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ABSTRACT. Field experiments were conducted during the spring and autumn
of 1992 to determine the effects of phosphorus and split N application on comn
total biomass (TDM and TDW) and in its components, viz., culm (CDW),
leaves (LDW) and cobs (CBDW) accumulation of N and P. A hybrid cultivar,
“Giza 2" was sown under 4 levels of N (100, 150, 300 and 400 kg ha™!) split
into four equal doses at 1S, 30, 45 and 60 days from planting (dfp); and 2 lev-
els of P (75 and 150 P,0 kg ha'!) applied at sowing. Estimates of TDM and
CDW at 30 and 45 dfp (both seasons) and at 60 dfp (spring season) were high-
est (P <0.01) at the N, level, indicating that split application of 225 kg N ha™!)
in the spring and of 150 kg N ha~! in the autumn were adequate for achieving
maximum biological and seed yields. N and P uptake in the leaves, being high-
est at 30 to 60 dfp, was also significanily increased by the split doses of N,
(i.e. 75, 150 and 225 Kg N ha™!), depending on scason, at the specified har-
vesting dates. Positive effects of P, were limited to those on CDW at 30 dfp in
the spring season and at 30 and 45 dfp in autumn, Effects of P, on CBDW and
TDW at 90 dfp in the autumn season were also significant but negative.
Positive cffects of (P < 0.05) of P, on N content were only recorded for leaves
at 45 dfp in the autumn; whereas those on P uptake were limited for leaves at
30 and 75 dfp in the spring season.

Introduction

Nitrogen is normally a key factor in achieving optimum cereal grain yields. Plant use
efficiency of N is dependent on several factors, including application time (Abdel-Aziz
et al., 1986 and Badreshia and Patel, 1987); rate of N applied, source of N (Grove et
al., 1980; Njoku and Odurukwe, 1987; Lucas, 1986, and Soelaeman, et al., 1987); culti-
var (Soelaeman et al., 1987) and climatic-related variable (Hane, 1981).
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Maximum efficiency should be obtained by the latest possible application compati-
ble with the stage of development that siill permits rapid N uptake. Thus avoiding
unnecessary vegetative growth, which may result in lodged plants and subsequent grain
yield reduction, Furthermore, the opportunities for N losses by leaching are reduced,
because an active root system is present for absorbing the fertilizer N when it is
applied. One possible approach to reduce fertilizer N without affecting yield, is reduc-
ing preheading rates of N and top-dressing N later in the season (Purcell, 1990).

Responses to split N applications reported in literature, however, are inconsistent.
Top-dressing N on wheat during the spring resulted in higher yields as compared with
preplant N. No advantages in split application of N were reported by Grant et al.
(1985).

In Saudi Arabia, corn is generally grown as a dual purpose (i.e. for both fodder and
grain) crop in both spring and autumn and usually under high levels of N and P fertiliz-
ers. This study was therefore undertaken to determine the N and P fertility requirements
for corn optimum biological yield, grain yield, N and P uptake and dry matter produc-
tion.

Materials and Methods

The experiments were conducted in King Abdulaziz University, Agricultural
Research Farm at Hada Al-Sham, during the spring and autumn seasons of 1992, The
Soil characteristics and the meteorological data for the experimental site are presented
in Tables I and 2. The experiment included a hybrid cultivar (Giza 2) that is well adapt-
ed in Western Saudi Arabia. Trial was laid out in a split-plot design keeping phospho-
rus levels in the main plots and nitrogen levels in sub-plots with four replications. The
experiment had four levels of nitrogen (100, 200, 300 and 400 kgN/ha) in the form of
urea and two levels of phosphorus (75 and 150 kg P,O./ha) in the form of superphos-
phate. The crop was seeded at 75 kg/ha, keeping row (o row distance of 30 cm. Crop
was sown on 28 February and 28 September 1992. Prior to planting a basal dose of 75
kg K,0 ha-! in addition to 75 and 150 kg P,04 ha-! were applied. Nitrogen was splited
into four equal doses; the first of which was applied (side dressing) 15 days after emer-
gence and the last at 60 days after emergence. lrrigation and weeding were practiced
when needed.

Five adjacent plants per each treatment were sampled at 45, 60, 75 and 90 days from
planting (dfp) in each season. For each sample, data were taken on culm, leaf, cob and
lassel dry weights. N and P contents in various plant parts at each sampling date were
also determined. Analyses of variance wer¢ performed as outlined by Little and Hill
(1978).

Results and Discussion

Dala in Table 3 revealed high significant differences (P < 0.01) between the spring
and autumn cropping in culm, leaf and cob dry weights. Annual averages for total dry
weight (TDW), being 403.9 and 404.9 g m~2 in the respective seasons, were statistically
similar. Differences among sampling dates within each planting season were also high-
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TanLE 1. Physical and chemical characteristics of the soil at the experiroental site in Hada Al-Sham.

Major components Characteristics and chemical constituents
Soil  Igind Silt Clay | pH EC N P K
texture
(%) f ds/m ! kg/ha
Sandy loam 18 10 12 8.2 0.96 0.17 0.20 261

TaBLE 2. Meteorological data at the experimental site during the planting seasons at Hada Al-Sham.

Spring 1992 Auturmr 1992
Temperature °C R.H. Temperature °C l:e;n
Month Month
Min. Max. Mean | (%) Min. Max. Mean | (%)
February 6.3 384 222 54 September  21.3 452 33.1 53
March 10.0 39.1 202 53 October 18.5 442 31.1 49
April 1.4 403 277 48 November 15.8 38.5 27.0 65
May 15.0 447 31.2 49 December 118 373 23.6 66
June 18.2 48.7 324 46 January 102 359 23.8 59

TanLE 3. Effect of season and sampling date on total biomass (TDW and TDM) and its components.

Sanpling Dry weights (g m™?) of
(dfp) Culm Leaves Cobs Total biomass
5, 5 5, $ §, 5 8 5;

Ist (30) 61.4 596 109.0 106.9 - - 170.5 166.4

2nd (45) %01 31.2 98.2 1373 - - 188.4 2185

3d (60) 151.7 259.6 374 1337 248 49.6 718 4425
l 4h (75) ma2 1323 164.8 1421 284 .3 4652 754.1

5th (90) 4334 | 248 2574 1354 609.5 4879 13252 . 8479

tal* t32t t113% +106*
Meant S.E |169.2£10.6 14292 73%% | 119548.5%" | 1092417 | 18411108 [ 2543£254% | 40392 221* l 4049 £ 25.3**

a; S, and §; in this Table and Table 4 indicate first (spring) and second (autumn) seasons, respectively.
*and ** indicate significant differences at § and 1% levels, respectively.

ly significant for each of the studied traits (Table 3). In this respect about 89% (754 mg
m~2) of the target (final biomass or TDW (847.9 g m™2) was attained at 80 dfp in the
autumn season (Table 3). At this date contributions of culm dry weight (CDW), leaf
dry weight (LDW) and cob dry weight (CBDW) represented respectively 30.8, 18.8
and 50.4% of the total dry weight. In the spring season only 35.1% (465.1 g m2) of the
target biomass (1325.2 g m™2) were attained at 80 dfp; the contributions of CDW,
LDW and CBDW in TDW were respectively 58.5, 35.4 and 61.1% (Table 3).
Apparently, the relatively fast growth attained during the first two months of autumn
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and the last two months of spring plantings were mostly attributed to the relatively high
temperatures that prevailed during these periods (Table 2). Because yields varied in
relation to seasonal climatic differences and crop use, it is evident that an early harvest
(i.e. at 45-75 dfp) for forage favours autumn planting better than spring planting.
Otherwise, spring planting would be more profitable for dual purpose (hay and grain
production) corn, which is in harmony with Hane (1981), who indicated that spring
planting resulted in significantly higher estimates of total biomass at the final harvest as
compared to autumn planting.

Data in Table 4 revealed that culm and TDW at 30, 45 and 60 dfp in the spring sea-
son an at 30 and 45 dfp in autumn were significantly influenced by N. At all dates high-
est (P £0.01) amounts of CDW and TDW were attained at the N, level (Fig. 1).
Application of P, on the other hand, significantly affected CDW at 30 dfp (P £0.01) in
the spring and at 30 dfp (P < 0.01) and 45 dfp (P < 0.05) in autumn (Table 4), At both
dates, highest CDW estimates were recorded at the P, level (Fig. 2). At later dates
(Table 4), P, significantly (P < 0.05) reduced CDW (Fig. 2) at 75 dfp and CBDW and
TDW at 90 dfp in the second season (Fig. 2).

Interactions between N and P were also significant for CDW and TDW at 30, 45 and
60 dfp in spring and at 30 and 45 dfp in autumn (Table 4). Au all dates, estimates of
CDW and TDW were highest at the N,P, level (data not shown).

Thus it is evident from this data that application of split doses of N, irrespective of
its level, at dates later than 45 dfp (spring) and 30 dfp (autumn) had no positive effect
on total biomass or its components in relatively late harvests (Fig. 1). The lack of
response at the late harvests may be attributed to the prevailing temperatures (high or
low) that limited the efficiency of the growing plant in utilizing the late applied nitro-
gen. The tendency for P, application to increase CDW and TDW at early plant stages
(30 to 45 dfp) and decrease CDW, CBDW and/or TDW (Fig. 2) at later stages (75 to 90
dfp) is an indication that increasing levels. of late released P had adverse effects on
TDM and its components. Apparently, addition of 150 kg P,O ha™!, especially in
autumn planting, was in excess of the actual plant needs. Similar results were reported
for maize (Abdel-Aziz er al.,, 1986; Badreshia and Patel, 1987; El-Baisary et al., 1980;
Kharkar, 1980; Okajima et al., 1983 and Salih and Wali, 1988).

Nitrogen accumulation (all organs) and phosphorus accumulation (culms and leaves)
during the growing were also significantly (P < 0.01) affected by season (Table 5). On
the average, the highest estimates of N and P contents in leaves, culms and cobs were
recorded within the first and third sampling dates (30-60 dfp) and lowest estimates at
the 4th or 5th sampling date (Table 5}, indicating a reduction in the efficiency of the
corn plant in accumulating N (Fig. 3) and P (Fig. 4) as the season advanced (Fig. 3 and 4).

Effects of N application on N accumulation, on the other hand, were only significant
for leaves at first and second harvest and for culms at the third harvest of the spring
season (Table 4). Significant effects of N on P accumulation were recorded for leaves at
the first harvest of the autumn season and at the second and third harvests of the spring
season (Table 4). At all harvesting dates estimates of N (Fig. 3) and of P (Fig. 4) were
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FIG. 1. Annual effect of nitrogen on total dry weight (TDW) and its components in Is¢(1) and 2nd(2} seasons.



Effect of Phosphories and Split Nitrogen on Corn Production... 115
400 300
. culm " - Leaf
e 300 P11 'fE P11
~—~ —_— - 200 e
o P21 R P21
= 00 g = ———
=] P12 ] P12
‘@ ——— o ¥ —
x 1o P2.2 4 P22
[ [
15 30 45 60 73 90 103 5 30 435 60 75 80 105
Number of days from planting Number of days from planting
600 1200
i soa{COD : ;,-T - 1000 TDW -
1= —_ "'E LIR]
S 400 P21 ~ b0 —_—
Q 7 — Q P21
4 300 P12 £ oo —_—
= —— ) P12
D 0 P2.2 T 0] ——
[7] ; p2.2
= zoow
) 50 73 90 103 t3 30 45 60 73 s0 1

Number of days from planting Number of days from planting

Fui. 2. Effect of phosphorus (P & P;) on the total dry weight (TDW) and its components in Ist(.1) and
2nd(.2) seasons.

Taprg: 5. Effect of season and sampling date on N and P contents of culms, leaves and cobs.

Sampke Nirrogen content (g/kg) of Phosphorus content (g/kg) of
date culm leaf cob culm leaf cob
WIS s, | s s | s s, [s s, 1s ['s, [s [s,
Ist(30) | K926 | 2.100 220 ¢ .30% |- - 0583 | 0206 | 0548 |0422 |- -
nd (45)] 1470 | 1438 2382 24% | - - 0407 | 0245 | 0589 0367 |- -
Jd (ol | 1044 § 0977 2559 2824 | 2826 | 2783 JO38 | 0184 | 0638 10384 10501 | 0494
4h(75) | 0.806 | 0.456 2151 2587 1565 | 1388 10223 | 0169 | 0423 [0322 | 0488 | 0.409
Sth(90) | 0.619 | 0513 1.465 233 | 1384 ) 1394 (0087 0475} 0298 10235 R0S66 | 0557
+ 0.20% + 0.035*" £ 0019" £ 0.010™ 1 0.012% t 0020
Meant | 10672 1097 | 2151+ | 26484 | 19252 1848 4| 0.246% | 01962 | 0499+ ) 0350+ | 0.518£] 0.487¢
SE. 0072 0.053** | 0.0%4™ ] 0063** | 0.035™"| 0032 [0.023** | 0.023 | 0.093 |0.024* | 0036 | 0.035**

* and ** indicate significant differences ar 5 and 10% levels respectively.
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highest at the N, level. Positive and significant effects of P application on P accumula-
tion were also limited to leaves in the first and fourth harvests on the spring season
{Table 4); whereas those of P on N accumulation were generally not significant (Table
4). Thus these results coupled with those on total biomass and its components clearly
indicate that late application .of N effects (i.e. after 30 or 45 dfp) depend on the season
and the dose of P applied at the onset of the season. High doses of P applied at the onset
of the season, had no positive effects on consequent harvests of total biomass, its com-
ponents or in their N and P accumulation at consequent harvests.

Conclusion

Thus the results of the study revealed high significant differences among sampling
dates in total dry matter and its components and in the accumulation of both N and P,
Total biomass (1325 g m~2) and CBDW (609.5 g m~2) harvested at the end of the
spring were respectively 25 and 56% higher than those harvested at the end of autumn
(848 vs 488 g m2). Total biomass averaged over sampling dates, being 404 and 405 g
m~2 for for the respective season, were statistically similar, offering a better choice in
planting corn as forage crop in both seasons or as grain crop in the spring. It is also evi-
dent from the results of the study that split application of 225 kg N ha~! in spring and of
150 kg in the autumn together with 150 kg P,0 ha~! applied at sowing proved to be
effective for both grain and fodder plantings.
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