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Accumulation Pattern of Nitrate-Nitrogen in Sorghum And Maize Plants as
Affected by Morphological Characteristics And Environmental Temperature
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Summary

Sorghum cv, Pioneer 931, sorghum-sudangrass hybrid cv. Sioux and maize plant cv. Blizzard
were assayed for toxic concentrations of nitrate-nitrogen (NO3-N) and their relationship to mor-
phological characteristics and environmental temperature in a field and phytotron trial, In the
phytotron, sorghum and maize plants ranging from emergence to heading stage, were grown
under different day/night temperatures of 30/25, 25/20, 28/18 and 18/8 degree C.

Nitrate-nitrogen in sorghum and maize plants was accumulated mainly in stems, Therefore
nitrate concentration in the young plants was increased as development of stalks advanced and
was highest at the stage of 3-4 leaves, when the plants had a leaf weight ratio 0.78-0.80 g/g plant
weight. However, nitrate concentrations of the plant decreased as morphological development
progressed, especially from the stage of growing point differentiation.

Correlation coefficients showed a positive correlation of nitrate concentration with leaf
weight ratio, leaf area ratio and specific leaf area, while plant height, dry matter percentage and
absolute growth rate showed a negative association with NO3-N (P<0.1%). Cyanogenic glycosides,
total nitrogen and crude protein were close associated with nitrate accumulation, and positively
significant (P<0.1%).

High temperature over 30/25°C for 3 weeks increased N-uptake and dry matter accumula-
tion, but reduced nitrate concentration. Under cold temperature below 18/8°C concentration
of nitrate-N was increased in spite of its limited nitrogen uptake and plant growth.
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Table 1. Accumulation patern of nitrate during the life cycle of sorghum cv. Pioneer 931 and

sorghum-sudangrass cv. Sioux, taken as the mean value of 1980 - 1981.

Varieties and

Morphological growth stages

plants organ 2nd  3rd 4th  5th 7th Final Boot Bloom Soft Hard Physiol.
leaf leaf leaf leaf leaf leaf stage stage stage stage maturity
Sorghum
Leaves (%) " .31 1.38 1.36 102 0.38 (.34 0.32 0.28 0.28 024 0.20
Stalks (%) 3.28 3.64 536 3.90 1.96 0.8 0.63 0.60 0.58 0.52 0.48
Panicles (%) - - - - — -  0.35 0.24 0.25 0.06  0.02
Whole (%) 1.42 1.53 2.61 212 104 0.63 0.51 0.49 0.52 0.43  0.38
NO,-Yields (g/10a) 67 288 2156 4948 5841 6160 6470 8063 9498 8708 7980
Production (g/10a. day) 6 22 186 398 128 45 24 113 103 —56 —52
Sorghum-sudangrass
Leaves (%) 0.77 1.08 1.02 0.8 0.36 0.32 0.36 0.25 0.24 0.18  0.18
Stalks (%) 4.61 4.42 4.53 3.80 1.08 1.00 0.8 0.64 0.53 0.39 0.35
Panicles (%) — - - -~ - - 0.52 0.38 0.14 0.08  0.03
Whole (%) 1.06 1.48 2.09 2.01 0.8 0.81 0.70 0.51 0.35 0.32 0.30
NO;-Yields (g/10a) 52 251 1432 4919 5647 8209 9218 8652 6211 6180 5964
Production (g/10a. day) 4 19 118 490 104 151 77 —41 —174 -2 —15

+) NO; concentration in dry matter basis.

Table 2. Changes in the nitrate concentration (% in DM basis) of maize plant associated with

mophorlogical growth stages.

Nitrate concentration,

Morphological growth stages

vields and production.  2nd  3rd  4th  6th  7th Final Boot Bloom Soft Hard Physiol.
leaf leaf leaf leaf leaf leaf stage stage stage stage maturity
Maize leaves (%) 2.18 1.96 0.76 0.59 0.38 0.35 0.32 0.32 0.36 0.18 0.10
stalks (%) 2.54 4.02 3.38 2.32 1.54 1.03 0.58 0.55 0.53 0.36 0.28
ears (%) — - - - - — 0.54 0.37 0.21 0.06 0.03
whole (%) 2.24 2.5 1.51 1.13 0.95 0.72 0.51 0.48 0.39 0.28 0.20
NO;-Yields (g/10a) 141 448 781 1784 3608 4229 4661 4907 5527 5061 3915
Production (g/10a. day) 10 31 33 100 261 62 62 27 41 33 —82
Nitrate-nitrogen ¢ H4: @ & 7 Ei~ 261g/ cyanogenic glycosides+ T2 #of ERigsd v
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ferpngiol £ (—)& ekl MM nitrate R
o] wyl: 5]

2. tEMS| MKERY 431EDE Nitrate Accumulation
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rghum & nitrate &) 7H4 £33 4 ERY
A E BRERT FAoll A = B3 A

ol

44

Ll E® 22 Mo 2 crude protein % cyanog-
enic glycosides o @& 7} BB Bk 71 w3
= v 3l nitrate &2 i HKo| Folald ulz}

- 148 -



Table 3. Changes in the nitrate concentration at the second growth of sorghum and sorghum-
sudangrass, associated with plant height.

Varieties and Plant height (cm)

plants organ 5 10 20 30 50 100 150 200 200
Sorghum

Leaves (%) "' 1.12 1.18 1.64 0.96  0.74 0.29 0.24 0.28 0. 28
Stalks (%) 2.09 2.24 3.9 3.38 262 1.22 0.71 0.62 0. 59
Whole (%) 1.20 1.25 1.97 1.57 1. 38 0.74 0.55  0.53 0.51

Sorghum-sudangrass

Leaves (%) 1.32 1.51 1.18 0. 86 0.31 0.28 0. 27 0.25 0.17
Stalks (%) 2.18 3.36 3.42 2.98 2.14 1.08 0.72 0. 70 0.62
Whole (%) 1.46 1.78 1.71 1.46 1.0l 0.67 0. 52 0.51 0.48

+) concentrations of nitrate nitrogen in drv matter basis.

Table 4. Correlation coefficients as a parameter to explain the relationship between nitrate acc-

umulation and morphological characteristics of sorghum and maize plants.

Species PL LA Spec.LA LWR LAR Abs.GR RGR NAR DM
Sorghum hybrid —0.83 ns 0.79 0.79 0.78 ns 0.84 0.61 —0.74
Sorghum-sudangrass —0. 78 ns 0. 80 0.75 0.74 ns 0. 81 0.64 —0.78
Maize —0.69 ns 0.65 0.71 0.63 ns 0. 86 0.58  —0.47

PE5%:r*=0.42, P£1%:r*=0.53, PS(.1%:r*=0.64, n=44.
PL=plant length, LA=leaf area, Spec. LA=specific leafl area, LWR=leaf weight ratio, LAR=leafl area ratio, Abs.GR=
absolute growth rate, RGR=relative growth rate, NAR=net assimilation rate, DM =dry matter accumulation.

Table 5. Correlation coefficients to explain the relationship between nitrate accumulation and

chemical components of sorghum and maize plants.

Species OM CP CF CX NFE TNC NDF HCN
Sorghum hybrid —0.76  0.80 0.81 —0.74 —0.80 —0.59 —0.8  0.52
Sorghum-sudangrass —0.78 0. 83 0.74 =0.72 0.7 —0.601 - 0.83 0.57
Maize —0.72 0.76 0. 65 —-0.75  —0.62 —0.54 —0.73 —

P=5%:r*=0.181, P£1%:c*=0.287, P=0.1%:r'=0.430, n=22. 013{),

OM =organic matter, CP=crude protein, CF=crude fat, CX=crude fibre, NFE=n-free extracts, TNC=total non-structural
carbohvdrates, NDF=neutral detergent fibre, HCN=hydrocyanic acid potential .

sl = ffEelooh, ey o] 22 nitrate & R+ Eck % Hageman(1974), % % Voigtlind-
e el Hgew SEWAX #M=n 2 er(1985) 59 #ifiolAel ko] NRA 7} nitrate L)
LlfgolE $E 9 @ aie)l Emie) wal it ol 4%#F¥2 crude protein W cyanogenic gly-
B2 W sl F5S 2o nitrate Bl o cosides @] {yARoN RHEILSEY] wfFol Zog HiaHol
< growth parameter fijoll= £ (—) 2 BHGRE 7} B Elc}(Table 5).

=g (P=0.1). &M nitrate-nitrogen 8] &2
FEs ol (LB 53] crude protein ™ hydr-
ocyanic acid #{t.2} F& HHS v+ o3 Nitrate &} Ak o EHF2 RERES we &

3. MBS Nitrate of ik
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Table 6. Changes in the nitrate concentration and total nitrate yields of sorghum hybrid cv.

Pioneer 931 under different temperature treatment for 21 days in phytotron.

Temperature Days grown in phytotron

regimes 0 33 6 9 12 15 18 21
NO,-Content (%)

Field” 1.51 1.22 1.21 1.19 0.99 1.28 1.40 1.54

18/8C " 1.51 1.17 1.09 1.01 0. 95 0.96 0. 86 0.78

28/18C 1.51 1.82 2.18 2.12 1.52 0.89 0.55 0.27
NO;-Yields (mg/pot)

Field 30.4 35.9 49. 8 68.5 86.1 136.5 169.7 21 215.1

18/8TC 30.4 40.7 57.6 70.6 79.0 87.4 88.6 8 89.2

28/18C 30.4 85.7 202.5 346. 3 293.3 249.2 15 155.7

329.0

4-leaf stage of sorghum plants was used for the temperature treatment in phytotron.
+) 13.8C was measured as a mean daily temperature during the experiment.

+ +)day/night temperature in phytotron.

Table 7. Changes in the NO, concentrations and total nitrate yields of sorghum and sorghum-

sudangrass hybrids under different temperature treatment for 21 days in phytotron trial.

Growth stage and

Sorghum hybrid

Sorghum-sudangrass

nitrate nitrogen 30/25 25/20 18/8" 30/25 25/20 18/8
NO;-Content (%)
2-leaf stage 1.58 2,64 1.48 2.16 1.96 1.58
4-leaf stage 2.24 2.30 1.54 1.68 2.36 1.30
6-leaf stage 0.52 1. 48 1.08 0.65 1.62 1.03
8-leaf stage 0.26 0.42 0.78 0.19 0.34 0.88
NO;-Yields {(g/pot)
2-leaf stage 153.3 87.1 28.1 222.5 66. 6 28.4
4-leaf stage 387.5 218.5 112.4 354.5 243.1 107.9
6-leaf stage 340.1 544. 6 298. 1 432.9 567.0 247.5
8-leaf stage 316.7 385. 6 593. 6 227.4 306. 0 592. 2

+) day/night temperature in degree C

ERES ¥k Table 6oll4 4 FE 2 sorghumifi
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e #5529 oh(Cantliffe, 1972;Kim, 1982).
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Fig. 1. Changes in the NO,-N concentrations
of sorghum hybrid cv. Pioneer 931 un-
der different day/night temperature
treatment for 21 days in phytotron (4-
leaf stage of sorghum plants was used

for the trials).
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Fig. 2. Changes of NO,-N concentrations of
sorghum-sudangrass hybrid cv. Sioux
under different day/night temperature
treatment for 21 days in phytotron.
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