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The CiTects d eontinuorrs nitmgen fertilizaoioa (NH4)2S04 on chaogcs in sdl 
chemical composition and on the ykkl and nutrient content d Okra (Hibiscus 
esculenw L.)  leaves were studied in the &Id. Ammoahun snlphntc wbcn 
appM~sNfertilizcrswrce,-dccnr#dsdlpHdykld.SdlOM 
(wganie matter), K and Ca ckemased, N03-N and P inerrrrecd witb conliowos 
cropping as compared to soil values prior to &vation. M nutrient 
comxnhtion at vrvious stages of the p b t  growth was d k t e d  by nitrogen 
fertilization. Soil o@ matter was positively d t e d  with l e d  K, Ca and 
ivg (r = o.n**, o.tvO+* 0.72** rc~peeti~~lg), ww PH d t e d  
positively witb leafN03-N and P (r=0.67+*, 0.91.. I.cspcctively). A positively 
s i p i k t  cordation was established between okra yield and led Mg when 
sampled at the vegetative (r = 0.59*) and at tbc tlowtring (r = 0.72.') stages of 
growth, ~DII with leaf P (r = 0.92***) at the fraiting stqm d growth. It is 
suggested that (NH4)2~04 fe& ifapplicd to an add st&, s b d  be combined 
+*'i r liming material to hcrease soil pH m as to obtain a more favourable 
gn* a O ~ F  ak plpnt. 

Introduction 

The okra is fast becoming an important vegetable crop in the tropics, 
particularly in all the states of Nigeria. It is frequently included in the daily 
dietary formulation. When.cooked fresh, the okra pod contains approximately 
86.1 %water, 2.2% protein, 0.2% fat, 9.7%carbohydrate, 1 .O%fibreand 0.8% 
ash (1 1). It is also known to contain afair amount of vitamin A and to be rich in 
minerals. The okra is, therefore nutritively valuable. Thus far, however, it is 
only cultivated largely by peasant farmers for local consumption. 

In Nigeria, the okra thrives naturally.in the low-land rainforest soils high in 
moisture and temperature. In areas where peasant farmers are engaged 
almost solely in the production of this crop, extension agents often 
recommend the use of nitrogen fertilizers, because it is supposed to be the 
single element that most limits yield due to its heavy loss through leaching in 
the torrential rainfall prevalent in the area. The nitrogen fertilizer source 
available for use until recently had been ammonium sulphate. When applied 
particularly to slightly acid soils, the result in okra yield has often been 
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disco.rraging Ahrn€o arud Tulloch-Floid, (1969) wofkirq with c,.$a in Trinidad
oOserveO'nat fte applicalion cf (NH4)2SO4 groater thgrl12k9/he rgduced
yield in the absenci O tlming. As if and Greig-(1972), sd Sirqh q1{ $lph
(tS65l, found that an irpreaJe in nitrogen tertilizafron greseef imn 136 kg/ha
is (ftftC)eSO4 prodrrced some decline in the ykild cf okra. The- reaeone for
this effei:t weraattributed to the acid lormirq characreristics of anv.nonium
sulphate (obi, 1976). lt is also possibb that the applktd N, usually in the'lq\.ury
ambunt, ivoutO bad to an imbalance of ofrer nutrisltg in the goil, u,hbh
subsequentty would affect plant uptake and rccurruhti6 of rutrients in tlr
leaves.'The ioncentrdion o-f nutrisr6 in the functi:nirg bros up to tp tirne cf
sampling repres€nts an integratbn of all tactors that dlect platnutritkn.
HenAe, fire tiat content ol ru,rtrient elements as a reqrlt cf rftrogm brdlization
would give a fair assessnrent o the nutritpnal pd€ntial cf th€ okra_ plpf

The sludy reported here is ained at evaluatirq th€ e'ff6cb d$to spdicdion
of (NH )2SO4 as N-fertilizeron the soilchemlcel conpoeitkrn..ltiqalsoainted
at estiriiating the level of the corrcentration of macronutfufitsh the leaves of
Okra plants at varior.rs stages of growth, as afiected by N fettilization, and
relating those two factors to fruit yield.

IUrtcrhb rd lffi
A field study was conducted to determine the influence of nitrogtsn

fertilization on the macronutrient Composition of the soil and the ntnrient

Content Of okra (Hibiscns esculcntus L. cv. 'dtrarf) leaves and fruits. Thb

experiment was sited on a soilthat hdd been in fallor for over ten VearS,pd
belonged to the broad group of Fem.rginous Tropical Soils (FAO, 1975). The

soil is referred to locally as'lwo' soil series (Oric Tropudalfl and is moderately

to strongly leached. lt is ef loW to medium humus content with weakly to
strongly acid subsoil (Agboola and Fayemi ,'l977l.lt is generally well drained
and cleep and derived from granitic rocks and grreisses (Smyth an{
ilontgonnry, 1962). Average annual precipitation is above 150omm'

Itxi exparinpntal.layout was a rendomised cornplete olock design ulth 5

replirxtbns. There were 5 nitrogen treatments ol0, 20, 40, 80 and 160 kg

N/tra applird in the form of sulphate of ammonia. Basal application of P as

slr€le supophosphate and K as Muriate of potash each at 't0O kg/ha'was
made prior to treatment and ploughed in'

To rnaintain efficient utilization of the appfied N fertilizer by the okra plant

ard at the sarne tirne redWe excessive loss through leaching caused by

tenential rainfall prevallr[ in the area,.the N treatments were applied in splits.
Thus, trE'20 kg N/tra treafnent was applied once, the 4O to 8O kg N/ha
treatrrpnts rcrO applied in two splits and the 160 kg NflIb treatrnent was
eppli€d in thrge splits and timed to cgincide widr early vegetative, flowering
arrt fruilirg $qles of grortr. The N treatments were placed by hand at about
SCrn frgn fie base of the plants, Using calibrated containers to ensure
unitonn distribt.tttm.

The okfa soeds were planted by hand and thinned to a single plant at a
spacfulg of 1 by 1 meter. Bbck size was 20 by 4 metors. Cultural practices
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during growth of the crop were typical for the area. The duration of the 
experiment was from March to July 1975 and repeated for the same duration 
in 1976 and 1.977. The data pr I of three 
years. 

ssented he 'mean 

Soil samples were taken from the fallowed site before clearing and at the 
end of each season of growth of the okra plant, for three seasons (3years). All 
soil samples were taken at 0 to 20 cm depth as a composite of about 40 to 50 
cores. The samples were air dried, ground to pass a 2mm sieve lor chemical 
analysis. 

Soil pH was measured potention metrically in a 1 :2.5 soil : 0.0 1M CaC12 
solution ratio. Organic matter was measured by chromic acid digestion 
method. N03-N by phenol disulphonic acid, P by Bray -1, K and Ca by 
neutral ammonium acetate extraction and read in a flame photometer. 

The first lead samples were raKen from fully expanded nearly mature leaves 
(laminae plus petioles) from about the middle of the plant during the 
vegetative stage of growth which was about 4 weeks (April) after germination, 
the second sampling was at ftowering (May) and the third sampling was 
made at the fruiting stage of growth (late MaylJune). In all cases, leaf samples 
were taken about a week after fertilizer application. Okrafruits were harvested 
fresh twice weekly starting from mid-June to the first week in August 

Leaf samples were washed in distilled deionized water following standard 
procedures aimed at eliminating micronutrient contamination, and then dried 
in an over at 65 to 7OoC and ground in a Willey microhammer stainless steel 
mill. The ground sample were redried at 1050C before chemical analysis. 
Fresh fruits were weighed soon after each harvest and dried similar to the 
procedure described for the leaf samples. 

Analysis for NO3-N was done calorimetrically using the phenoldisulfonic 
acid method, P by the nitricperohloric acid wet digestion method of Lott et al. 
(1956), K and Ca by flame photometry and Mg by the thiazole yellow 
colorimetric method. 

Exammation of the foliage o the okra plants after three years of continuous 
nitrogen fertilization failed to reveal ihe usual N deficiency symptoms in the 
minus-N fertilizer plots. 
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Figure 1 shows the effect of increasing rate of N fertilizer of soil pH and 
organic matter. 

Tbre soil pH and organic matter content prior to treatment were about 6.0 
and 2.4% respectively. However, the addition of the N fertilizer produced-a 
marked decrease- in pH in the 40 to 160 kg Nlha treatments. Soil organic 
matter decreased with increasing N fertilization, up to 40 kglha and thereafter 
increased at the 80 and 160 kg Nlha plots. 

The addition of N fertilizer increased soil N03-N (Figure 2). The 
uncultivated field was relatively low in N03-N Nitrogen fertilizer application 
increased soil P particularly at the 80 and 160 kg Nlha treatments but 
decreased it at the lower levels of N application. 

As shown in Table 1, soil K and Ca were depressed at all levels of N fertilizer 
treatments relative to the uncultivated soil which contained apparently high 
levels of K and Ca. Compared to the minus - N plots, continuous fertilization 
'ww N produced significant increases in soil K with the highest K level being 
obtained at the 40 kg N/ha application. The effect of N on soil Ca was 
inconsistent. The highest soil Ca was obtained at the 20 kg Nlha treatment 
followed by a decrease at the 80 kg N/ha and an increase at the 100 kg Nlha 
treatment. 

F i g w e 3 s h o r v s t h e B o t r n - N h t h e m a t t h e b  
fiower~ng and fruiting stages of growth. 

Nitrogen fertilization resulted in a marked increase in leaf NOg-N at the 
vegetative stage with the increase being more marked at N treatment above 
40 kglha. I n ~ ~ c k t n W s c a r n u l a b d m W v d y l a w w ~ - ~ a t  
the flowering and fruiting stages or growth. Leaf P at flowenny was n~ghest 
relative to the fruiting and vegetative stages of growth (Figure 4).. Nitrogen 
application had no consistent effect on leaf P. 

Figure'5 indicates that the accumulation of K in the leaves decreased at the 
vegetative and flowering stages of growth in the absence of N fertilization and 
increased at the 20 and 160 kg Nha treatment only at the vegetative stage. At 
fruiting, the increase in N fertilization depressed leaf K with the unfertilized 
plot establishing the highest level. Leaf Ca was generally h~gher in the 
unfertilized treatment and declined with increase in N fertilization. The highest 
leaf Ca was obtained at the fruiting stage with the lowest being obtained at the 
vegetative stage of plant growth. 

As shown in Figure 6, N at 20 kg/ha induced increased leaf Mg followed by 
a marked decrease in 'the vegetative and flowering stages as N fertilizer 
increased. At fruiting, leaf Mg was relatively high in the unfertilized plots and 
declined as N rates were increased from 20 to 40 kglha. The highest leaf Mg 
was obtained at the flowering stage when N was applied at-20 kglha. 
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~igure 3. The distribution of NO,-N in Okra leaved at various stagem of growth 
under Nitrogen fertilization. 



8 
Y 

a. 
' 0.10- 
Ir. 
d , Veget o t ive 

A " ' I  

Figure 4.The .distribution of P in Okra leaves at various stages of 
growth under nitrogen fertilization. 
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Figure %Tile influence of nitrogen f e r t i l i z a t i o n  on Leaf-K and -Ca of the okra plant 
sampled at variouu stage8 of growth. 
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Relationship among Soil Chemical Composition, Leaf Content and Yield. 

Data from simple correlation coefficient (Table 2) show that soil pH was 
significantly correlated with leal N03-lu and P. There was no effect of pH on 
leaf K. Ca and Mg. Soil organic .matter showed a significantly positive 
correlation with leaf K. Ca and Mg. Except for a highly negative significant 
correlation between soil P (Bray-I) and leaf P, the corretation between soil P 
and other leaf nutrient elements was non-significant. Soil K correlated 
positively with leaf P and K, and negatively with leaf Ca and Mg. The 
relationship between soil Ca and the leaf cations was non-significant. 
However, soil Ca showed significantly negative relationship with leaf NO3-N 
and a positive relationship. with leaf P. 

With the increase in N fertilization, okra fruit yield consistently decreased 
(Figure 7). The highest fruit yield was obtained in the u~fertilized plots, while 
the 160 kg N/ha application showed the lowest fruit yield. Fruit yield 
ccrielated positively with leaf Ca and Mg when leaf sampling was done at the 
veqetative stage of growth .of the plant (Table 3). At flowering, all leaf nutrient 
elements were negatively correlated with yield, except for a marked positive 
correlated with leaf Mg. At fruiting, yield and baf NO3-N .were negatively 
correlated while a highly significant positv~relationshir~was obtained for leaf 
P 

Fruit elemental composition 

Table 4 shows the concentration of nutrient elements in the okra fruit at 
increasing N fertilizer rates. 

Fruit NO3-N increased slightly with increase in N fertilization reaching 
significance at the 160 kglha treatment. There was no effect of N fertilizer on 
fruit P, K and Ca. However, fruit Mg at the 20 kg Nlha treatment was 
significantly increased. 

Discussion 

Soil Composition 

The decrease in soil pH resulting from the use of (NH4I2So4 as N fertilizer 
source was caused by adsorption of NH4+ Lon to the surface of the colloids in 
the soil, thus replacing equivalent quantities of other cations including H+ 
with subsequent increase in soil acidity. Soon and Miller, (1977), reported that 
theacid inducing effect of (NH4I2So4 may be a reslt of the sorption of NH+4 
with the release of the S O c  acid radical in solution: 

Another important cause of acidity following (NH4)2S04 fertilization is the 
direct nitrification of NH4+ by nutrifying bacterm, as foltows: 



Nutrlent contenf 
Treatments ( P P ~ )  

(kg N/hu) 
K Ce 

SE 2 19 - -- 
Pretreatment Sump l e  582 1055 



T A E E  Z IPLATlONSU? Be- Ma aWllCAL C-ON AND 
L W P  IVUlxlum CONTENT 

Correta t lon 
Sources c o e f f l c l e n t  ( r )  - -- 

k l l - p t i  versus Leaf - r 3 - N  0.67" 
" I t  11 - 0.91"' 
II II 11 - K 0.26 
II II " - Ca 0.26 
11 II *I - % 0.01 

Sol1 Organlc Matter versus Leaf 
11 11 11 11 11 - - f'3-N 

-0.41' 
-0.24 

11 II II 11 11 - K 0.721' 
11 II II I* 11 - ca 0.67'' 
11 I t  11 II 1, - b .  0.72'" 

Soll-P versus Leaf 
II I t  I t  : p 3 - N  

0.38 
-0.65'' 

11 I1 11 - K 0.19 
II I1 If - Ca -0.09 
II I t  11 - &j 0.34 

Sol I-K versus Leaf 
II 11 I1 : 7 3 - N  

-0.12 
0.56'' 

I* n " - K  8.82f" 
11 n 11 , Ca -0.84'" 
11 ". 11 - -0.9 1 *** 

So11-Ca versus Leaf - fP3-N -0.58" 
II n 11 - 0.45' 
n I1 11 - K -0.20 
II n " - C a  0.05 
I! w 11 - -0; 32 

1; 



Correlation C o e f f l c l e n t  ( r )  

Staqos 01 C r w t h  

Source Voqetatlve Flowering F r u l t l n g  

Y i e l d  versus Loaf-NO -N -0.39 -. C-959.. 
J 

0.79'.. 

Y le td  versus Leaf-P 0 .10  -0.73.'. 0.92'.. 

Y l o l d  versus Leaf-K 0 . 1 1  -0.'77... 0 . 1 7  

Y l o l d  versus Leaf-Cs 0 .47  -0 .03  0.54 

Y I c 1 d vorsus Leaf -M~J 0.59  0 .77 '"  0 .01  - 

The I n f  

f r u l t  n 

luencc of  nl tmqon f e r i l  l l r a t  Ion on okra 

u f r i e n t  concentrat lon 9ppm o r  5 I n  W). 

- - 

Troatrrents Nutr lent  concentrntlon 

( k q  N/t1;)1 
FK) -P1 P K c n Prrl 

( P a m )  t l )  (I) ( I )  ( 1 )  
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Similar effects were stated by Anderson, (1970) and Obi (1976). 

The organic matter content of the soil was originally about 2.4%. However, 
as the fallowed site was cleared and put on continuous cropping, the level of 
orclanic matter decreased probably as a result of increase in the rate of 
decomposition of the biomass in the soil, the soil temperature and exposure 
t,? rainfall (increased moisture) would have providedadequate environmeht 
for the microorganisms~ubert et al. 1977). The observed increase in 
soil -- K at higher rates of br fertilization (Table 1) may be partly due to the 
displacement of K+ on fhe exchange sites by the apparently saturated 
concentration of NH4+ caused by the ( N H ~ ) ~ s o ~  fertilization. It is also 
possible that as N application increased, the rate ot m~crobial decomposition 
of OM would increase; consequently increasing the K+ supply in the soil. 
Nitrogen fertilization, particularly at 40 and 80 kg/ha resulted in a substantial 
decrease in organic matter..There is the possiblity that with the addition of N, 
the C/N ratio in the soil would decrease, a situation which would provide 
adequate nutrition for the microbes for more effective decomposition. 
processes. These possibilities are reflected in the increase in soil N O ~ - N  
ana P over that of the origina! soil. Agboola et al. (1974), noted that N 
fertilization increased the rate of mineralization and hence the release of 
mineral N and P in the soil. 

Relqtive to the levels of K and Ca in the' fallowed soil (original soil), 
continous cultivation resulted in adecreasi! in these elements doe to nutrient 
removal by plants.'Agboola et al(1974) found that when a field has just come 
out of fallow, the exchangeable bases were very high but with continued 
cultivation these elements were leached down the soil profile beyond the 
ploughable depth. It should be noted also that the organic matter content 
during cultivation decreased (Figuie. 1). consequentty the level of released 
bases during decomposition would be reduce& 

leaf nutrient composition and'tnrit yleld 

Nutrient concentration in the leaves, panrcularly dueing fruit formion is 
important for assessing nutrient need and utilization by the plant. During 
flowering and fruiting (the productive stagesaof the okra plant) a greater 
demand was made for NO3-N for the formation of the fruits, and for K for the 
translocation of carbohydratesfrom the leaves to the fruits. Th~s phenomenon 
would have been responsible for the reduction of NO3-N and K in the leaves 
during the flowering and fruiting stages of growth of the okra 0lant.Thus when 
fertilizer application is timed to coincide with period of greatest demand by 
the plant, enhanced fruit production may be achieved. As it was observed 
from this study, the side-effects of ammonium sulphate as a source of N 
fertilizer on Ca and K is the increased. demand of the crop for these elements 
which rest&xl b fast depletion of soil Ca and K.W&uation apparently 
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affected okra yield, adversely. Ahmed and Tulloch Reid (1968), found that 
without liming to counteract the acidifying effect of, (NH4I2SO4 in the soil, 
okra yields were adversely affected. Thus, the decrease in y~eld may not be 
attributed to the level of, NO3-N in the leaf but to the source of N fertilizer 
applied 

Relationship among soil composition, leaf nutrient content and ykld 

Simple correlation coefficient between soil chemical composition and leaf 
nutrient content suggests thar soil organicmatter plays a vital role in the 
availability of the exchangeah!e cations in the soil and their eventual uptake 
by the plant roots and accumulation in the leaves. Soil pH correlated 
significantly with leaf NO3-N and P, suggestinq that leaf contents ot NO3-N 
and P are functions of soil pH. This observation contrasts with that of~gboola 
and Corey, (1973) who found a high correlation between soil pH and the 
exchangeable K and Ca. There is an rndication trom the data in this study that 
Bray-1 -P does not'necessarily predict the magnitude of P absorption by 
plant roots and hence accumulation by the leaves, considering the negative 
relation between soil extractable P and leaf. I! is thus possible that an alkaline 
extractant instead of .the a c d  extractant (Bray-1) usually applied to 
inherently acid soils such as tho?vr?e used in this study, may produce a better 
correlation. 

A positive relationship exists between yield and leaf Ca (r = 0.47*) and Mg 
(r = 0.59**) when okra leaves were sampled at tne vegetative stage of growth, 
while yield was highly correlated with leaf Mg (r = 0.72***) at flowering. Thus, 
these elements when determined in the leaves at the various.stages of plant 
growth could give a fair assessment of the yield potential of the plant. Leaf P at 
fruiting was positively correlated with yield (r = 0.92"*). In general, sampling 
may be made at the vegetative stage of growth of the plant for Ca, at both 
vegetative and flowering stages for Mg. and at fruiting for P for predicting the 
yield of the okra plant. 

The stuayof plant nutrition andsoil fertility should emphasize fruit quality in 
relation to elemental concentration for animal and human needs. With this in 
view, the okra fruits were analyzed for the content of micronutrients. The 
result indicated that NO3-N increased as a result of increasing N fertilization. 
Although N03-N itself is not very toxic to animals, high concentration in food 
and feed crops are generally undesirable, because of its conversion in the 
digestive tract or in stored food to nitrites. The nitrites often become toxic to 
animals because once absorbed into the blood system, they react with 
hemoglobin in a way that interferes with the transport of oxygen n the 
hemoglobin (Allaway, 1975). While no attempt was made in the present study. 
to relate the okra fruit NO3-N to human dietary needs it is important to note 
the gradual increase of-this element as a result of increasing rates of N 
fertilization. 

It is inferred that the continuous use of (NH4)2S04 as a source of 
N-fertilizer for okra production resulting in- increased soil acidity would limit 
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the availability of micronutrients particularly the cation concentration in the 
plant. This situation would undoubtedly be detrimental to plant growth urlless 
a liming material is used when applying (NH4)2S04 fertilizer to a slightly or 
strongly acid soils. 
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