A Study of Crop Growth Variability in Sandy Sahelian Soils

R.G. Chasei, J. W, Wendt? and L.R. Hossners3

Abstract

Marked spatja| variability in crop growth over short distances in sandy Sahelian sojls (psam-
mentic Palenstalf, sandy siliceous, soh yperthermic) causes Yield reductions withip 2 farmer’s
field and complicates analysis of resujts from field experiments. Planting pearl millet in 2 field
for two consecutive Years indicated that the location of tke areas of Foorsoil does not change
perceptibly between years, and that crops are more affected in bad years than in good years.

Relating rlane height ro soil physical and chemical properties at | 01 points on two transects
showed high correlations with soil acidity and other properties. Data taken from anarea 20 km
from Sadré Supported this finding. A nalysis of surface sojl samples and profiles taken alonga
fransect between areas of healthy and poor crop growth show that acidity decreases and
alkalinity increases as the healthy area js appreached, and that healthy areas have sojjs with low
acidity (<505 Al + Y saturation) down to 35-cm depths, while poor soils are acidic on the
surface (=5 cm).

Pot studies and subsequent plant analvses of 4-6 week-old seedlings showed high Al (> 1400
mgkg-')and Mn (> 1600 mgkg-!)levels in plants grown jn Ppoorsoils. Altissue contents of >600
mg kg were consistentlv associated with Foor plant growth, Liming poor soils two weeks
before Planting reduced Mn tissye butdid not reduce A} tissue or improve Plant growth. In sum,

on poor soils,

Résumé

Variabilité spatiale des cultures des sols sahéliens : Une forte variabilié spatiale de la croissance
des cultures sur de petites distances dans Jes régions sahéliennes de sols sableux (psammentic
Palenstalf, sables, silices, isoh; yperthermique)diminue jes rendementsdes cultures et complique
l'analyse des résultats découlant des expériences menées par les chercheurs, Des semis de mil
pendant deux années consécutives dans un méme champ oat indiqué ; l'absence d'un déplace-
men: perceptible des poches de sols ms iocres d'une année 3 lautre, et I'2ggravation dy
préjudice porté aux cultures pendant les mauvaises années Parrapport aux bonnes années.
Lamiseen relation de |3 hauteur des plantes et des propriétés physico-chimiques du so} | long
de deux transects a montré une forte corrélation entre l'acidité du sof et Jes propriétés y
afférentes. [es dopnées recueillies cans un rayon de 20 km ont corroboré cette constatation,
Lanalyse des échantillons et des profils des sols en surface suivant une ligne transversale
séparant les zones de bonne et médiocre croissance montre : une diminution de I'acidjté et une
augmentation des bases a mesure quel'on serapproche ge ' 2one ou la croissance est bonne, et
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une faible acidiré des bons sols (50% Al + saturation H) Jusqu’s une profondeur ge J5em tands
que les sols payvres sont acides en surface (5cm).

genic processes (Wilding ang Drees 1978, Van
Wambeke ang Dudal 1978). 5 particularly pro-
nounced variability exists. which has a different
cause. In such Cases, patches of poor peasl milje;
growth, 6-30 m i diameter virtually next to highly

treatment effects jp researchers’ field experiments
(Moorman ang Kang 1978).

The objectives of the studies Teported here were
to determine the causes of variability, and 1o seek
methods to eliminate the sources of this variability.

Symptoms

to appear in pearl miller |- weeks after emer-
gence. The seedlings exhibiy Stunted growth anq
the leaves cur] longitudinally, often turning yellow,
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Materials and Methods

The Site

and total amount during the short (approximately

ISC. Two years of fertilized crops had been grown
on the 2-ha experimental field before the present
studicc were begun. Previous experiments there
could not be interpreted due 1o the extreme varia-
bility in crop grewth. Soils at the ISCare represen-



tative of the large surrounding pearl millet-growing
areas. To extend the applicability of this en-station
study, three additional sets of soil samples (per
field) were taken from similar soils from three off-
station fields within 20 km of the ISC site, where
variability in crop growth had been observed.

Sail Sampling and Analysis

Todetermine causes of crop variability, two 50 m x
50 ru transects that intersected perpendicularly at
their midpoint were established. They extended
over both productive and unproductive crop growth
areas. Soil samples (0-15 cm depth) were taken at
I-m intcrvals along earh transect. They were ana-
lvzed by the Institut national de recherches agro-
nomiques du Niger (INRAN) for organic matter, P
(Bray I), particle-size distribution, cation exchange
capacity (CEC), bases (K, Ca, Mg, and Na), and
effective CEC. Soii pH (1:2.5 in both H,0 and
KCl), exchangeable acidity and Al, soil bulk den-
sity, soil surface elevation, and plant height werc
determined. All soi parameters were regressed
against plant height of pearl millet grown in
pockets adjac:nt 1o each sampling site.

In another study, 26 soil samples (0-15 cm
depth) were collected at regular intervals along a
15-m transect where pearl millet de relopment
declined somewhat regularly (i =, from superior
growth to plant death). In addition, soil samples
were collected in increments to a depth of 70 cm at
each end and at an intermedjate Irzation on the
transect. Allsoils were anaiyzed for bases, pH, and
exchangeable Al and Al+H. The bulk of the 26
samples taken along the transect were then used in
pot studies,

ISC Field Studies

Field studies were conducted at the ISC from 1984
through 198510 estimate the extentand severity of
variability in crop growth. In 1984, pearl millet
(var. CIVT) was machine-plantedata 1.0 x 0.75-m
grid spacing in a 2-ha field. Simple superphosphate
(55P) was machine-banded at the time of seeding
atarate of [50 kg ha-t (15 kg T ha1). Urea (100 kg
ha-') was applied by hand adjacent to each hill, half
atplanting and haif a first weeding[about 15 days
after planting (DAP)]. Approximately 30 DAP,
plants were measured in the 0 x 50-m square
defined by the intersecting transects described

2hove. Head number, length, and weight were
recorded for each hil] a harvest.

In i385, the field was planted and fertilized at the
Same rates and times as in 1984, Hand planting
permitted hills o be placed at the recommended | x
I-m spacing. Plant heights and yield parameters
were recorded in the 50 x 50-m subplot as in 1984,
Soil samples were collected on a 4 x 4-mp grid and
analyzed for pH (H,0 and KC), exchangeable
acidity, and Al

Pot Studies

Four pot studies were conducted during the 1984-

1985 dry season. Their objectives were:

® Study !: To determine the effect of soils taken
alongatransect between productive and unpro-
ductive field regions . n pear! millet seedling
foot and shoot growth, angd shoot mineral
coraposition.

® Study 2: Todetermine the effects of lime znd Ca
applied to productive and unproductive so!ls on
pearl millet seedling root and shoot growt.,, and
shoot minera composition.

® Study 3: To determine the effect of nutrient
applications, both individually and in selected
combinations, on pear! millet seedling root and
shoot growth, and shoot mineral composition.

® Study4: To repeat the tt g study using differ-
ent combinations and a soii-sterilization treat-
ment to test for biotic factors.

For the first study, the 26 soil samples collected
along the transect between productive and unpro-
ductive field regions, discussed above, were mixed
individually. Four replications from each of the 26
soil sites, using 7.5 kg of air-dried soil per pot, were
employed. Without furthertreatment, pearl millet
Was grown for 37 days, and then harvested. Plant
shoots and rocts were dried and weighed, and
shoots digested and analyzed for mineral compo-
sitien.

Studies 2, 3, and 4 were carried out using soils
from extremely productive and unproductive areas
of the experimental field. Each of the two types of
svils was mixed ana 10 kg of soil used in each pot.
Amendments (Wendt 1986, Table 1) were added 2
weeks before pearl inillet was planted. Fivereplica-
tions of each treatn.~.t were employed. Plants
were thinizd to four per pot after the first week,
and were allowed to grow for 28 days before harv-
esting. Harvested plants were treated as in the first
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Table I. Pearj millei shoot growth in liming trig) {Wendt 1986).

Rate Lime Shoot wi,
Amendmen; (kg ha-1) factor (g pot-1) pH_
Productive soi] site
(Control) 0 0 O.SJlefg-‘ 542
Ca(OH),*Mg0 27 ! 0.9991gh 5.69
Ca(OH);*Mgo 54 2 0.795er 5.69
Ca(OH)*MgO 108 4 0.882efgh 6.28
Ca(GH)z*MgO 216 8 0.686de 6.96
Ca(OH),*MgO 540 20 0.848efg 8.18
Ca(OH), RA) 1 0.876ergh 6.02
Ca(OH), 70 2 0.799¢r 5.6
Ca(OH): 140 4 0.677de 6.32
Ca(OH), 280 8 0.786er 7.18
Ca(OH), 700 20 0.489¢d 8.33
CaCl,.2H,0 69 | 1.115h 5.97
CaCl,2H, 0 139 2 1.082gh 572
CaCl,2H,0 278 4 0.648de 5.42
CaCl,.2H,0 556 8 1.105fgh 5.94
Unproductive soil sjte
(Control) 0 0 0.236b 4.59
Ca(OH)..ngO 244 | 0.250b¢ 5.98
Ca(OH)_wMgO 489 2 0.194ap 7.10
Ca(OH);*Mx}O 978 4 0.148ab 8.
Ca(OH)ngO 1955 8 0.057ap 9.25
Ca(OH), 36 : | 0.233p 6.02
Ca(OH), 630 2 : 0.14]ap 7.08
Ca(OH), 1260 4 0.121ab 8.91
Ca(OH), 2520 8 0.078ap 9.28
CaCl,.2H,0 627 ! 0.067ap 5.13
CaCl,2H,0 1254 2 0.035ab 5.09
CaCl,2H,0 2507 4 0.000a

CaCl;.?.H;O 5016

L. Dznotes the multiple of equivalen: idity that the applied lime can neutrzlize. For the CaCl,.2H20
treatments, it refers 1o the calcinm cquivalents :~Jative (o the limed soils,
2. Means not followed by the same letter are signiﬁcamly at P =005 by Duncan’s multiple range fes;.

pot study. In aj} four pot studies, pots were watered plant heights 35 DAP. The highest correlations
regularly with we water from ISC whose proper- were obtained between Plant height ang percen-
ties are nearly equivalent o rainwater., tage of silt (r = -0.35%*), exchangeable Al+Y (r=
0.33*%), exchangeable A] (r= -0.36**), ang soilpH

(r=0.22+%), Exchangeable bases and CEC, both

Resiits ang Discussion related to pH in these acig soils, were also highly
correlated with plant height,
Analysis of Sojjs To detrmine jf soil acidity was related to poor

Crop growth in other areag as well, three paireq
Chemical and physical parameters from the )0 samples from adjacent productive and unproduc-
soil samples collecteq from the intersecting 50-m tive regions were taken from similar sojjs in three
transe:ts were statiscally €ompared to pearl mijet farmers’ fields witjin 20km of the ISC. I all three



cases, the relationship between soil acidity param-
eters and plant growth was highly significant
(Tabl: 2). The same relationship was observed in
the experimr =nt using soils taken along the transect
described above. Analyses of the surface 15-cm of
soil showed that pH increased and exchangeable
acidity (Al+H)decreased along the transect lesding
to the productive site (Fig.1). Exchangeabi: Ca,
Mg, and K also increased (Wendt 1986). Alsatura-
tion(r= -0.95), exchangeable Ca(r= 0.88), Mg(r=
0.94), Al(r= -0.95), Al+H (r = -0.96), and pH (r =
0.96) correlated strongly with the position on the
transect.

Soil-profile samples a: the twe extremes and at
the midpoint of the transect were analyzed. The
chemical analyses indjcated a very low effective
CEC(<1.3cmol kg-') and highly variable amounts
of exchangeable cations. Of particular interest is
the variation in the exchangeable Al+H saturation,
i.e.. the percentage of exchangeable Al+H vs the
sum of the exchangeable Ca, K.Mg,Na,and Al+H
(Fig. 2). All soils had a low Al+H saturation at the

———pH

8= ==w=<—-Al+H saturation

Table 2. Soil chemical parameters in farmers’ fields as a
function of crop growth (n=3)

Excharge- Exchange-

able able
pH pH Al+H Al
Area (H:0) (KCl) (cmol kg'y {cmol kg-1)
Area with poor
pearl millet
yield 5.06 3.99 0.42 0.17
Area with gocd
pear! millet
vield 5.86 4.74 0.15 0.00
SE $0.19 1.8 £0.06 $0.04
CV () 8.50 10.30 50.80 -

surface, however the Al+H saturation of the unpro-
ductive extreme of the transect increased to 459 at
adepthofonly 3.5 2m. The Al+H saturation at the
productive extreme increased more gradually,
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Figure 1, Percentage Ai+H saturation and PH of the surface 15-cm of soil along a transect from an

unproductive to a productive region (Wendt 1986).
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Figure 2, Percentage A+l saturation with depth
along a transect from an unproductive to g produc-
tive region (Wendy 1986).

reaching 45% saturatjon at a depth of 35-cm. The
soil at the midpoint of the transect was saturated
with 45% Al+H gz about 12-cm. Aj| soils had
potentially toxic levels of exchangeable Al within
35-cm of the surface. Increasss in exchangeable
Al+H were accompanied by decreases in exchan-
geable Ca and K ip 4 profiles (Wendt 1986).

Field Studies

In 1984, 4.79; of the 2-ha research field used at ISC
wasfound to be totally barren, while 9% was found

to produce exceptional pear] millet stands, To
show the dramatic effect of short-distance changes
in crop growth, two adjacent subplots were har-
vested and compared (Table 3). The better of the
two plots yielded over eight times the grain har-
vested from the poor plot. Analysis of all sites in
the 50 x 50 m area showed that if the entire area
yielded at levels observed in the upper 10% of the
sites, grain production for the field would quadruy-
ple. This suggests that far more than the 4.79;
completely barren area is being affected and may
respond to soil amendments.

A comparison of the growth patterns in 1984
and 1985 within the 50 x 50-m area made j appar-
ent that given locations remained unproductive
over the 2 years. However, the crop was less
affected during the wetter 1985 season than in the
droughty 1984 season. This difference is believed
by the authors to be due to the death of marginal
Plants in the drier 1984 thay would have survived
under more humid conditions.

Pot Studies
Soil Collected Along 2 Transect

Plant biomass and pearl millet shoot mineral con-
centration as a function of position along the tran-
sect between unproductive and productive field
regions were closely correlated with mineral con-
centration in the sojl (Wendt 1986). Extremely
high ~oncentrations of AJ (>1400 ug g-1) and Mn
(>1050 pg gy suggest thai both of thege elements
may have reached toxic levels insome plants, Pearl
millet shoot weight correlated extreruely well (r =
-0.89) with plant Al concentration (Fig, 3). The
critical Al concentration for pearl miljet growth
appears to be <600 ug g-!. Plant Mn concentration
correlated strongly with soil PH (Fig. 4). Ho wever,
it did not correlate well with pearl millet shoot
weight, and proved to be ap insienificant factorin

Table 3. Pear) millet yields messured intwo 7mx 5,25 m plotsseparated uniformly by ane meter inaresearch fietd and
4.

fertilized at the ICRISAT Sahelian Center in 198

Head Grain Stalk
Total Surviving Number of weight weight weight
hills hills heads . (kg ha-t)ee_ .7
49 ‘ 1 27 158 124 470
49 44 157 1302 1030 2340
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Figure 3. Ln (A) concentration) vs shoot mass for plants grown in the surface 15-cm of soil taken along a
transect from an unproductive to a productive region (Wendt 1986).
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Figure 4. Ln (shoot Mn concentration) vs soi pH (1:1) for plants grown in the surface 15-cm of soil taken
along a trangect from an unproductive to a productive region (Wendt 1986).
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The effect of toxjc levels of Mn may be obscured 4]
toxicity or other elemental deficiencies,
The Liming Experiment

Selected chemica] prope:ties of sojls collected for
the liming study are Summarized in Table 4. The

Table 4. Selected cheimnica) Properties of soils used in the
liming experiment (Wendy 1986).
—_— T me

Soil site

Parameter Unprodm
Exch!Ca, cmol(+) kg 0.47 0.68
Exch. Mg, cmol+) kg 0.04 0.09
Exch. K, cmoli+) kg-1 0.06 0.12
Exch. Na, cmol(+) kg 0.02 0.02
Exch. Al cmol(+) kg-i 0.36 0.03
Exch. Al+H, cmolki+) kgt 0.57 0.17
E Bases, cmol(+) kg-t 0.59 0.87
ECEC, cmol(+) kg-1 119 1.07
Al*H saturation 152) 49 16
pH. H,0 4.58 5.67

PH. IM KQ) 3.86 4.56
I. Exch. = Exchangeable.
—_—

productive soil had higher pH, hage saturation,
and excuangeable Ca, Mg, ang K levels, and less
exchiongeable Al than the unproductive sojl,
Pearl miliet seedling growth and soil pH of var-
ious treatments ijn the liming experiment are sym-

weight in either soil, The productive sojj producec
higher shoot biomass than the unproductive soil in
all treatments. In the unproducyjy . soil, shoot
biomass was further inhibited by the addition of
CaCl,.H,0, which resulted in the death of the plany
at the highest rates of application, However, low
rates of CaCl,. 1,0 actually increased A- and Mn-
uptake ia (he unproductive sojls. These unex-
pected results are explained by plant- tissue analy-

tion of Al-organic matter complexes at pH values
between Sand 7. Bloom =t a) (1979) concluded thay
Al-organic matter complexes contro soil solution
Alconcentrationsin soils with low CEC, evenifthe
soils have low arganic matter contents. Farina ¢
al. (1982) suggest that availability of Al at near-
neutral pH vajyes may be due tg increased micro.-

Amendment factor!
_.\..__\_____ —— .
Productive soj} type

Control
Ca(OH),
CaCl,.ZH..O
CaCI,.ZH;O

N —-a

Unproductive soil type

Control 0
Ca(OH), 1
Ca(OH‘: 2
Ca(OH), 3
CaClz.ZHIO 1

Shoot wi. Al Mn
0.831¢2 397 A 156 A
0.876¢ 485 A 118 A
1.1154 6C6 A 221 A
1.0824 345 A 304 A
0.236b 2328 CD 1373 B
0.233p 1397 g 237 A
0.141ab 1574 BC g3 A

1697 BCc 73 A




Table 6. Yie!d response to fertilizer treatments in the first nutrient experiment (W endt 1986).

Shoot wt
Treatment Nutrients applied (g pot™!)
Unproductive type
| P. Ca, Zn, 5. B, N. Mo, K, Mg, lime, Mn. Cu 1.09 de?
2 P. Ca, Zn, S, B. N. Mo, K, Mg, lime, Mn 0.59 be
3 P.Ca.Zn. S. B. N. Mo, K, Mg. lime 1.03 de
4 P.Ca, Zn, S. B, N, Mo, K, Mg! 0.75 cd
5 P. Ca, Zn. S, B. N. Mo. K! 0.27 ab
6 P, Ca. Zn, S. B. N, Mo! 0.26 ab
7 P.Ca.Zn, S, B, N¢ 0.20 ab
8 P, Ca, Zn, S. B! 0.15 a
9 Zn. S, B! 0.09 a
10 Ca. B! 0.11 a
1 B 0.12 a
12 N.P.Zn. S 0.60 be
13 P.Zn. S 0.26 ab
14 Zn. S 0.07 a
15 N. Mo 0.08 a
16 Mo 0.10 a
17 N 0.07 a
18 P 0.24 ab
19 Kt 0.07 a
20 Control 0.12 a
Productive sail type
1 Control 1.33 e
2 P. Ca. Zn. S. B. N, Mo. K, Mg, Mn, Cu! 3. f

1. These treatments contained chloride salts.

2. Means not followed by the same letter are significantly different at P = 0.05 Duncan’s multiple range test.

bial degradation of Al-organic matter at higher pH
values and consequent release of plant-available Al-
organic acid complexes,

Nutrient Experiments

Soil properties in the nutrient experiment were
similar to those in other trials. Productive soils had
higher pH, base saturation, and exchangeable Ca,
Mg. and K levels, and lower exchangeable acidity.
Plant response to nutrient applications in the
unproductive soils was sufficient to increase plant
growth, which never exceeded growth of plants in
the productive soils with no amendments applied
(Table 6). Plant growth in productive soils im-
proved dramatically in response to nutrient appli-
cation,

A significant increase in pearl millet shoot
weight in the unproductive soils occured with the
application of N, P, Zn, and S alone (Treatment
12). While several fertilizer combinations improved
pearl millet production on the unproductive soil,
all successful treatments involved P and N.

Tissue analyses (Table 7) indicate that unpro-
ductive soils did not supply adequate levels of P, K,
and Mg, and were toxic to Al and Mn. Additions
of P. K. and Mg increased plant growth by amelio-
rating apparent deficiencies of these nutrients in
unproductive soils. Lime decreased plant Mn con-
centrations (Treatments 1. 2. and 3). Elimination
of lime from treatments did not result in increased
plant A] uptake. This is probably due to the pres-
ence of P in unlimed treatments. Elimination of P
from the nutrient solution increased plant Al
uptake (Treatment 18 vs 20) and decreased plant
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Table 7, Elemental concentrations in selected treatments in the first nutrient experiment (Wendp 1986).

Treat- Shoot

ment Wt (g pot-1) Plant elemental concentration Soil
P K Mg Al Mn pH
co~1l =1
(g ke"!) —— (eEy
Unproductive sojj type

1 1.09de! 2.6cd 35.9de 2.4b 417a 165a 5.44gh

2 0.59bc 2.7bed 37.5er 2.4b 484a 217a 5.48h

3 1.03de 2.5¢d 35.2de 2.4b 397a 134a 5.291gh
4 0.75¢d 3.3de 38.7er 1.9ab 430a 818b 4.76abcd
5 0.27ab 3.0cde 40.8ef 1.4a 596a 1265bc 4.87bcde
12 0.60bc 2.8cd 27.6cd 1.9ab 268a 929b 5.22(gh
13 0.26ab 2.5bcd 17.5ab 1.7ab 660a 939b 4.54a
17 0.07a 1.4ab 11.3a 1.8ab 2237¢ I561c 4.69bc
18 0.24ab 2.1bc 23.8bc 2.0ab 63la 967b S.1efyg
20 0.12a 0.8a 19.1abe 1.7ab 1248b 786b 4.64ab

Productive soijf type

2] 1.33¢ 2.3bcd 32.8de 4.6¢ 303a 1224 5.00cdef
22 lnur 4.le 45.41 5.9d 332a 26la 5.09der

. Meuans not foilowed by the same letter are sigmificanily different a1 p = 0.05 by Duncan's multiple range teg;.
_-\.¥ ———

Shoot wt
Treatment Nutrients applied & pot-!
Unproductive soil type
! Control . 0.05a3

2 P 0.31ab
3 P.N 1.09bcd
4 P, N, Ca? 0.38ab
5 P. N, Ca, Mg, 52 0.43ab
6 P.N, ca, Mg, S 1.12bcd
7 P.N, Ca, Mg, s. Z: 0.31ab
8 P, N, Ca, Mg, S, Zn, K2 0.47ab
9 P.N, Ca, Mg, s, zn, K. B 0.56ab
10 P. N, Ca, Mg, S, zn, K. B, Mo: 0.45ab
11 PN, Ca, Mg, s, zn, K. B. Mo, lime 1.58¢cde
12! PN, Ca, Mg, s, zq, K, B, Mo, lime 1.62cde
13 P.N, Mg s, Zn, lime 1.15bcd
Productive type soil

14 Control 0.70abc
15 PN 2.00def
16 P. N, Ca, Mg, S, zn: 2.81f

17 P.N, Ca, Mg, S, Zn. K, B, Mo? 3.85g
181 P, N, Ca, Mg, s, zn, K, B, Mo 2.22¢f
1. These soils were stenlized by heating ar 105°¢ for 24 hours.

2. These treatments €ontained chlorjge salts.

3. Means noy followe,

d by the same letter are significantly different at ¢ = 0.05 by Duncan's multiple range res;,
T samc et —
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Table 9. Elemental concentrations in selected treatment;

from the second nutrient experiment (Wendt 1986;,

Plant elemental concentration

N P K Ca Mg Al Mn
Treatment  Shoot wt (g kg ug g
i 0.05a! - 0.7a 14.0a 8.7¢cd 1.5ab 2574¢ 866e
2 0.31ab - 1.8bc 15.4a 6.8abc 1.3a 1052bcd  438bc
3 1.09bcd - 2.3bcd 14.3a 6.8abc 2.0ab 613abc 673de
5 0.43ab - 1.8bc 14.6a 8.2bcd 2.2b 1148cd 774de
6 1.12bcd - 2.2bcd 14.9a 6.6ab 2.4b 519abc 609¢d
10 0.45ab - 1.5ab 32.8bc 6.5ab 1.3a 1514d 826de
11 1.58cde - 2.7cd 42.4d 9.4de 1.7ab 317a 152a
13 1.15bed 43.2b 2.8d 16.6a 11.0e 3.8¢c 420ab 222a
14 0.70abc 38.8ab 1.6b 34.3¢ 8.3bcd 4.9d 679abc 184a
15 2.00def 45.3b 6.6e 25.3b 6.3a 4.6¢cd 397ab 320ab
16 2.81f 43.5b 6.4¢ 29.5bc 8.7cd 6.1e 509abc  208ab
17 3.85¢ 37.4ab 6.4e 45.0d 7.labe 3.6¢c 539abc 186a
18 2.22ef J4.9a 6.9¢ 44.1d 9.8de 4.4cd 638abc 174a

I. Means not followed by the same letter are significantly different at £ = 0.05 by Duncan's multiple range test,

biomass. All treatments that had P as an amend-
ment showed reduced plant Al concentrations,
clearly showing the effect of P in reducing Al toxic-
ity. Additions of P had no effect on plant Mn
concentrations,

Yields and plant mineral compoasitions for the
second nutrient experiment are summarized in
Tables 8 and 9. This experiment generally substan-
tiated what had been observed in the first nutrient
experiment. The combination of P and N reduced
Al concentrations in pearl millet shoots grown on
unproductive soils and improved biomass produc-
tion substantially, Further, the detrimental effect
of chloride salt additions is clearly evident (Treat-
ment3vs4,5vs 6, Table 8). The chloride salts had
the effect of increasing Al uptake and decreasing
shoot biomass. When sulfate salts weresubstituted
for chloride salis (Treatment 4, Table 8) biomass
production and shoot Al concentration improved
dramatically. Soil sterilization did natimprove the
unproductive soils (Treatment 11 vs 12, Table 8)
indicating that biological factors were not the
cause of poor crop performance.

Phaosphorus availability from applied P was
higher in productive than in the unproductive soils
(Treatments I and 3 vs 14 and 15). The apparent
increase in P-fixation in unproductive soils sug-
gests that P is being precipitated by Alin the solu-
tion (Birch 1951). Phosphorus can also be immo-
bilized by Al'in root tissue (Wright and Donahue

1953). Phosphate “liming".i.e., the precipitation of
Alwith P, may be aninefficient use of Pfertilizer in
acid Saheliansoils. Woodruff and Kamprath (1965)
observed that P fertilizer addition for optimal
pearl millet growth was reduced by 50% when the
exchangeable soil Al was first neutralized by
liming,

Conclusion

Aluminum, toxicity is the probable cause of poor
pearl millet growth in the unproductive soils used
inthe pot studies and is probably the primary cause
of variability in pearl millet stands in the fields
examined. Mn toxicity may also be an important
factor contributing to poorcrop production, but in
these studies it was at most a secondary problem.

Elemental deficiencies exist in these soils, com-
pounding the variability problem. The unproduc-
tive soils in particular produced plants deficient in
N,P,K, and Mg when compared to values given in
the literature. These deficiencies may also play a
role in soil variability as theyare more pronounced
inuuproductive than in productive soils. Even soils
taken from relatively productive areas in the field
responded dramatically to fertilizer inputs. This
indicates the need for comprehensive fertilizer
research involving several nutrients and nutrient
combinations.
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Liming of unproductive soils with Ca(OH), had
asignificant effect in increasing soil pH and reduc-
ing plant Mn uptake, but did not affect plant Al
uptake or improve biomass production. The inef-
fectiveness of lime applications ip reducing Al tox-
icity has been reported elsewhere and s still under
investigation by the authors. The use of chloride
salts increased plant A| uptake and decreased plant
biomass on the unproductive soils, but did not
adversely affect plant growth in productive soils,
Bycomparison, the yse nfstlfate salts did not have
an adverse effect on ejther productive or unpro-
ductive soils.
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