 252.8+12.1c 311.1%16.4b 406.8+ 14.8a 429.7+17.5a
HEH R Fumarate 17.2+7.5d 343+5.6¢ 68.8+4.0b 112.8+15.7a 148.7+15.6a
R Malate 193.6+16.5d 342.6+33.4c 599.9421.7b 9853+19.1a 937.9+41 4a

R B A b 2 AT HURIN & e S0 merkg 'FW s il — AT T 8O R /NS 5 BEASAH ) 2R AR BT 1) 22 S5 5% I 5K P Rl

Data in the table are Mean + S.D, n=3; The unit of the content of organic acid is mg-kg” FW; Means in a row followed by the different small letters represent

significant difference at 5% level. The same as below
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Table 3 Effect of NH, -N /NO;™-N ratios on content of organic acids in spinach roots

AR FeAl L NH,™-N / NO;™-N ratios

Aminoacids 100 : 0 75 : 25 50 : 50 25:75 0: 100
Wl Pyruvate 3412424.3d 384.749.9¢ 409.0+16.2¢ 479.8415.0b 533.2417.3a
FFEERS Citrate 399.1412.0e 609.3+77.7d 1139.5+65.1c 1665.7+75.4b 2035.1+147.3a
o-fii /% — & o-Oxoglutarate 90.6+4.3¢c 98.8+2.3b 99.9+3.2b 104.1£3.9ab 108.8+4.9a
BEHIHR Succinate 176.9+8.6d 183.6+8.8d 204.846.7c 237.5410.0b 274.1+10.8a
WEHIZRR Fumarate 124.0+5.9a 128.3+6.7a 128.9+4.7a 134.6+73a 132.3+4.6a
PR Malate 885.8424.5d 945.0+23.7cd 985.24+33.2bc 1033.7+52.2b 1173.6£72.0a

R4 TREMILFHTERRAGNRIESHEMEEANERS ERLILE
Table 4 The ratios of total organic acids levels in spinach root to that of in shoot at different NH, -N/NO;™-N ratios

AL HEAH L NH, N / NO5™-N ratios

Aminoacids 100 : 0 75 : 25 50 : 50 2575 0: 100
PR Pyruvate 3.68 3.16 230 1.62 1.60
¥ Citrate 1.61 1.72 2.87 2.95 3.29
o-fili % — & a-Oxoglutarate 4.82 4.12 3.54 2.19 1.58
JEI# Succinate 1.30 0.73 0.66 0.58 0.64
HEH KR Fumarate 7.21 3.74 1.87 1.19 0.89
R Malate 3.68 3.16 230 1.62 1.60
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Fig. Effects of NH,-N/NO;-N ratios on the contents of
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Ys=66.9780-3.3323x  r=0.9748""

YR =5.9840-0.3467x r=0.9766"
2.5 EFRANTHMSEMENVERS EMHEXED

HE— 0 N P SRAR N Ve B AT R A 6 Rl
BURZ AR . 3 S nTLAEH, BRTIRARLE
BHER IR & 1 S5 UE R & = (R A G R ECh 0.8057, 3L
RAEFIAPURAT R BR R o &, #5 HAH
IV FRIE R P B S A DGR, ARG R A7
0.8780 LA Fo AL, P AT REMIREE b E 4 17

B VWIS ILIR & B Lk SR W R HLE
FMTARIIRR, IR SR R T BE R 32 2 i
RS RS R .

3 g

TR AR DAY 1K) PR PR DA 30T B A2 T o K B e A
fRARHTE AR . T B b 4o R A R R A5 R %
JRNEIRR G FEARREIE T, ARG @,
PRI JEHIR. IEARIRAE RGN,
bt, RS G EIR LR HUR M WY . e
o RIVBE e AL (R AT HILRR A o AR L o P R R 1) 45
et TR AL AERIURAAT T, Rt B Rk
i PRSP ET, ek SR R AR
it A LU PR BRARG e S 2 AR R o 1) R PR 55
PR LTS, RN RCE IR W e
AL M5 TSR N IR IR AR AR T BE T AT LR 1
B AT A SR EE R AR R
LY SR IR R AT A A 2 SRR SR [ 389 o B P 315 21
WIBAESE . S8, WFTCRW, RN R i M i 1 1)
TR AR B R R AR A T v iR LA TR ER A B (12
mmol-L™) B AR B 4 P F) 32 SRR RIAT AR S5 AT AL
MR & RN 3~10 519 WMfE R EIRAMAT, &
AE IR EEIR . JEHIR . A RIRANE AR 1% &=
Wipi, VIR SR IR T RERISH TR PR N AT AL
R A3 51200, AR IRy, AR SRS 2R RIAR
AN FEIR. JEIIR . o R L3R
MR o BRI I T e IR . (. Wang 25Ul
RVBRI I SN A RS R AL, AR

R5 EREMMRATAVNERSESHEOEMN S EZEBEXHTENSH

Table 5 Parameters of the relationship equations between the levels of organic acids in spinach shoot and root and the content of

starch in corresponding organ

250 Shoot M A& Root
FPLER Aminoacids . ) %R B \ . MR B
Correlation coefficient Correlation coefficient

P Pyruvate 512.46 -6.56 0.9785 606.07 -45.28 09629
FEEM Citrate 880.07 -9.45 09793 2729.12 -399.43 0.9282"
a-Filj% —# o-Oxoglutarate 97.19 127 0.9656 11627 -4.05 09943
BEHIM Succinate 642.80 714 09121 305.18 -23.00 0.8961"
ST Fumarate 235.61 339 09908 138.16 2.19 0.8057

WYL Malate 1588.63 -20.79 0.8982" 1250.71 -63.02 0.9272"

HIXTRE y=a+bx. y WA HLRE R, x ABHRH & R "RAMIERIE 5% B EA T TRIFHIIKRIE 1% 8K
Relationship equation y=a+b-x. y is organic acid level in spinach shoot (mg-kg'FW); X is content of starch in spinach (mg'g”' DW); Single star indicates
significant relationship at 5% level, and double star indicates significant relationship at 10% level
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