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Response of improved Moroccan corn cultivars
to zinc and phosphorus
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Abstract

Corn is gfown extensively in Morocco's dryland zone, where soils are mainly

calcareoùs and conductive to both P andZn deficiency. As apparent Zn deficiency

in corn has been noted in the field, a greenhouse experiment considered P (0,50,

150 mg/kg) and Zn (0, 12.5 mg/kg) response of six improved corn cultivars

g.o*nin1*o deficient soils : Mollisol and Vertisol. For both soils, applied P

Increased dry matter yields and plant P concentration, but decreased plant Zn

concentration. Zinc increased dry matter yield for both soils as well as plant Zn

concentration. There were signifïcant differences among cultivars for dry matter

an<l P concentration for both soils as well as with Zn concentrations for the

Vertisol, where values were considerably lower than for the Mollisol. Zinc

deficiency symptoms were also more extensive with the Vertisol' Dilution due

to increased growth from added P was the apparcntleason for tbeZn deficiency in

the Mollisol.
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Résumé
Réponse au zinc et au phosphore de cultivars marocains améliorés

de mai's.
Le mais est cultivé au Maroc sur des sols qui sont généralement calcaires

pouvant induire des carences en phosphore et en zinc. Comme les symptômes de

ôa.enc" en zinc sur maTs ont été déjà observés au champ, un essai sous seffe a

étudié la réponse de six cultivars améliorés aux apports de P (0;50; 150 mglkg)

et de zn Q, 12,5 mg/kg) sur un sol déficient (Mollisol) et un vertisol. Dans les

deux types de sol, l;apport de P a augmenté le rendement en matière sr.:he et la

concentration en P des plantes mais a diminué la concentration en zinc des
plantes. L'apport du zinc a augmenté aussi bien lç rendement en matière sèche

que la concèntration des plantes en zinc. Il y avait une différence significative

éntre les cultivars pour les rendements en matière sèche et la concentration des

plantes en P dans lès deux sols et en Zn dans les vertisols. Les concentrations en

2n des cultivars cultivés sur le Vertisol étaient inférieures à celles des cultivars

cultivés sur le Mollisol. De même, les symptômes de carence en zinc étaient

plus accentués dans le Vertisol. Les déficiences en zinc dans le Mollisol sont

àu"r upp-"*ment aux effets de dilution.

Mots-clés : phosphore, zinc, interaction, maÏs en sec' déficience
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Introduction
Maize or corn (Zea mays L.) is a major cereal both for animal feed and as a
human staple, particularly in the semi-arid and sub-humid areas of the world. As
with most field crops, fertilization is essential for adequate yields of corn, which
has a high nutrient requirement. While yrelds can be increased by applying
nitrogen fertilisers (Karlen et al. 1987; Ogunlela et aI. 1988), fertilization with P
is also essential. For instance, Jones et al. (1982) showed that 40 kg P/ha
quadrupled corn yields while doubling those of legumes. Because of its
responsiveness to P, corn has been used as a test crop to evaluate P sources
(Hammond et al. 1986; Chien et al. 1987), to assess soil conservation tillage
systems on nutrient uptake (14), and to consider carrier efficiency under irrigation
systems (Raun e/ al. 1978)).It is apparent from Cobbina and Miller (1987) that,
with respect to P response, corn hybrids differ widely.

As a major cereal, corn is unique in that it is prone to zinc deficiency, especially
in calcareous soils. Thus, Zn response of corn has been intensively studied
(Shukla et. al. 19'74;, Singh et al. 1986). Indeed, Zn dehciency is influenced by
preceding crops, while factors other than the soil test level of Zn are involved
(Legget and Westerman 1986). Again, as with P response, varietal differences in
relation to Zn deficiency are commonly observed (Safaya and Gupta 1979). A
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frequently observed phenomenon has been a negative effect of P fertlization on
Zn deficiency in the field. Various theories have been advanced as to the nature of
this aggravating interaction (Olsen 1912). As Morocco is one of the world's
major producers of P fertilizers, a logical concern has been the possible effect of
high soil P levels on Zn availability for crops.

Corn has been cultivated in Morocco for centuries; currently it ranks third after
barley and wheat (Sali 1987). About 80 Vo of the corn area is under dryland
conditions. Though about 400 x 10r ha are cultivated annually, yields are low;
total production amounts 200-300 103 tons, most of which is used for home
consumption. A number of reasons for such low yields include : primitive
cultural practices, use of unimproved varieties, and the fact that corn production
is mainly confined to the marginal rainfall (250-350 mm/year) zones.
Futhermore, in this area, there is little evidence of any consistent fertilization of
corn; in many cases, corn is grown in rotation with cereals for animal feed
indirectly to control weeds.

Despite the antiquity of corn in Morocco, there has been little or no research on
its nutritional requirements and fertilization. As most soils in this semi-arid
rainfed zone are calcareous, soil conditions are conductive to both P and Zn
deficiencies (Lins and Fox 1988). While deficiency symptoms have been
observed with rainfed corn, the extent to which they limit corn growth is not
clear. The survey of Abdel Monem et a/. (unpublished data) identified soil areas
with extractable Zn levels of less than the 0.6 - O.8mg/kg range normally
considered deficient, and with NaHCO3 - extractable P levels of less than 5
mg/kg. However, some areas, particularly at heavily fertilized research stations,
are excessively high in P (Ryan et al. l99O) and may induce Zn deficiency where
soil Zn level are marginal. In view ofefforts to develop new varieties ofcorn for
Moroccan conditions, the comparative responses of these varieties is to be
determined under controlled conditions and with soil analyses for both elements,

Materials and methods
Two soil types of widespread agricultural importance in the semi-arid wheat-
growing zone in the Chaouia of Morocco were selected for this greenhouse
study : Mollisol and Vertisol. Both soils were clayed in texture. The following
analyses were made (values for the Mollisol and Vertisol are in parentheses
respective.ly) : pH (8.2,8.0); CaCO: (26.2,58.4 g/kg); organic matter (3.2,1.7
g/kg), NO3 (9.0, 0 mg/kg). Levels of DTPA-extractable Fe, Zn, Mn, and Cu,
for both soils were 5 and 8,0.7 and 0.6, l0 and2l, and 0.8 mg/kg, respectively.
The particular sites were chosen so as to have a low level of P and Zn, and
therefore be likely to respond to both elements ofconcern in this study.

The samples were air-dried and put through a2mm sieve, following which 2 kg
lots were put in plastic-l ined pots (17.5 x l5cm) placed in basins to control
drainage. As the analyses indicatçd that the soils were well supplied with most
nutrients, except N, in addition to P and Zn, abasal dressing of 400 mg N as
NH4NO3 was mixed with the soil; Phosphorus was added at three rates : 0, 50,
and 150 mg/kg as NaH2PO4. Zinc was added at 0 and 12.5 mg/kg as ZnSO4.



72 AI Awamis 90 - Septembre L995

The materials were well mixed with each soil. Treatments were in triplicate,
while the design was a split-split plot, with P treatment being the main plot, Zn
the sub-plot, and cultivars the sub-sub plot.

Six cultivars were used (Table l). They were a local forage cultivar (P 586) and
five hybrides (Tx2l, DRA 400,INRAM 304,INRAM 305, and INRAM 308).
These cultivars vary in adaptation to semi-arid conditions and in yield potential.

Table 1. Moroccan corn cultivar characteristics

Cultivar Year Category Days to
maturitY

Purpose Yieldpotential
tJha

P 586 Old

Dra400 1912

Tx2l Old

INRAM 304 1984

INRAM 305 1986

INRAM 308 1981

160-170 Forage

125-135 Grain

115-l2O Grain

130-140 Grain

110-115 Grain

Il5-120 Grain

Vanety

Hybrid

Hybrid

Hybrid

Hybrid

Hybrid

6-7

1-8

5-7

7-9

5-7

7-8

The pots were wetted to field capacity with distilled water. Six seed of corn were
planted to a depth of I cm; after emergence, the stand was thinned to four
uniformly spaced seedlings per pot. The pots were watered as necessary to
maintain field capacity throughout the growing period of 9 weeks. N was again
added with water at 400 mg/pot after 35 days.

At harvest, just at onset of flowering, the plants were cut about 2 cm above
ground level and subsequently oven-dried at70 oC for 72 hours. After'.reighing,
the dried plant material was ground in a V/iley mill to pass a 2 mm sieve. The

material was then analyzed for total P using the vanadolybdate procedure of

Jackson (Jackson 1964) and for Zn by atomic absorption spectrophotometer.
Data were subsequently analyzed by Anova'

Results
Significant soil differences were observed (Table 2). On the Mollisol, only P,

Zi, and cultivars had significant effects on dry matter. In contrast, there were

significant main effects as well as interactions for the Vertisol. For tissue P

concentration, only P fertilizer had a significant effect in the Mollisol. Again, all

main effects and interactions, except those involving blocks, were significant for

the Vertisol. For tissue Zn concentration, only P andZn had a significant effect

from the Mollisol, while most primary and interactive effects were significant

for the Vertisol.



7 3 Al Au:amia 90 - Septembre L995

Table 2. Statistical analysis of dry matter yields and P and Zn concentrations
of corn grown in two soils

Dry weight Tissue P (%) Tissue Zn
(g/pot) (mg/kg)

Source of variation

Block

P - Fertilizer (P)

Px Block

Zn - Fertllizer (Zn)

Zn x Block

P  x Z n

P xZn x Block

Cultivar (CVR)

P x C V R

ZN x CVR

P x Z N x C V R

P x Z N x C V R x B l o c k

Soil I Soil 2 Soil I Soil 2 Soil I Soil 2d

z

z

4

I

2

L

4

5

10

5

1 0

60

NS

i (*

NS

{< i(

NS
,t<

NS

* t <

NS

NS

NS

**.

*t<

t( {<

*t<

NS

, t *

* *

NS
*

NS

* *

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS NS NS

* *  t F r É  * *

NS NS NS

NS à!r< **

NS NS NS

NS t(t {<{.

NS NS ,F

NS *r( *{<

NS **  NS

NS '< '(

N S * N S

*, **, NS = 0.05 and 0.01 levels of probabil ity and non significance,
respectively. Soil 1 = Mollisol; Soil 2 = Vertisol.

Despite different initial levels of NaHCO3-P (2 mg/kg for the Vertisol and l0
mglkg for the Millisol), both soils showed a similar and significant response to
added P up to the 150 mg/kg level (Figure l). Relative dry matter increases were
2.6 to 3.6 times the control. Similarly, plant P concentrations increased with
each level of added P; responses tended to be higher for the Vertisol, from less
than 0.10 Vo to about0.2 VoP. These responses confirm visual observations
made during the growing period. Without P, all cultivars showed severe P
deficiency symptoms. Even at the 50 mg/kg level, mild P deficiency symptoms
were evident. For Zn concentration, however, there were distinct differences
between the two soils; as P level of the Mollisol increased, pTantZn decreased
from 30.7 to 15.5 and 7.3 mg/kg for 0, 50 and 150 mg/kg P, respectively.
Corresponding Zn uptake value showed no consistent pattern, being 0.18, 0.24,
and 0.15 mg/pot, respectively. Plant zinc value of the Vertisol showed no
particular pattern with applied P, i. e., 13.9,1.3, and 10.2 mglkg, respectively.
However, Zn tptake from the Vertisol increased with applied P, i. e., 0.09,
0.I2, and 0. 18 mg/pot, respectively.

For both soils, the mean effect of the added l2.5mglkgZn, averaged over all P
rates and cultivars, significantly increased dry matter yields (Table 3). Differences
in plant Zn çoncentration were also significant. In the Vertisol, Zn concentration
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was more than trebled. However, Znhad either no effect on plant P (Mollisol) or
reduced it (Vertisol). Decreases in plant Zn at the 50 and 150 mg/kg P levels,
where Zn was not added, coincided with widespread symptoms of Zn deficiency.
Where Znwas added, no such symptoms appeared.

With dry matter yield, there were little differences between cultivars, except the
local forage cultivar (P 586), which was significantly less than the others
(Figure 2). There were little differences between soils. However, for Zn
concentration there were no cultivar differences for the Mollisol, with values for
each cultivar being higher than corresponding values for the Vertisol. The mean
P content of all six cultivars was consistent, i. e., about 0.16 Vo, with values for
the Vertisol being slightly higher than those of the Mollisol.

As P x Zn cultivar interaction was significant for the Vertisol responses of dr1'
matter were presented. While the trend was for yields to increase with added P and
Zn, there were some exceptions (Table 4). Not surprisingly, the addition of Zn
alone had no consistent effect on cultivars. However, Zn increased yield at the 50
and 150 mglkg P rates, extent of which varied with the cultivar. Though the
improved local forage cultivar (P 586) tented to have lower yields at any P level,
there were no obvious differences between different hybrids.

Table 3. Dry matter yield (g/pot), P (7o) and Zn (mg/kg) concentrations of
corn in relation to applied Zn

Dry weight Plant P Plant Zn

Applied Zn (mg/kg) Soil I Soil 2 Soil I Soil 2 Soil I Soil 2

0
r2 .5
LSD O.O5

13.3 1 1 .5 0. 13

r4 .7  15 .6  0 .13

0.9  0 .8  0 .01

0.18  15 .85  4 .63

0.t4 19.74 16.32

0.01  1 .60  r .2 l

Table 4. Dry matter yield (g/pot) response of six corn cultivars to added P and

Zn in a Vertisol

P mg/kg 0 50 150

Zinc mg/kg 0 1 ?  5 0 12,5 0 t2 ,5

t2 .0 T 7 . lP 586

Dra 400

Tx2l

INRAM 304

INRAM 305

INRAM 108

4.4

6 . 1

4 .8

1 5 . 6

1 3 . 3

12.8

9 .1

1 3 . 5

12.9

t 7  . r
2 r .0
21.4

1 8 . 3

20.2

23.2

7 .7

5 . 5

7 . 5

5 .2

5 . 8

6 . 3

8 . 0

8 .0

5 . 2

r  5 .5  18 .9

17.7 22.1

r7.3 r8.7

20.4 25.8

9 .6  19 .1
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Figure 2. Overall mean effect of corn cultivars on dry matter yield and P and
Zn tissue concentrations

Discuss ion
This study demonstrated the importance of adequate P andZnfertilization of corn
in Morocco. Added P not only increased yields but also enhanced forage quality
due to the increased plant P concentration. While crop response to P is dependent
on the initial level of available soil P, it was apparent that the P levels in this
study, i. e., l0 (Mollisol) and 2 (Vertisol) mg/kg, were less than the critical
level. Similarly, the tissue P concentrations of the unfertilized controls, i. e.,
about 0.10 Vo, indicated P deficiency, as they were less than the critical
concentration of 0.14 7a established by Terman et al. (1972). Though no criteria
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have been established tbr dryland corn in Morocco, established critical soil P

levels for fielcl and greenhouie were of about 6 (Abdel MolgT et aL 1988) and
'lz 

iglkg (Azzaoui'et al. lggg), respectively,,served as guidelines for corn. As

;; ir ttîul"lv grown in the seml-arià 250 to 400 mm rainfall zone and generally

wirhour fertilization (Saii rSSU), and as a significant proportion of the soils in

that zone are marginal or deficlent (Abdel Monemàt al. 1990), adoption of

routine P fertllizatton would have a considerable impact on corn forage or grain

output.

The consistent responses to applied Zn observed here suggest that lack of Zn

may severely limif crop yields in the field. Though no field studies have been

conducted *ith Zn, ,o.rr"âppu."nt deficiency symptoms of Zn-deficiency in corn

have been observed, especially in Vertisols where corn is frequently spring-

ptanteO. Using the critËrion of 0'8 mglkg (Lindsay and Norvell i978) as a

iritical value,-the fertility survey of Chaouia province in the n^orthern more

favorable part of Moroccols semi-ârid zone (Abdel Monem et al. I99O) indicated

that a sizable percentage of fields are Zn-deficient'

A surprising aspect of this study was the absence of a diflèrential response of the

six cultiuari to àither P or Zn. The local grain and forage cultivars res-p-onded in a

similar manner to the improved cultivars, at least for the Mollisol' while signi-

ficant interactions occurrËd with the Vertisol, there were no consistent differences

between the local and improved cultivars. All cultivars showed severe P defi-

"i"n"y symproms without P fertilization, andZn deficiency symptoms at the 50

ana tso'mglkg P level without Zn. wile P induced Zn deficiency has been at-

tributed to seieral mechanisms, i. e', precipitation of insoluble P - Zn com-

;;;;Jr in the soil or plant interference with translocation, or dilution in a gteater

volume of plant matèrial (Olsen lg':.2),it is apparent from yield and plant Zn

concentratibn and uptake data that the lattei èxplanation is_ more plausible'

Terman et al. ('îerman et al. 1972) similarly attributed the observed Zn defi-

"i"n"y to dilution of Zn in near Zn-deficient plants by growth. response to P'

Most treatments in this study which were less than 14 mg/kg - the critical plant

concentration for corn of similar age - exhibitedZn deftciency symptoms'

This experiment highlighted the need for f ield evaluation of P and Zn for corn in

Morocô's drylandioné. Under such conditions, where grain and total dry matter

yields can be'measured, differences between local and improved cultivars may be

Évident. While p deficiency can be easily rectified, the problem of Zn is more

difficult. Micronutrient feitilization of îieta crops in Morocco is essentially

absent, and is unlikely to be adopted under low input rainfed farmi:lg conditions

in the foreseeable fuiure. If Zn efficiency is found to be a significant limiting

factor in corn, efforts should be made to incroporate tolerance in future corn

breedingprogramstnMoroccobycrossingwi thcul t ivarsshowntobeto lerant
to low soil Zn levels elsewhere.
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