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NITROGEN BALANCE STUDIES FOR DIFFERENT
EGYPTIAN SOILS CROPPED WITH CORN

by M, H. A. EL.SHAKWEER, A. S, ABDEL-GHAFFAR,
and M. A. BARAKAT

Depariment of Soll nnd Water Svience, Faculty of Agrivulture,
Alexandria University and Soil Salinity Laboratory, Ministry of Agrieulture,
Alex, Egypt

SUMMARY

The unitrogen balance for four different Egyptian soils cropped with corn
and fertilized with increasing amounis of ammonium sulphate was studied
in pot experiments, The tested soils were clay loam, caltarsous sandy loam,
sandy loam and sand. Nitrogen added as seeds, fertilizers, irvigation water
ang insecticides, mitrogen removed by the plants including tiunned plants
and fallea leaves and the nitrogen cootent of the secils before sowing and
after the harvest wers detemmined and used to drawthe halance sheet.

The obtained results showed that nitrogen loss ranged between 6.5 end
51.5 per cent depending mauinly on scil type and to some extent on the rate
of applied ammonium sulphate. Nitrogen uptake by the com plants was
lowest from the clay loam soil and highest from the sandy scil, In all cases
it increased slightly with the addition of nitrogen fertilizer,

INTRODUCTION

Many attemps have been made to draw up nitrogen balance
sheets for cropped soils 12810, Tn geperal, these attemps showed
that the income and outgo nitrogen seldom balance. Some of soil
nitrogen may be lost by leaching or by volatilization as ammonia,
elemental nitrogen and oxides of nitrogen due to various chemical
and biological processes 1 % € 18 20, According to Allison 2 recover-
ies of nitrogen released from soil or added as fertilizers in harvested
crops were commonly less than 50 per cent.

Scils of Egypt contain very little nitrogen, usually less than
0.1%,. Nitrogen balance for Egyptian soils, hence, is of great practi-
cal value, This work is an attempt to make up nitrogen balance
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sheets for some Egyptian soils cropped with corn fertilized with
ammonium sulphate. )

MATERIALS AND METHODS

Corn (Zea smuize var. Hybrid 17) was grown in four different soils; clay
loam, calcarenus sandy loam, sandy loam and sand. Large pots of 45 ¢tn in
diameter and 45 cm in height were used with their orifices tightly closed.
Soil depth in each pot was adjusted to 36 cm. The general characteristics of
these soils are shown In Table 1.

TABLE 1

Cleneral characleristics of the suile usad

Soil ¢charactaristic Clay Calcareous
loam  S.loam

Total nitrogen, % 0.08 0.02 .03
Total soluble salls, % a.10 0.20 0,26 0.02
Total carbonates, % 0.25 38,40 014 0.06

Clay, % 42.10 17.30 13.60 2,70
Sitt, 9 20.40 6.90 10,50 1,40
Sand, % 2740 75.64 75.70 95.78

Saturation percentage - 67.29 34,70 4431 20.41
Cation sxchange ¢capacity, m.e./100 g 42,00 2495 21,40 5.45
PH (in water'saturated extract) 7.4G 7.90 7.30 7.60

In each pot, seeds of corn were sown in 3 pits and after emergence the
plants were thinned to 3. Superphosphate was added at the Tate of 50 mg
per kg soil. The experiment comprised the following five nitrogen treatments
performed in four replicates.

L. Ne application of nitrogen fertilizer {Np)
26 mg ammonium sulphate (20.6%, N) per kg soil  (N))

60 mg ammonium sulphate (20.5% N} per kg soil (Ny)

75 mg ammonium sulphate (20.5% N) per kg soil (Ng)

100 mg ammoninm sulphate (20.5% N) per kg soil  {Ny)

Hall the amount of ammoninm sulphate was applied with the super-
phosphate after 14 days and the other half after 30 days from sowing. The
80 pots were distributed in complete randomized blocks in a wire green-
house. During the vegetation period, the pots were irrigated at the same time
‘with tap water whenever required by platts. The amounts of water added
were adjusted to restore moistiive in soil to its predétermined normal ca-
pacity under free drainage conditions in pots, These atnounts of water
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were determined by weighing the pots just before each next irrigation.
Plants were sprayed with inSectieide solutions to rontrel insects!

The coro was sown on the 30th: of May, 1965, and allowed te grow only
to. the tassel stage then harvested on the 4th of August; During the growth
period, thinned plants and fallen leaves were collected from each pot. At
harvest, the corn plants were divided to stalks and roots:-All these plant
materials were, separately, drisd at 66 to 68°C for 48 hours, weighed, ground,
and andlyzed for nitrogen content. Also mtro,gen contént for the corn seeds
used for planting and the applie¢ ammonjum sulphate; superphospbate,
irrigation water and ‘insecticide solutions way determined. Soil samples, be-
fore cultivation and after harvest, were analyzed for tdtal nitrogen, am-
monum=N, nitdte-N, nitrate-N and inoistura content. The methods out-
lined by Black-ef sl 4, were used 10 nitrogen determinations.

Total nitrogen in seeds, plant and soll samples was determined by the
semimicro« Kjeldahl methed. During determination of the nitrogen contents
of fertlizeys, irrigation water and insecticide solutions, Devarda's alloy was
added before ammaonia distillation,

All reportad data represent the average of 4 replicates.

RESULTS AND DISCUSSION

Nitrogen additions

Nitrogen added was in the form of seeds, ammonium sulphate,
superphosphate; irrigation water and insecticides. Corn seeds con-
tained 1.28% N, ammonium sulphate 20.6% N, superphosphate
0.16% N, irrigation water between 0,9 and 1.6 ppmn N and insecti-
cide anluimna between 1.1 and 12.8 ppm N. The amount of added
ammonium sulphate varied aceording to treatment and weight of

TABLE 2
Total nitrogen added to the soils: tzed

Nitrogen fartifizer Nitrogen, mg/pot
reatment

Clay Calcareous Sandy Bandy
loam «alay loam loam

Na 206 201 0% 20!
Ne 4A4B 607 607 591
Na. 730 1013 1008 981
MNa onZ 1419 a3 1371
Na 1254 1825 1801 1761

Total amcunts of nitrogen ndd¢d In Insecticides, superphogphate,
irrigation water and seeds were |, 6, 58-78and 126 mg/pot respactively
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the soil in'pot. The amounts of nitrogen added in the form of these
substances per pot are shown in Table 2. -

Changes in soil nilrogen

Spil total nitrogen as well as ammonium-N, pitrite-N and
nitrate-N were determined before cultivation and after harvest.
The obtained results indicated that mineral nitrogén content of
the soil, either before sowing or after harvest were less than 2 ppm.
Only total pitrogen, therefore, 15 taken into consideration.

Under experimental conditions, total nitrogen content of the
nsed solls decreased due to growing corn regardless of the amount
of added nitrogen fertilizer (Table 3). Ustally cropping of non-
legumes decreases soil nitrogen 17 18 20, As shown in Table 3, nitro-
gen losses were highest from the sandy soil (45 to 52 per cent) and
least from the clay loam soil (7 to 8 per cent), Generally, increasing
the level of applied nitvogen resulted in somewhat greater decrease
in soil nitrogen. The same effect has been reported by various in-
vestigators 3 51118, The work of Broadbent and Norman 7 sug-
gested that such results might be due to an increase in the miner-
alization rate resulting from a stimulation of the microflora by the
treatments,

TABLE 3
Changes in total 0il nitrogen

Initial Aflar hayvest

Ny Ny

N caMi, glooi
Clay loam
Calcaravus 5.1,
Sandy:loam,
Sandy

N Joss, S of inftinl
Clay [ouin
Calcareous 5.1.
Sandy leam:

Sandy
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TABLE 4

Nirrogen resovered (h the eews plants (ng/pot)

Flant ‘Trsatment
materials

No Ny N

Tlay foam Before harvesi 248
Roats 3‘1 41 43
Stalks 143 209

Total i ) 520
Calearsous 2andé loam Refore harveat*

Roors LY 108 102
Stalks ' &4 £90

Teeai ' BBz 99

Before harveat” Z 0w 303
Raots. l'JB

Stalks:

Total

Befors harvest?

Roote

Stalks

Toddl

* Thinred plapts and tallen leaves.

Nitragen recovered in planis

Nitrogen removed by the thimmed plants, fallen leaves and the.
harvested crop are summarized in Table 4, For each soil, the dry
weight of the corn materials and consequently the nitrogen re-
covered in the plants increased with a decline rate as the amount
of applied ammonium suiphate increased. As shown in Table 4, the
‘highest amounts of nitrogen remaved by the crop wére from the
sandy loam soil while the lowest recoveries were from the clay loam
sail iryespective af the rate of nitrogen appiication.

Unaccounted-for nitrogen

The obtained resnlts indicated. a net loss of nitrogen from the
soil-plant system (Table5), This unaccounted-for nifrogen was
calculated from the following relation:
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TABLE &6

Nitrogen'lost Igfpor) from the sdil:plant systent (unaceounted-for nitrogen)

Sail Fertilizer treatmert Average

Nu_ N; ﬂ‘ Nt ..Nq,

Clzy laam 2.7 286 al7. a2 a.20
Cdlearsons S. L. : 159 2.5 273 EWA
Sandy L. 326, §,44: SG8 567
Sandy 250 371 374 377 +.50r

Avetage 2.42 286 Sazi 238 3.66

LSD for N fertllirer rreatmenl = 0,43 &t 39, leval a0d 0,57 43 1%, level,
120 forsoil types = (.58 at 5%, lave] and Q.51 at 1% level:
Sail Llypa > Amonnt o N fertilizer = Nof &ignificant,

p——e—u—p CLAY LOAM BOIL.
@ em-aeerd  GALCARECUS @.L. BOWL,

B — — —o  AANDY  LOAM- BOIL.
—— 3 BSANOY eCIL.

HITROGEN NOT- RECOVERED , & FER oY

A Il
4 -]

NITROGEN ACUED + RELZADED FROM THE SOIL . G PER POT

Fig. 1. Relation between the nitroger: added and released from the soil
- and nitrogen not resavered.
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Unaceounted N = (Initial soil N - Added N) —
(Final soil N + N removed by plants).

As shown in Table5 and Fig. 1, the unaccounted-for nitrogen
varied according to soil type and rate of applied ammonjum sul-
phate. The unaccounted-for nitrogen increased with increasing the
level of added nitrogen fertilizer. Nitrogen deficit, g per pot, was
highest in the sandy and least with the calcareous sandy loam soi!
(Table 5). This unaccounted-for nitrogen is believed to be lost from
the soil-plant system in gaseous forins mainly throngh ammonia
volatilization and denitrification 1 268101214 1519 11,

Nitrogen-balance sheet

Usually measurements of nitrogen recovery are reported as a
percentage of the applied nitrogen but it seems more realistic to
report it in terms of added nitrogen and nitrogen initially present

TABLE &

Nitrogen balance sheats for the s6ils used
{expressod as percent of {nitial soll N + added W)

Nitrogep Festilizer treatment
fraction

Ny N, Ny

Clay inam

Kemoved by plants
Found in soi) {final)
Npt recovered

Calcarsous sawdy loams

Removed by plants
Found ia soll (final)
Not rocovered

Sandy leam
Ramoved by plants
Found i zefl Hinal)
Not recovarsd

Sandy soil
Removed by plants
Found in #6il (final)
Not recoversd
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in the soil. Accordingly, nitrogen-balance sheets are drawn up for
the experimental soils as shown in Table 4.

On pércentage basis, the nitrogen not recovered was much higher
from the sandy soil than from the other three soils, Generally with
every soil, the nitrogen not rerovered increased upon increasing
the applied nitrogen fertilizer. Losses of nitrogen (not recovered)
from the clay loam, calcarcous sandy loam and sandy loam soils
ranged between 6.8 and 15.8 per cent, but it was from 40.4 to 51.5
per cent with the sandy soil (Table é). Pot experiments using la-
belled and unlabelled forms of mitrogen showed that the unac-
counted-for nitrogen may réach 20 per cent but in some cases it
may be much higher ! 291015

Received September 18, 1972
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