A COMPARATIVE STUDY ON THE BEHAVIOR OF NUTRIENT
UPTAKE BETWEEN JUTE (CORCHORUS CAPSULARIS) AND
KENAF (HIBSCUS CANNABINUS) *

C. F. Lin

Due to the limited arable land of Taiwan, jute is being considered as a crop antagoniéﬁc
to paddy:rice. In order to appropriate increasas in staple food and fiber production, this
institute began a ‘series of experimants (4,5) on the cultivation of kenaf, which has a
fiber quality similar to that of ju‘te", but is possible to grow in a soil that is rather low in fer-
tility. However, as specific information is lacking on the behavior of uptake of nutrients
of kenaf in comparison with that of jute, this expriment was designed for getting infor-"
mation regarding the behavior of uptake of nutrients of kenaf and jute, and their dif-
ferences in leaf composition.

Exparimesntal procedure

This experiment was conducted in the fie'd of Taipei clayey loam with a pH 4.7.
The design of the experiment consisted of ten treatments in a ré.ndomized block with qua-
druplicate. Each plot was 2.25 by 7.5 meters, and separately p'anted with a jute trial of
Hoowae blue No.7 and a kenaf trial of Madras red. Fertilizers were.added at the levels:
0-0-0, 1-1-1, 2-2-2, 3-3-3, and 4-4-4 which are indicating N-P,0;-K,0 applied at rate of
-0-0-0, 40-40-60, 81-8,-120, 120-127-180C, and 16(-160-24C kilogram per hectare, respec
tively. The nitrogen was derived from ammonium sulfate, phosphoric acid from super-
phosphate and potash from sulfate of potash. Two-plant samples used for chemical
analysis were taken &t random from plants of average height in the middle row of each
plot at harvest time and during the vegetative growth. Total nitrogen was determined
by semimicro-Kjeldah! method. phosphoric acid by the method of Lorenz and potash by
the volumetric cobaltnitrite methcd.(1)

Pot culture was simultaneously conductad in the greenhouse, in ordasr to collect all
leaves fallen during growth. For this experiment soils were taken from the same field
in which field experiment wes being made a~d the similar fertilizer treatments as des-
cribed in the field test were laid in duplication, and 16 kg. of soil were used per

* This experiment was inclnded in the experiment entitled “Effcet of Continuous Cultivating of Jute
and Kenaf on the Yield of the Following Crop,” and was conducted in cooperation with P. L. Chang and
K. C. Chang, senior agronomist and junior agronomist, respectively. Here, data presented are confinded to
the part of chemijcal study.



pot. ‘The same varieties of jute and kenaf were separately planted in each prepared pot.
After _germination, the seedlings were thinned to two most vigorous plants for each pot. '
Efom the beginning to the end of the experiment, the shedd=d leaves were’ collected and:
stored. After harvest, the dry matter conteit of total shedded leaves and plant were
determined. Samples of leaves were divided into two portions; petiole and blade, and were
separately analyzed for d@termmg nitrogen contant by Xjeldahl method.

Resnlts and DISCU sion ‘ PR

Effect of fertilizer on the dry matter content of jute and kenaf
As this experiment was mainly designed to get an information as to the difference

in the behavior of uptake of nutrients bstween jute and kenaf, the data concerning the
ield of fiber are not included here. Generally speaking, the yield of dry matter increased
as‘the rate of fertilizar application was incroasad (Fig.1). However, if the yield in the plot:
of 222 was taken as a basis for comparison, it was found that the yield did not show
further sigoificant increase, when the rate of application. exceaded the level of 222.
With jute, however, more yie'd was obtained from the plot of 222 than that of 111, the
difference was sigaificant through t-test, whereas, with kenaf, it did not occur. It seems
to indicatet that the responses of kenaf to 222 fertilizer had a similar trend, but of a
lesser magnitude than that of jute. Thus it may be possible to obtain a desired yield of
kenaf.with a lower rate of fertilizer applicaton than that for jute. '
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Fig. L. Effect of fertilizer on the dry matter contents of jute and kenaf
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The percentages of N, P,O;, and K20 in jute and kenaf at the harvest time were
separately plotted in Fig. 2. - It showad that the percentages of the nutrients in plants
of unfertilized plots were always higher than those of fertilized plots at the level of 111.
It seems to indicate that the application of fertilizer at certain level would cause a much
more rapid process of photosynthesis, i.e. the rate of elaboration of dry mattér was more
rapid than nutrient absorption. Consequently, it induced the decreases in N, P,05 KO
contents as the percenatge in the content of dry matter increased. This may be considered
as a result of dilution. Terman, Carpenter, and Cunningham (3) has acquired the same
conclusion in their studies on the relation between the percentage of potash and the dry
matter content of potatoes, .

Generally speaking. an increase in the rate of application usually resulted in an incre-
ase in the percentages of N and K,O in both jute and kenaf (Fig.2). But a striking
difference has been found in the case of kenaf, when its results were compared for the
percentages of nitrogen and potash derived from plot 222 with that from the plot 44,
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Fig. 2. Effect of fertilizer on the pecentages of N, P;05, and K0
in the plants of jute and kenaf
While, in the case of jute, the results of the similar comparison was insignificant. The
effect of nitrogen was studied by Yamaguchi (6) who showed that nitrogen would cadse a
greater increment in fiber production in kenaf than that in jute.
The shape of the utilization curve for phosphoric acid showes that the percentage
of phosphoric acid in plants gradually decreased as the rate of application increased. It is
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especially true in thie caseof kenaf. - Its phosphoric acid percentage derived from jthe:plot
222, 333, or 444 are significantly lower than that from the plot 111, whereas, in-the case
of jute these comparisons are insignificant.” Alehiough this indicates that the P,O;~réquire-
ment of these two crops is.less in amount, the response of kenaf to phosphatic fertilizer
thay be considered to be much lesser. Yamaguchi (6) has also pointed out that the
effect of phosphatic fertilization is pos1t1ve on jute and negatxve on kenaf '

FEffect of the nutrients applied on the amount of nutrLents absorbed by jute and kenaf
The amount of N-and K,O absorbed by jute and kenaf were found, in .general, in-
creased s the fertilizer applied increased (Fig.3.). However, if the amount:of N and K,0
derived. from the plot 222 were taken as @ basis for comparison, it was found ‘that be-
yond this level, in the case of kenaf, furthér increase in rate of application would still
cause a significant increase in the amount of N and K,0 absorbed, but the same was
not true for jute. Very little evidence was fbund regérding the amount of phosphorus
2bsorption affected by its rate of application, so it might indicate that among the three
essential elements, nitrogen and potash are the most impoztant elements for get?ing the

desired growth of jute ard kenaf. And phoéphorus was needed in the least amount. It
was mentioned above that if the rate of application of fertilizer exceeded the level of
222, the dry matter content of kenaf was not significantly increased. Consequently, the
continucus absorption of N and K,0 were probably largely attI‘IbUlEd to the higher ab-
sorptive ablhty of kenaf,
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Comparisons of the average contents of dry matter and nutrient elements between jute
and kenaf P , e b L

" The data concerning the average contents-of dry matter, and nutrient elements be-
tween jute and kenaf are given in table 1 - It showes that there were little differences in
the content of dry matter and P»0;% betwzen “jute and kenaf, but striking differences
were observed-in the content of nitrogen and potash between the two, i. e. the nitrogen

3

content of kenaf was higher than that of jute, while, the reverse occurred in the potash
content. In view of the experimental results, it may’bz concluded that nitrogen would be
the limiting element for getting the desired growth of kenaf. "As most soils in Taiwan
are deficient in this element, nitrogen fertilization is particularly important. ‘
Table 1. Showing the average contents* of dry matter and nutrient elements in
' jute and kenaf. B

Kind of ‘plant ggrnt;l:t tgf Per celiﬁ gfarrlléltxients Amount %fy r;)tﬂr&:nt ’upta.ke
I N7 | P0% | K% |Nlgha [P0, kgfa Kq0 Tgjha
Jute 53798 | " 0.63 047 | 218 36.35 26.06 127.19
Kenaf 5384.3 072 044 1.81 4290 | o441 | 10708
LS.D.05 | 887 0.04 036 | oi1 | 416 271 945
01 526.2 0.06 048 | 015 | 562 | . 366 | 12718

* Hach value represents average of 20 replications.

Relation between the individual nutrient absorbed by jute and kenaf
For clarifying the interaction between the individual nutrients absorbed by jute and
kenaf, the correlation coefficients were computed and compiled in table 2. The increase
in nitrogen absorption with increase in potash was highly correlated in all cases which
Table 2. Correlation coefficients between two individual nutrient elements absorbed
by jute and kenaf

: ) Jute 8 . Kenaf
Correlation between Correlation | - Corrolation ( .
k coefficient- . coet’fic;ent |
Ni& P,0, 0.3956 1gws 00175  oome
N & K,0 08633 7.2584**% - 0.6862 4.0028%*
. PO; & K0 - 04253 _ 19938 . | 0.0592 T 02517
Partial cor- Partia.];cc;r-
relation co- . t i.  relation co- t
efficient ) - efficient
N&EPO, 0.0628 0.2568 © -0.0319 0.1315
N & K0 . 08363 © O 62809%% | . 06365 3.8928 %
P,0; & K,0 01808 | 07579 | o-o0649 0.2631

**Showing correlation coefficient of highly significant.. -



indicates the necessity of applying a balanced nitrogenous and potash fertilizer for the
growthiof jute and kenaf. It may be noted that the negative valué of partial corre-
Jation coefficent between nitrogen and phosphorus was merely occurring -in the case
of kenaf. Tt Wou'ld seem  to' indicate that from the standpoint of fibet production,
the apphcatlon of phosphatic fertilization on kenaf would be unnecessary ‘except where
soil is extremely low in available phosphorus Farmers are usually applymg farmyard
manure Whlch contams sufficient phosphorus for the need of kenaf. :

Comparison in the contents of dry i_natte_r and nitrogen of the shedded leaves -between
jute and kenaf . L
t was beheved that the jute was very hard upon lhe soil.. This means that jute
depleted the plant food elements in a soil very rapldly However, substantlal data for
an elucidation of this are still lacking. For introducing kenaf in place of Jute, it is ne-
ceseary, of course, to know first of all, what nutrient element or elements are being defi-
cient after these two crops have been cultivated. Unfortunately, one could ndt get an
andequate answer to this problem by merely indicatlng the chemical analyses of soil which
have been made before and after cultivation. It seems that there is a possibility of
knowing the extent of depletion of plant nutrients in a soil by analyzirg the. nutrient
element contents which plants have taken from the soil and those they have returned
to the soil by shedding the leaves during thesr growth. Pot data indicated in table 3 and 4,

Table 3. Comparison on the contents* of dry matter in plants and shedded leaves
(greenhouse condition)

: Dry matter content of : e
= Treatment Plant { Teaf Dblade T Teaf petiole ’ Who[e Teaf
gfpot gfpot . gfpot o glpot
| Jute Kenaf Jute Kenaf Jute Kenaf : Jute | - Kenaf
000. - | 475 585 | 48761 | -37180. | 09430 | 13324 5.8191 . 5.0504
1L | 800 36.0 6.8520 | 67780 | 15337 | 27050 8.080’5» 9.4830
a9 | 900 | 1025 | 84795 | 63165 | .18758 | 25150 | 10.3058 | 88315
333 - 90.0 1975 | "7.1538 | 6.0618 | 14585 | 29256 | . 8.6122.7.-8.9974
444 | 1050 | 1350 | 88026 | 107068 | 2.0578 | 42728 | 10.8604 | 1419790
- Mean | 825 10L8 | 7.22%0 l 6.7161 l 15738 | 2.5522 \ _'é.>7;9q51 \ ,;:9./46é3
t-test © 31618 , orats | 31635 | Lo

* Rach value represents average of two replicates.
** Showing -tke significance of difference. S .

may supply an information on this problem. Originally the author wIshed to find .out a
regression equation stating the relationship between the dry matter content of plant and
the shedded leaves in greenhouse conditon. As shown in table 3, the dry matter content
of the plant increased as the yield of the shedded leaves increased. The regression equation
for jute was found as follows: Y=0.08821x+1.5192, t =5.5477, in which Y:represents the
estimated dry matter content of shedded leaves, x the actual dry matter content of plant;
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and t; the test -of significance. This- equation: reveals that the amount of the shedded
leaves of jute may be estimated by this equation. However, due to the limited. amount
ot shedded leaves from the kenaf, because most of its leaves remained on the stem. after
the harvest, -the same- equation,wés: not obtaimed. From the t-test of the.differences be~
tween means of jute and those of kenaf shown at the bottom of table 3, it may ba found
that the dry matter content of plant and petiole in kenaf were much higher than those
in jute, while the difference in the dry matter content of whole leaf and of leaf blade
were insignificant between these two crops. The data of nitrogen :content in leaves of
these crops are shown in table 4. It indicates that in both jute and kenaf, the per cent

Table 4. Comparison on nitrogen content in different portions of leaf

] Per cent of mitrogen in
Treatinent Leaf blade Leaf petiole Whole leat
’ Jute Kenaf Jute Kenat Jute Kenaf
. % % - % % % %
000 1.08 118 | 059 0.43 0.99 1.06
11 119 1.18 058 | 050 108 0.91
o2 1.16 19 065 | 053 1.06 1.08
333 128 143 0.65 0.50 118 117
444 1% 135 0.70 0.56 115 111
Mesn 119 132 0.63 0.51 1.09 107
t-test 7.93%* 9.803+* 0.0433

* Bach value represents the average of two replicates,

**Showes significance of difference.
of nitrogen in leaf blade increased with the increasing rate of application. And the per
cent of nifrogen in petiole also showed an increasing tendency in jute but it remained
fairly constant in the case of kenaf. By comparing the t value at the bottom of the
same table, it may be known that by leaf blade, the nitrogen content of kenaf was much
higher than: that of jute, whereas, with- leaf petiole, the reverse occurred. With whole
leaf, however, there was no apparent difference. Thus these data lead us to adopt a
conclusion that the amount of nitrogen returned to the soil during the growth period
of these two crops related closely to the dry matter content of shedded leaves. Hsance
there is a possibility that nitrogen returned to a soil through the kenaf plant would be
much more than that from the jute, because kenaf, on average, will produce 1.4 times
dry matter yearly than jute (7) and there is a positive correlation between yield of
plant and amount of leaves. )

Besides, the author has noticed that the main root of kenaf was much longer and
its branch roots were stretched into subsoil, whereas the roots of jute were mainly re-
stricted in the surface soil. Thus it may be known that the nutrient elements of  jute
were mainly derived from the surface soil, whereas, in keaaf, from both surface and
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subsoil. This may be accounted as a reason why kenaf, having had a higher absorptive
. ability of nutrients, was capable of t‘lﬁving on a relatively poor soil. Consequently, it
would be naturaify that the plant food in surface soil would not be s0' r‘apxdly depleted
after the cultivation of kenaf as the case observed after the cultivation of jute.

Summary and Conclusion

Jute, Ho'oWa’elb'lue No.7 and kenaf, Madras red, were grown at the different rates

of fertilization and a study was made on the different behaviors in the uptake of nutri-
‘ent elements between them. Pot culture with the same treatments was also conducted so
as to collect the shedded leaves during growth and the nitrogen content in leaves be-
tween jute and kenaf was compared.

‘The dry matter content, both of jute and kenaf, increased significantly with. the
increasing rate of fertilization up to a certain level, beyond which, however, an increased
supply of fertilizers was unaccompanied by further striking increase in plant growth. The
optimum nutrient level is likely to be less for kenaf than for jute. i

Both in jute and kenaf, the percentage of nitrogen and potash increased almost con~
sistently with the increasing rate of fertilizers application. However, the degree of in~
crement was much more significant in the case of kenaf. Inerease in fertilization had
little effect on the percentage of phosphoric acid in jute, but the reduction in the per=
centage of phosphorus with the increase in fertilization was found in kenaf. By cbmparing
the average percentage of nitrogen, and potash between jute and kenaf, it was found that
jute was high in nitrogen and low in potash. The difference in the percentage of phos~
phoric acid between them were insignificant. A similar result as stated above was
ohbtained ia the amount of nutrient element taken by these two crops. ]

Though most of the correlation coefficients between individual nutrient element were
found positive, the significant correlation was found only between nitrogen and potash
in both jute and kenaf. This finding may emphasize the importance of applying balanced
nitrogenous and potash fertilizer for the growth of these two crops. Similar result was
obtained in partial correlation, but an exception was found on the negative value of the
partial correlation between nitrogen and phosphorus of kenaf. which indicates that the
response of the phosphatic fertilizer on the production of kenaf fiber is very small.

The relationship between the dry matter content of shedded leaves and that of plant
was studied in greenhouse condition and the amount of nutrient compositions of shedded
leaves returned to soil by jute and kenaf were determined and discussed. No apparent
difference in the nitrogen content of shedded leaves was found between jute and kenaf,
but there was a striking difference in root distribution throughout the soil profile.
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