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Corn Yield Response to
Phosphorus Fertilization in
the Southeastern Pampas

By Angel Berardo, Santiago Ehrt, Fernando D. Grattone, and
Fernando O. Garcia

Corn is a major crop in agricultural systems of the southern Pampas
of Argentina where soils are low in phosphorus (P) availability. This
research suggests a critical soil P level that can help define where
profitable responses to P application are obtainable.

The southeastern area of Buenos Aires province in the Argentinean
Pampas is characterized by its low soil P availability. Several studies
have quantified the effects of P fertilization on the production of pas-
tures (Arosteguy and Gardner, 1978; Berardo and Marino, 1993), as
well as grain crops, mainly wheat (Berardo, 1994). Previous research
has reported grain yield responses of 1,500 and 500 kg/ha for corn with
soil P levels (Bray P-1) of 6 to 7 and 15 to
16 mg/kg, respectively (Darwich, 1984;
Garcia et al., 1997). Further information is
needed because of the continuous changes
in crop management technologies, higher
grain yields, and the recent intensification
of row crop agriculture. This study evalu-
ated corn yield response to P fertilization in
soils of varying Bray P-1 levels generated
through previous P application.

Materials and Methods
Research was carried out during the 1997/98 and 1999/00 grow-  On soil with o Bray P-1

ing seasons at the Balcarce Experimental Unit of the National Institute level of 8 mg/kg, com

of Agricultural Technology (INTA) and the Faculty of Agricultural ferilized with P (af leff)

Sciences (UNMGAP). The soil was a typic Argiudoll with an organic  shows growth response

matter content of 5.8 percent and pH of 5.9. Treatments were set as a  compared fo the check

split-plot arrangement in a randomized complete block design with treatment af right without P.

three replications. Main treatments were soil P levels, varying from 5

to 26 mg/kg (Bray P-1). Sub treatments were P fertilization levels (check

and 22 kg P/ha). Phosphorus was applied at planting and was banded

below the seed as triple superphosphate (0-46-0). Urea was applied at

a rate of 120 kg N/ha at planting to avoid N shortages. Corn, cv. Dekalb
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Table 1. Soil water availability (SWA) af planting up to a depth of 1 m, monthly precipitation (MP), irrigation (1), and total available water
(TAW: SWA-+MP+-1) during the 1997/98 and 1999/00 growing seasons.
MP + (1)
Month SWA October ~ November ~ December Jonvary  February  March TAW
__________________________________ mm__________________________________
Dryland 97/98 68 88 109 86 124 50 24 569
Dryland 99/00 74 66 50 66 122 224 34 636
Irigated 99/00 74 66 50 66+(135) 122+(60) 224 34 831

639, was planted in the first week of October at a density of 70,000
seeds/ha in both seasons. Experiments were conducted under dryland
conditions in 1997/98, and under dryland conditions with supplemen-
tary irrigation in 1999/00. Soil water availability to a depth of 1 m
was determined at planting. Precipitation during the growing period is
shown in Table 1.

Results and Discussion

Dryland corn yields and yield responses to P fertilization were higher
in 1997/98 than in 1999/00 because of higher precipitation during critical
crop stages (pre-tasseling to silking) and lower temperatures during
early vegetative stages. Supplementary irrigation resulted in significantly
higher yields in 1999/00. Check grain yields increased with soil P levels
in both years. The following linear regressions between check yields
and soil P (Ps) levels were determined:

1997/98 - Dryland Yield=6,521+74 Ps r?=0.43
1999/00 - Dryland Yield=5,450+88 Ps r?=0.70
1999/00 - Irrigated Yield=7,614+195 Ps r2=0.82

Corn yield increased by 74 to 88 kg/ha per unit of Ps under dryland
conditions. The response was 2.2 to 2.6 times greater with supplemen-
tary irrigation. Yield response to P fertilization was dependent on Ps
levels and varied between 700 and 1,300 kg/ha in 1997/98 and 100 to
1,100 kg/ha and 450 to 2,400 kg/ha for dryland and irrigated treatments
in 1999/00, respectively. Corn yield response to P fertilization decreased
linearly as Ps levels increased according to the following regressions:

1997/98 - Dryland  Yield response=1,311-31 Ps r2=0.47
1999/00 - Dryland  Yield response=1,594-77 Ps r2=0.98
1999/00 - Irrigated ~ Yield response=3,347-151Ps  r2=0.97

Regressions for expected yield responses in all three experiments
allow estimation of critical Ps levels (Table 2). Data are also included
from 26 experimental field sites conducted between 1991 and 1997 in
the southeastern region (Garcia et al., 1997). The desired yield response
could be decided as a function of grain and fertilizer prices. Considering
Argentina prices of US$1.50/kg P and US$0.065/kg corn (as of October
2000, all discounts for commercialization included), an application of
22 kg P/ha, the rate used in these experiments, cost
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Table 2. Estimated soil P critical levels for different corn yield responses
found in three most recent experiments as well as in previ-
ously conducted research (Garcia et al., 1997).

) Yield  1997/98 1999/00 1999/00 Garcia et al.
apprO)'ﬂmately 510 kg corn/ha.' Thus, response ----Dryland----  Inigated  (1997)  Average
averaging results from all experimental |gpq ... Estimated soil P critical levels, mg/kg - - - - - -
data, P fertilization produced a profitable 3 33 17 20 2% 2
margin in SOilS testing less than 17 mg/kg 400 30 14 20 22 22
Bray P-1. 500 2 14 19 17 19

600 23 13 18 13 17
Conclusions 700 20 12 18 8 15

Corn yield and yield response to P
fertilization were highly related to soil P and water availability during
the growing season. Data from this study along with previous research
indicate corn P fertilization can result in profitable margins in soils test-
ing less than 17 mg/kg Bray P-1. BCI

Professor Berardo, Mr. Ehrt and Mr. Grattone are researchers with EEA INTA- Facultad
de Ciencias Agrarias Balcarce, C.C. 276 — (7620) Balcarce- Buenos Aires — Argentina;
e-mail: aberardo@balcarce.inta.gov.ar. Dr. Garcia is Regional Director, INPOFOS Southern
Cone, Av. Santa Fe 910, (B1641ABO) Acassuso, Argentina; e-mail: fgarcia@ppi-ppic.org.
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Contact PPI/PPIC/FAR on the Internet

ou can reach the Potash & Phosphate
Institute (PPI), Potash & Phosphate
Institute of Canada (PPIC), and the
Foundation for Agronomic Research (FAR)
on-line. Use www.ppi-ppic.org to visit the
PPI/PPIC website, or www.ppi-far.org to go
to the FAR website.
Both quantity and quality of informa-
tion now available in electronic form
continue to increase at PPI/PPIC/FAR, with

additions and improvements to both sites be-
ing made regularly. Current and previous
issues of Better Crops International, Better
Crops with Plant Food, and other publica-
tions are available as pdf files.

Each of the regions of North America
and globally where the Institute has agro-
nomic research and education programs
now has an individualized website acces-
sible from the central site.
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Effects of Phosphorus, Potassium,
Sulfur, and Magnesium on Sugar
Cane Yield and Quality in Yunnan

By Hong Lifang, Su Fan, Fu Libo, and Zhao Zongsheng

Nutrient depletion of sugar cane soils in Yunnan has limited the
area’s yield potential and profitability. This balanced fertilization study
examines the impact of applied nutrients and provides recommen-
dations that more closely match crop requirement.

Balanced fertilization
studies in Yunnan are
showing the importance of
K application as part of a
complete system for sugar
cane yield and quality.

Better Crops Infernational
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As a potassium (K)-loving plant, sugar cane
removes large quantities of the nutrient from the soil
every year. In the past, Yunnan’s farmers applied
only nitrogen (N) and phosphorus (P) fertilizer to
the crop. Thus, the K required for production came
from the soil, with K depletion resulting. The large
demand for soil K exceeded amounts supplied by
organic or inorganic fertilizers for quite some time.
Thus, production decreased in Yunnan.

Increasing sugar cane yield and sugar content
through the efficient use of fertilizer requires an un-
derstanding of the magnitude of the imbalance be-
tween plant nutrient supply and crop demand. To
this end, the Soil and Fertilizer Institute of the Yunnan
Academy of Agricultural Sciences studied balanced
fertilizer application in a PPI/PPIC-sponsored project.

Material and Methods

Field experiments were conducted on ratooned
sugar cane at three locations (Baoshan, Wenshan and
Mile) representing soil conditions of the three main sugar cane grow-
ing areas in Yunnan. Plant nutrient application was based on soil test
results. Plant nutrient sources were urea, diammonium phosphate (DAP),
muriate of potash (MOP), potassium-magnesium sulfate (SKMg), gyp-
sum (CaSO,), and magnesium chloride (MgCl,). Fertilizer application
rates for the eight treatments are presented in Table 1. All sulfur (S)
and Mg fertilizers were applied as basal applications. Phosphorus was
applied in two splits (70 percent at basal dressing and 30 percent at
seedling stage). Nitrogen and K were applied in five splits at basal
dressing, seedling, tillering, elongating, and peak elongating stages.




Table 1. Effect of balanced fertilization on sugar cane yield and profit, Yunnan province.

Treatment, kg/ha Baoshan Wenshan Mile
Rel? Net Rel? Net Rel? Net
Treat- Yield, vyield,  profit® | Yield, vyield,  profit® Yield, vield, profif}

ment| N PO KO S Mg |tha % Yuon/ha | t/ha %  Yuan/ha t/ha % Yuan/ha

1| 350 203 0 60 60 | 108 682 36,000 822 658 27,200 804 828 19,700
2 [ 350 203 225 60 60 | 149 945 56300 | 1150  91.8 40,200 853  87.8 123,400
3 |35 203 375 60 60 | 158 100.0 61,800 | 1250 100.0 47,800 97.1 1000 28,200
4 1350 203 525 60 60 | 167 1060 68,100 | 1200 968 47,100 |101.0 1040 28,900
5 135 135 375 60 60 | 133 845 50,900 950 760 34700 858  88.4 24,200
6
7
8
v

350 203 375 0 60 | 15 987 60,400 | 1160 927 42,800 936 964 26,300
350 203 375 60 0| 138 872 53900 | 1100 882 42,200 888 915 24,700
350 203 375 90 60 | 162 103.0 63,600 | 131.0 1040 51,000 968  99.7 27,400

Fvalue! Treatment 2.8* 8.9** 6.4**
Replication NS NS NS

'NS = Not significantly different, * = Significantly different at the 0.05 level; ** = Significantly different at the 0.01 level.

2 Relative yield compares each treatment against treatment 3, which was set at 100%.

3 Value: Sugar =3.2 Yuan/kg; SKMg =1.6 Yuan/kg; MgCl, =1.6 Yuan/kg; DAP =2.0 Yuan/kg; Urea =2.5 Yuan/kg; Gypsum =1.2 Yuan/kg
KCl = 2.0 Yuan/kg.

Treatment plot areas were 30 m?, with four replications. A randomized
complete block design was used. Sugar cane varieties and plant popu-
lations followed local practices.

Results
Effect of Balanced Fertilization on Yield of Sugar Cane

Data indicate significant treatment effect on yield with balanced
fertilizer use at all three locations in Yunnan (Table 1). Yield increased
as applied fertilizer amounts increased. Phosphorus, K, S, and Mg had
positive effects on yield. The effect on increasing yield was impressive
when P, K and Mg were added with N applied at the high fixed rate of
350 kg/ha.

Potassium application resulted in significant increases (P = 0.05) in
yield at all three sites. Some improvements in yield with P and Mg
application were significant (P = 0.10). The effect of S was neither
large nor statistically different from plots with no applied S at all three
sites.

The effect of K diminished with increased application above 375
kg K,O/ha only at the Wenshan site, indicating need for further study
with higher rates at the other locations. The experiment at Wenshan
showed a yield increase with rates between 225 to 375 kg K,O/ha. At
Baoshan and Mile, 525 kg K,O/ha still increased sugar cane yield. This
additional K rate was not profitable at Wenshan or Mile. However, at
Baoshan, it was considerably more profitable, indicating even higher
rates of K, O need testing in that region. It should be noted the effect of
K on sugar cane is not significant without S and Mg.

The P application (203 kg P,O /ha), higher than normally used
by farmers (105 to 135 kg/ha), produced a much greater and more
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+ Baoshan
= Wenshan

|| & Mie
A0 profitable yield increase at all three
m locations. Yield increases and profits
with the higher rate of P,O, for
Baoshan, Wenshan and Mile were 25 t/
, , , , , , ha and 10,900 Yuan/ha, 30 t/ha and
0 100 200 %0 40 50 60 | 13,100 Yuan/ha, and 11.3 t/ha and 4,030
;0 rates, ky/ha Yuan/ha, respectively.
The addition of 60 kg S/ha did not have
a statistically significant effect at any site.

However, addition of 60 kg Mg/ha had a marked effect at all three
locations. Yield increases and profits for Baoshan, Wenshan and Mile
were 20.0 t/ha and 7,900 Yuan/ha, 15.0 t/ha and 5,600 Yuan/ha, and 8.3
t/ha and 3,500 Yuan/ha, respectively. Results clearly demonstrate the
benefits of applying Mg to sugar cane in these three counties in Yunnan.

The main interest of this study was to evaluate K responses in sugar
cane. Different regression curves were developed for the three trials
(Figure 1). The relationship between K,O and sugar cane yield for the
three locations gave a positive correlation, with very high coefficients
reaching significant levels. The response curves are rising at the three
locations, but there is only a transition point on the curve for Wenshan,
indicating need to test higher K application rates at Baoshan and Mile.

o

=3

>
1

o~
>

~
=3

Yield, 1,000 kg/ha

=)
S

2=0.943

=~
>

Figure 1. The effect of
applied K on sugar cane
yield af the three locations.

Effects of P, K, S and Mg on Sugar Content

Data in Table 2 show the relationship among plant nutrient appli-
cation, percent sugar content, and total sugar production per hectare at
the three study sites.

Percent sugar content was most affected by applied K when other
plant nutrients were adequate, increasing 2.0, 1.8 and 1.7 percent at
Baoshan, Wenshan and Mile, respectively, when the highest sugar con-
tent with K, O application was compared to no K application.

Total yield of

Table 2. Effect of K rates on sugar confent and sugar yield with balanced fertilization, Yunnan province. sugar per hectare
is calculated by

Treatment, kg/ha Booshan Wenshan Mile multiplying sugar

Sugar Sugar Sugar Sugar | Sugar Sugar | cane yield by

PO, KO S Mg | content,  vyield | confent, vield, | confent, yield,

percent sugar con-
% i/ha % ha | % o | tent (Table 2).
03 0 60 60 | 119 128 130 107 156 126 | The trend in sugar
203 225 60 60 | 129 180 132 151 168 143
203 375 60 60 | 134 211 143 178 173 168
203 55 40 60 | 139 232 148 178 172 13 | L whare
135 375 60 60 | 132 177 141 140 72 W8 | Yd e
203 375 0 60 | 133 207 140 162 170 159 stood out as the
03 375 60 0 | 133 183 | 142 157 | 170 151 | most influential
203 375 90 60 | 134 218 145 189 171 166 | plantnutrient. But

production was
similar to sugar
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2 | « Baoshan
= Wenshan
a Mile 12=0997

| x—— 4

—

>

P, S and Mg all had some positive influ- - oo
ence, mainly due to their influence on sugar " :

cane yield. Variety can also be a signifi- 7%{20993
cant factor affecting sugar content.

Correlation studies were conducted 10 L 1 ! L I |
between percent sugar content and the ’ 00 n0 W S0 6
different rates of K fertilizer (Figure 2). DS L
Data indicated the effect of applied K on
sugar content was significant. The correlations were r?=0.997 at Mile, Figure 2. The effect of
0.941 at Wenshan, and 0.999 at Baoshan. Again, no downturn appeared  applied K on sugar confent
from the effect of K at Wenshan and Baoshan, indicating higher doses of  af the three locafions.

K need to be tested at these locations in the future.

Sugar content, %

Conclusions

Since the wide-scale adoption of balanced fertilization in Yunnan,
variable rate fertilizer application and site-specific management pro-
vide one of the greatest new challenges and opportunities for improv-
ing fertilizer use efficiency for higher, more profitable crop yields. The
assumption with balanced fertilization is that it will more closely match
productivity, input efficiency, and profitability if compared with tradi-
tional farmer application methods. These experiments show that sugar
cane yield, sugar content, and total sugar production per hectare can
be increased by application of P, K, and Mg. Among these plant nutri-
ents, K has the dominant effect. Both correlation coefficients for K and
sugar cane yield and K and sugar content were very high at the three
locations. However, at Baoshan and Mile, higher rates of all plant nu-
trients should be tested since response to the highest rate of K was still
positive and may have been even greater had some of the other nutri-
ents not been limiting to yield.

Considering that 60 percent of Yunnan’s sugar production area
harvests less than 45 t/ha, the trials presented herein demonstrate the
potential to increase provincial sugar output by using balanced fertili-
zation in an efficient and profitable manner. Until more precise data
are obtained, the optimum rates for high yields and profits are recom-
mended as N 375, P,0, 203, K,0O 375, and Mg 60 kg/ha. Results indi-
cate that these rates of plant nutrients will also produce higher sugar
content and, therefore, higher total sugar production. However, addi-
tional research is needed to refine these recommendations. BCI

Hong Lifang is a Ph.D. student in Huazhong Agricultural University, Wuhan. Su Fan, Fu
Libo, and Zhao Zongsheng are staff of the Soil and Fertilizer Institute of the Yunnan Academy
of Agricultural Sciences, Kunming.
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Sweet Potato Response

to Potassium

By Lu Jian-wei, Chen Fang , Xu You-sheng, Wan Yun-fan, and Liu

Dong-bi

Sweet potato is an important crop for the mountainous regions of
Hubei province and accounts for 3 percent of Hubei’s total culti-
vated area. Low soil fertility is presently restricting yields.

Table 1. Nutrient content of different sweet potato soils, Hubei province.
Organic
pH  matter  Availoble N, Available P Available K,
Sie (H,0) % ppm ppm ppm
1 7.2 2.6 120.0 8.1 79.5
2 - 2.2 125.0 15.0 90.0
3 6.0 - 49.0 6.7 140.0
4 5.7 1.7 82.6 202 39.0
5 73 2.2 109.0 134 45.0
b 8.0 0.7 350 31 55.0
Table 2. Yield and K-use efficiency responses to optimal K applications at nine
sites, Hubei province.
Yield, t/ha [ncrement K use efficiency,
Site K +K t/ha % kg yield/kg K,0
1 244 274 30 12.3 13.1
2 264 289 25 9.5 16.7
3 422 636 215 50.7 95.3
4 221 268 47 213 209
5 457 618 16.1 35.2 713
b 414 613 19.9 48.1 88.6
7 253 345 9.2 36.4 60.4
8 31 327 1.6 5.1 10.5
9 303 345 42 13.9 18.6
Average 321 413 9.2 28.7 439

Sweet potato yield and
quality showed strong
improvement with K fertilizer
application in Hubei studies. ~ [8&%

Better Crops International
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Average yields for sweet potato
in Hubei are low...about 135
t/ha...because of low soil fertility
(Table 1) and unbalanced fertiliza-
tion. Almost no potassium (K) is
traditionally applied except that
contained in organic manure. Field
trials and balanced fertilization
demonstrations were carried out in
the major sweet potato production
region to better understand the im-
portance of K fertilizer on crop
yield and quality.

Effect of Potassium on Sweet Potato
Yield

All nine field trials showed that
adequate K inputs greatly increased
sweet potato yields (Table 2). Yields
were increased by 1.6 to 21.5
t/ha (average 9.20 t/ha) with re-
sponses of 5.1 to 50.7 percent (aver-
age 28.7 percent). Yield response per
kg K,O was 10.5 to 95.3 kg (average
43.9 kg). Data also indicated the K
benefit was greater in high yielding
fields than in low yielding fields.
More nitrogen (N) and phosphorus
(P) were applied in the high yielding
fields, which lead to a larger imbal-
ance between K and N and P.



Table 3. Sweet potato yield response to K rates in different sites, Table 4. Effect of K rates on sweet potato quality, Hubei
Hubei province. province.
Site 1 Site 2 Site 3 Average weight of
KOrate, Yield, Relative,  Yield, Relative,  Yield, Relative, single sweet potato Starch content
i(g/ ha  tha % tha % tha % K 0 rate, Relafive, Relative,
0 225 100 610 100 380 100 i(g/ ha kg % Y% Y%
Hooo—  — 00 05— — 0 028 100 606 100
15 274 122 730 120 43 N7 75 031 1M _ _
225 262 117 780 128 463 172 150 032 114 635 105
300 275 122 80.0 131 480 126 295 035 125 65.2 107
300 033 118 64.5 106

Table 5. Effect of K sources on sweet potato yield and quality, Hubei province.
Flesh yield ~ Starch content  H,0 content  Starch yield

Treatment tha % % % t/ha %
K 221 100 613 60.1 541 100
KCl 284 128 62.0 597 7.08 131

K50, 258 116 62.4 591 659 122

1K +YK,S0, 268 119 — — — —
*K rate: 225 kg K.0/ha

Yield and Quality Response to Potash Application Rate

In three selected sites, yields increased with added K up to the
highest rate of 300 kg K,O/ha (Table 3). However, the best
economic response for site 1 was achieved with 150 kg K ,O/ha; at
site 2 with 225 kg K,O/ha; and, site 3 with 300 kg K,O/ha (Figure
1). Both average tuber weight and starch content, indicators of qual-
ity, increased with K rates up to an optimum of 225 kg K,O/ha

Figure 1. Sweet pofato
yield response fo K rafes,
Hubei province.

(Table 4).
Yield and Quality Response to "
Potassium Sources %0

Both potassium sulfate (K,SO,) and
potassium chloride (KCl) had positive 70
yield and quality effects on sweet po-

y = —0.002 + 0.107x -+ 61.486
i = 0.985

tato (Table 5). However, KCl was more | o 40 :2:12;
efficient, in terms of yield, than K,SO, | = Site 3
applied at the same rate. Starch con- |2 50

tent _of sweet potato tubers te'nded to 7= 6805 + 00504 + 37.96
be higher with K SO, than with KCL ] =100

However, total starch yield was higher
with KCI treatments due to the higher
fresh sweet potato yield. The southern

30

1 = —8F-05¢ + 0.037x + 22.65

. . 20 ] y
mountain area of Hubei has an annual = 0887
rainfall of more than 1,100 mm. As a 0]
result, soil profiles of this region com-
monly have chloride (Cl) contents 0 ; ; ; ; ; ; :
below 20 parts per million (ppm). 0 hoo B0 s 0 I 80 S)

Rate, kg K90/ha

(continued on bottom of page 12)
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PPI/PPIC Wuhan Office Moves to
Wuhan Institute of Botany

After three years of excellent cooperation from the
Hubei Academy of Agricultural Sciences (HAAS), the
PPI/PPIC Wuhan Office has moved to the Wuhan
Institute of Botany of the Chinese Academy of Sciences,
due to a personal decision of Dr. Fang Chen, PPI/PPIC
Deputy Director, Eastern China. PPI/PPIC wishes to thank
Dr. Liu Dingfu, President of HAAS, for the support he and

: a ; his Academy and staff provided to the PPI/PPIC
The PPI/PPIC office office over the past three years. PPI/PPIC looks forward to continuing
for Eastern China is  close cooperation with the HAAS Soil and Fertilizer Institute on soil
now located at the  and fertilizer-related research and educational activities.
Wuban Institute of " Effective April 2001, the PPI/PPIC Wuhan Office is now located in
Botany. P > u w . .
the Wuhan Institute of Botany, of the Chinese Academy of Sciences, in
Wuhan, Hubei province. Dr. Chen will continue with his responsibili-
ties of developing agronomic research and educational programs in the
provinces of Anhui, Hubei, Hunan, Jiangsu, and Zhejiang, and the city
of Shanghai. The new address is:
Dr. Fang Chen
PPI/PPIC Wuhan Office
Room 118, Laboratory Building
Wuhan Institute of Botany, Chinese Academy of Sciences
Moshan, Wuhan, 430074
P.R. of China
Telephone: 027-87510433. Fax: 027-87510409
Mobile phone: 13807169196
E-mail: fchen@ppi-ppic.org
Additional E-mail: fchenppi@public.wh.hb.cn BCI

Sweet Potato Response...(continued from page 11)
Conclusions

This study indicates that low soil fertility, especially low availability of soil K, in
sweet potato production areas in Hubei is presently restricting yields and lowering prof-
its. Sweet potato yield and quality respond strongly to K applications. The optimal K rate
in these areas varies from 150 to 300 kg K ,O/ha. Potassium sulfate application resulted in
the highest tuber starch content; however, KCl produced greater fresh weight and overall
starch yields. It was evident that more K should be used in fields with better soil fertility
and higher yield potential. BCI

Mr. Lu Jian-wei is Assistant Professor, Mr. Xu You-sheng is retired Professor, Mr. Wan Yun-fan and Mrs.Liu
Dong-bi are Researchers, Soil and Fertilizer Institute, Hubei Academy of Agricultural Sciences, Wuhan, China.
Dr. Chen Fang is Deputy Director, China Program, PP1/PPIC, Wuban.
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Effect of Sources and Rates of
Potassium Application on Potato
Yield and Economic Returns

By Shahid Umar and Moinuddin

Leaf potassium (K) content increased significantly with applied K
and showed positive correlation with tuber yield and negative corre-
lation with frost score. Yields obtained with muriate of potash (MIOP)
were comparable to those produced with sulfate of potash (SOP)
after balancing sulfur (S) using gypsum.

Potato is the most important food crop in the world after wheat,
rice and maize. In India, potato occupies 1.28 million ha producing
22.5 million tonnes, but the average yield (17.6 t/ha) is very low. Apart
from other factors, the main cause for poor yield is inadequate and
unbalanced use of fertilizers.

Potato is a heavy feeder of K, but application rates in India are
low. The crop commonly suffers from K deficiency leading to disease
and pest problems, frost damage, poor yield, and reduced quality.

Cultivar sensitivity to K deficiency varies greatly, and the resulting
yield loss is equally variable. This study was planned to evaluate the
effect of varying rates and K sources on yield, economics, and frost
damage in different potato cultivars.

Materials and Methods

The two-year experiment was conducted on a farm field near
Masoori in Uttar Pradesh in 1999 and 2000. Soil at the experimental
site was Gangetic alluvium with sandy loam texture, pH 7.8, electrical
conductivity (EC) 0.40 dS/m, organic carbon (C) 0.40 percent, avail-
able phosphorus (P) 6 parts per million (ppm), available K 75 ppm, and
available S 4 ppm [0.15 percent calcium chloride (CaCl,) extractable].
The experiment comprised 16 treatments including all combinations of
four potato cultivars (Kufri Chandramukhi, Kufri Jyoti, Kufri Bahar,
and Kufri Sindhuri), four levels of K (0, 60, 120, and 180 kg K,O/ha),

s T Potato crop without (left) and
with (right) K application, Uttar

Pradesh, India.
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Kufri Kufri Kufri Kufri
Chandramukhi Jyoti Bahar Sindhuri
35
£ % and two K sources, MOP and SOP.
T Equivalent quantities of S added with
> SOP were balanced in MOP treatments
§ 20 with gypsum (CaSO,) to avoid bias.
ﬂ Nitrogen (N) and P (as P,O,) were sup-
15 L~ MOP

0 120 0 120 0 120 0 120
60 180 60 180 60 180 60 180

Potassium (K2 0) applied, kg/ha

plied at 200 and 100 kg/ha, respec-
tively, using urea and diammonium
phosphate (DAP) as sources. Tuber
yields were recorded at maturity. As there was occurrence of frost 10
weeks after sowing, observations regarding intensity of frost were scored
and, simultaneously, leaf samples were collected and analyzed for K
content. Relationships of leaf K content with tuber yield and frost score
were calculated. Frost score was also correlated with tuber yield.

Figure 1. Yield response of
pofato culfivars o MOP,
MOP+S and SOP, Uttar
Pradesh, India.

Results and Discussion

Potato tuber yield increased significantly with applied K (MOP
alone) up to 120 kg K,O/ha (Figure 1). The magnitude of this response
differed according to cultivar as the percent increase in tuber yield was
highest in Kufri Chandramukhi (43 percent) followed by Kufri Bahar
and Kufri Jyoti (41 percent) and Kufri Sindhuri (26 percent).

Application of S (as gypsum) along with MOP enhanced tuber yield
significantly, regardless of cultivar. However, the magnitude of response
to applied S also differed according to cultivar. Application of 66 kg
S/ha produced the largest response with Kufri Sindhuri (3.05 t/ha), fol-
lowed by Kufri Jyoti (3.0 t/ha) and Kufri Chandramukhi (2.97 t/ha).
No S response was found with the Kufri

Table 1. Quadrafic equations predicting opfimum K,0 requirements for | Bahar cultivar. These observations give
different potato culfivars, Uttar Pradesh, India. clear indication of differential suscepti-
Optimum K0 rafe, | bility of cultivars to soil S deficiencies.
Potato cultivar Quadratic equation kg/ha A similar trend was recorded with SOP
MOP with respect to S supply. Sulfur defi-
Kufri Chandramukhi ~ 19.0540.117x-0.0004x? 143 ciency is an important problem in many
Kufri Jyoti 18.1740.097x-0.0003¢2 156 states and soils of India as nearly 130
Kufri Bahar 18.94+0.095x-0.0003¢ 144 districts are considered to be suffering
KUffi Sindhuri ]884+0065X-00002XZ 143 from Varying degrees Of S deficiency.
MOP + S Indications are that S deficiencies will
Kufri Chandramukhi ~ 19.134-0.109x-0.0003x? 173 become even more important in coming
Kufri Jyofi 18.38+0.124x-0.0004x 149 years. In such areas, balanced fertilizer
Kufri Bahor 19.04+-0.072¢-0.0002¢ 167 use will have to include S along with
(ofiiSindhuri~ 1879+0.097:00003¢ 153 NPK application (Anonymous, 2000).
SOP Optimum K rates were calculated by
Kufri Chandramukhi ~ 19.10+4-0.110x-0.0003* 162 fitting quadratic response equations with
KufrlJyotl 18.36-+0.108x-0.0003x 159 tuber yield. The optimum K rate for
Kufri Bahar 19.0040.074x-0.0002¢ 154 Kufri Jyoti was higher (156 kg K,O/ha)
Kofii Sindhuri~~~ 18.82+0.105%0.0003¢ 155 Y SIet 11D %E T
than other cultivars, in which the
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y =-1.4641x +28.371
r =0.852

Tuber yield, tha

optimum K rate varied within a narrow range of 0 5
143 to 144 kg K,O/ha (Table 1). Frost score

Net returns from MOP+S and SOP exceeded
US$300/ha (data not shown). Local markets, in-
cluding MOP, SOP and S (gypsum) prices and
product availability will determine which K
sources fit individual grower needs.

Leaf K content was highly correlated 3 25 . 45 5 55
(r=0.823) with tuber yield and frost score Leaf-K content, %
(r=0.981) on K- and S-deficient sites (Figure 2).
The frost score also exhibited a highly signifi-
cant correlation with tuber yield (r=0.852).
Therefore, K application increased leaf K con-
tent, induced frost resistance, and ultimately pro-
duced larger tuber yields. It is of interest to men-
tion that between the two K sources, the frost 25 25 5 55
score in the case of MOP was lower (more resis- Leaf-K content, %
tant to frost) than SOP. The high concentration
of both K and chloride (Cl) in leaves due to MOP application presum-  Figure 2. Relationships
ably would have lowered the freezing point of cell sap and thus helped  between leaf K content,
mitigate frost incidence. Our results agree with those of Grewal and  tuber yield and frost score
Singh (1980) who observed a significantly negative correlation between  of potato, Uttar Pradesh,
available soil K and frost damage to potato yield. India.

y =-3.1124x + 16.043

Frost score

o N B O

35

30

25
20

Tuber yield, t/ha

Conclusion

Such a large increase in tuber yield (26 to 43 percent) with applied
K clearly confirms that continuous cropping with insufficient K fertili-
zation in India has impoverished soils of their native K fertility. In-
creasing susceptibility to frost incidence in the northern plains of India
can be avoided by adequate K supply to soils. Thus, proper K applica-
tions would be essential and inevitable for obtaining maximum eco-
nomic yield of potato. BCI

Dr. Shabhid Umar is a lecturer in the Department of Botany at Jamia Hamdard, New Delbi,
India. Dr. Moinuddin is a Scientist at the Potash Research Institute of India, Gurgaon,
(Haryana), India.
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Potato Response to Potassium
Application in Volcanic Soils

By Juan Cérdova and Franklin Valverde

Volcanic soils are commonly mistaken as high potassium (K) soils
that provide little opportunity for crop response to K fertilizer. This
research, conducted in the highlands of Ecuador, shows K applica-
tion is capable of increasing total potato yield, improving quality,
and reducing the effects of water stress on successive crops.

Volcanic soils, classified as Andisols in the U.S. classification sys-
tem, cover an extensive area of the highlands of Ecuador, Colombia,
Panama, and Costa Rica. These areas support a high population den-
sity with growing food needs and which traditionally depend on potato
as a staple. Research into potato breeding and crop management has
improved the crop’s yield potential and increased its K demand. Fur-
ther research is needed to examine the effect of K on improved varieties
grown on volcanic soils in order to challenge the general belief that
economic K responses are not common in these areas.

Materials and Methods

Field experiments were established at two different sites in the heart
of potato country in the highlands of Ecuador. Tests were conducted
for three consecutive cycles of production in site 1 and two production
cycles in site 2. Site 1 was classified as Vitrand, a volcanic soil charac-
terized as having coarse volcanic glass and sandy loam texture. Site 2
was classified as Udand, a loamy textured volcanic soil dominated by
allophane and imogolite in its clay fraction. Both sites were cultivated
with potato, cv. Esperanza, a high yielding cultivar resistant to
Phytophthora. Two K rates, 60 and 120 kg K,O/ha, applied as potas-
sium chloride (KCl), were compared to a check at both sites.

Results and Discussion

Yield response to K application was consistent during the three
crop cycles at site 1. The response at site 2 was lower compared to site
1 (Table 1). After the final crop, soil K content was 0.19 cmol /kg in
the check plot at site 1 and was 0.36 cmol./kg at site 2. Soil K status
accounted for the difference in response to K application between the
two sites.

Critical levels will change with variations in soil type. The coarse
texture of the Vitrand soil is a key indicator of low cation exchange



Table 1. Potato yield response to K application in volcanic soils
of Ecuador.

Potato yield Soil K,

: . ) Krates, — -------- ha------- cmol, /kg'
capacity (CEC) and a poor ability to retain K kg K0/ha Yearl Year? Year3  Year3

for plant uptake, reflected in the low critical

level of 0.25 cmol_/kg at site 1. The finer tex- Vitrand

tured Udand soil had an inherently higher CEC, 0 18.6 34.2 438 0.19

thus a higher critical K level of 0.59 cmol /kg. 60 279 43 49 0.25
The generalized critical K level for potato 120 ¥3 47 510 0.26

grown on Andisols in Ecuador is 0.38 cmol / Udand

kg. Therefore, fertilizer reccommendations based 0 06 493 036

on this general value tend to ignore potential 60 277 431 059

responses in soils with higher critical levels such 120 250 513 0.60

as Udand soils. .
The effect of K on alleviating water stress it U

was clearly demonstrated by this research. Rain- |'Kextracted with modified Olsen solution

fall data indicate both sites had less than nor-

mal rainfall in years 1 and 2 (Table 1). The effect of — —

drought was reflected in lower yields at both sites when Table 2. Effect of K uppllgutlon |0n Tqber SI|Z ¢ "}

compared with year 3, which had normal amounts of [E?J;lézrglown 1 VOICOMIC 5015 0

rainfall. The effect of K application on tuber yield was : :

evident at both sites in dry years, but the effect was Crofes, —omeee POT%Z'eld _______

particularly interesting at site 1 in year 1. Investment in ;

K fertilizer was well rewarded with improved yield dur- kO >120g <i20g Tl

ing the drought. Of course, drought is difficult to fore- Vitrand

cast, but these data do show good K nutrition helps 0 220 21.8 438

protect farmers from drought stress. 60 325 154 479
The effect of K on tuber quality, measured as tuber 120 33.0 180 510

size, is presented in Table 2. Data indicate higher K Udand

rates consistently increased the yield of tubers weigh- 0 340 153 493

ing over 120 g while tubers weighing less than 120 g 40 38.8 43 431

decreased accordingly. Tuber size is a significant factor 120 400 13 513

at market and translates into price premiums for the

farmer.

Conclusion

The preconceived notion that crops grown on volcanic soil do not
respond to K application is false, particularly with high K-demanding
crops like potato. These data show a generalized critical K level for
volcanic soil of Ecuador is not a good reference for K recommenda-
tions, and site-specific characteristics need to be considered. Potassium’s
effect on helping potato cope with water stress was clearly demon-
strated in the highlands of Ecuador. BCI

Ing. Juan Cérdova and Ing. Franklin Valverde are with National Institute of Agronomic
Research (INIAP), Santa Catalina Experiment Station, Quito, Ecuador.
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Potato Variety Differences in
Nutrient Deficiency Symptoms and
Responses to NPK

By S.P. Trehan, S.K. Roy, and R.C. Sharma

Recent work by researchers in India provides understanding of the
subtle yet important differences in varietal expression of nutrient
deficiency as well as their variable response to applied nutrients.
Crop yield and quality implications for common potato varieties grown
in India are discussed.

The knowledge of nutrient deficiency symptoms is a prerequisite
for balanced plant nutrition. Experience shows that deficiency symp-
toms can vary with crop cultivar. Some cultivars exhibit strong symp-
toms under stress while others may not. Deficiency symptoms often
resemble symptoms of disease, which commonly results in misinterpre-
tation and confusion. Therefore, as a guide for nutrient management
for potato, field and pot experiments were conducted to document and
photograph the differences in nitrogen (N), phosphorus (P), and potas-
sium (K) deficiency symptoms in different cultivars grown in India.

Material and Methods

Field and pot experiments were conducted in 1999 and 2000 at the
Central Potato Research Station near Jalandhar, Punjab. The field ex-
periment included three potato cultivars (Kufri Jyoti, Kufri Jawahar,
and Kufri Sutlej) with varying rates of N, P and K. Deficiency symp-
toms were recorded in the field at 50, 70 and 80 days after planting. At
harvest, the treatment effect on potato tuber number and yield for dif-
ferent grades...large (>75 g), medium (27 to 75 g) and small
(<25 g)...was recorded. The pot experiment was conducted on three
cultivars (Kufri Chandramukhi, Kufri Badshah, and Kufri Jyoti) with
and without P application in a 1:1 soil/quartz sand mix. The pot ex-
periment was terminated at 45 days, then deficiency symptoms were
recorded.

Nutrient Deficiency Symptoms

Nitrogen: At 50 days, N deficiency affected overall plant growth,
and bare field ridges were clearly visible in all N-deficient plots. Shoots
of deficient plants were upright, thin and bore small, pale green and
yellowish leaves. Leaves of Kufri Jyoti and Sutlej cultivars were more




yellowish than Kufri Jawahar. Shoot and
leaf numbers were lowest in N-deficient
plants, and plant height was about half that
of plants that received N, P and K (Table
1). At 80 days, Kufri Jyoti plants died due
to induced senescence, but plants of other
cultivars were still green.

Phosphorus: At 50 days, P deficiency
created abnormal plant growth. However,
the spaces between field ridges were not as
visible as was observed in N-deficient plots.
The shoots were upright and thin, with
small, dark green, lusterless leaves. The
leaves of Kufri Jyoti showed upward curl-
ing, while other cultivars did not exhibit
curling. Plant height was reduced, but the
degree of stunting was less than N-deficient
plots. Further, the reduction in plant height
was smallest in Kufri Jawahar and largest
in Kufri Sutlej (Table 1). Phosphorus defi-
ciency reduced the number of shoots and
leaves in Kufri Jawahar, but not in Kufri
Sutlej and Kufri Jyoti. Kufri Jawahar did
not exhibit symptoms of leaf curling even
up to maturity. However, at 70 days, leaf

Table 1. Influence of N, P and K fertilizer on height, shoot and leaf
number per plant at 60 days after planting in different
pofato cultivars (mean of eight plants), Jalandhar, Punjab.

Potato cultivars
K. Sutlej K. Jawahar

Treatment' K. Jyoti Mean

Height per plant , cm
NPK 75.0 524 61.3 62.9
PK 41.0 248 283 314
N K 64.8 489 50.6 548
NP 63.0 49.8 56.9 56.6
Mean 60.9 440 493

Number of shoots per plant

NPK 3.8 53 4.1 44
PK 29 3.8 3.4 3.4
N K 3.9 44 4.1 4.1
NP 4.0 4.6 4.1 42

Mean 3.6 45 3.9

Number of leaves per plant

NPK 388 357 298 348

P K 250 185 154 196

N K 404 372 273 350

NP 422 293 340 352
Mean 366 302 266

(D (LSD) at 5% Height  No. of shoots  No. of leaves

Cultivar mean 2.8 0.6 34

Treatment mean 3.4 0.6 39

Cultivar x Treatment 5.7 1.1 67

"Rates of fertilizers were 240 kg N, 150 kg P,0, , and 180 kg K.0/ha

5/

curling intensified in Kufri Jyoti (Plate 1) and also appeared in Kufri

Sutlej (Plate 2).

Potassium: At 50 days, K deficiency reduced plant height to a de-

gree similar to that observed with P deficiency. However, a more se-
vere reduction in plant height was observed in Kufri Sutlej (Table 1).
Leaf color was commonly dark green with a bluish tinge. Potassium
deficiency reduced the number of shoots and leaves
in Kufri Jawahar alone. Leaf area was greatly re-
duced in Kufri Sutlej and Jyoti. The physical touch
of deficient leaves revealed a rough textured sur-
face. At 70 days, leaf color progressed from dark
green with bluish tinges to a bronzed color with
interveinal chlorosis. Leaf margins also showed
scorching (Plates 1, 2 and 3). Lower leaf surfaces
showed brown spotting, and the foliage often with-
ered and collapsed prematurely in Kufri Jyoti (Plate 1).

Tuber Yield and Plant Characteristics

Application of N, P and K increased tuber yield

Plate 1. Nutrient deficiency
at 70 days of plant growth
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Table 2. Influence of N, P-and K on yield and number of potato tubers in different cultivars, Jalandhar, Punjab.
Tuber yield, t/ha Tuber number, thousand/ha
Large? Medium? Small? Large? Medium? Small
Treatment’ (>75q) (25-75q) (<250) Total? (>75q) (25-75¢)  (<25q) Total?
K. Sutlej
NPK 30.6 (71) 113026 13 (3) 432 174 (40) 160 (36) 104 (24) 438
PK 7.8 (40) 11208 03 (2) 193 (45 59(19) 204 (65) 52(16) 315 (72)
N K 26.6 (76) 72(21) 11 (3) 349 (81) 161 (39) 157 (36) 111 (26) 429 (98)
NP 16.3 (54) 129(43) 08 (3) 300 (69) 111(2¢) 240 (55) 83(19) 434 (%9
K. Jowahar
NPK 21.3 (55) 119300 57 (15 389 80 (24) 219 (29) 344 (46) 743
PK 2.3 (14) 98 (59) 44 (27) 165 (42) 24 (4 213 (38) 320 (57) 557 (75)
N K 6.7 (24) 170 (1) 41 (15) 278 (1) 44 (7) 303 (46) 306 (47) 653 (88)
NP 6.6 (19) 249 (72) 29 (8 344 (88) 47 (9) 478 (57) 318 (38) 843 (113)
K. Jyofi
NPK 7.7 (26) 179 (60) 43 (14 299 57 (8) 323 (47) 306 (45) 686
PK 04 (4 6.1(66) 28 (30) 93 (31) 23 (5 152 (33) 289 (62) 464 (68)
N K 6.1 (25) 152 (63) 29 (12) 242 (81) 44 (9) 261 (53) 184 (38) 489 (/)
NP 42 (18) 147 (63) 44 (19) 233 (78) 33 (o) 297 (50) 258 (44) 588 (86)
"Rates of fertilizer were 240 kg N, 150 kg P,0,, and 180 kg K.0 per hectare
alues within parentheses represent the percent of category fofal
Nalues within parentheses represent the percent of NPK treatment

Plate 2. Nutrient
deficiency at 70 days of
plant growth of Kufri Sutlej

significantly. However the extent of the increase varied with crop vari-
ety (Table 2). Nitrogen increased tuber yield of Kufri Sutlej, Jawahar
and Jyoti by 23.9, 22.4 and 20.6 t/ha, respectively. The corresponding
increase due to P and K was 8.3, 11.1 and 5.7 t/ha and 13.2, 4.5 and
6.6 t/ha, respectively. Yield reduction due to N, P and K deficiency was
largest in Kufri Jyoti (69 percent), Jawahar (29 percent), and Sutlej (31
percent), respectively. Results also showed Kufri Sutlej and Jyoti were
more responsive to N and K while Kufri Jawahar was more responsive
to P. This differential responsiveness of potato varieties might be re-

potato.

lated to differences in plant height. Plant height was highest in Kufri
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Sutlej and lowest in Kufri Jawahar. Greater plant
heights resulted in fewer shoot numbers (Kufri
Sutlej and Jyoti) and subsequently resulted in larger
N and K responses. In contrast, shorter plants had
larger shoot numbers (Kufri Jawahar) and a larger
P response.

Tuber Size

The effect of N, P and K on the grade (qual-
ity) of tubers also varied among varieties tested
(Table 2). Nitrogen application increased yield of
all Kufri Sutlej and Jawahar tuber grades. In Kufri
Jyoti, N increased the yield of large and small sized
tubers but decreased the yield of medium sized



tubers. Potassium application consistently increased
the yield of large sized tubers across varieties, but
the effect on yield of medium sized tubers differed
with variety. In Kufri Sutlej and Jawahar, K de-
creased medium sized tuber yield but had the op-
posite effect with Kufri Jyoti.

Tuber Number ;
Kufri Jawahar produced the highest number of et A

tubers, followed by Kufri Jyoti and Sutlej (Table .;:R

2). Nitrogen increased tuber number and this in-

crease was most prominent with Kufri Jyoti followed by Kufri Jawahar Plafe 3. Nutrient deficiency

and Sutlej. Nitrogen also modified the number of tubers in each grade. at 70 days of plant growth of

In Kufri Sutlej, N increased the number of large and small sized tubers  Kufi Jawahar potato.

whereas, in Kufri Jawahar and Jyoti, it increased the number of all

grades. Phosphorus did not affect tuber numbers in Kufri Sutlej, but

the numbers did increase in Kufri Jawahar and Jyoti by 90,000 and

197,000, respectively. In Kufri Jyoti, the increase was more pronounced

in medium sized tubers. In Kufri Jawahar, it was more pronounced in

large sized tubers. Potassium had little effect on total number of tubers

in Kufri Sutlej but did decrease tuber numbers in Kufri Jawahar. Potas-

sium decreased the number of medium sized tubers in Kufri Sutlej and

Kufri Jawahar proving large sized tubers contributed most to the yield

increase in these two varieties. On the other hand, K increased the

number of all grades in Kufri Jyoti.

Conclusions

Differences in nutrient deficiency symptoms of potato varieties must
be kept in mind while assessing their respective nutrient needs. Nitro-
gen deficiency in potato consisted of yellowing of leaves and stunted
growth. Phosphorus deficiency symptoms varied with cultivar. Kufri
Jawahar did not exhibit P deficiency symptoms on its leaves, but had
less leaves and shoots. Kufri Jyoti and Sutlej showed upward curling of
leaves. Kufri Badshah and Chandramukhi also exhibited leaf curling as
well as reduced numbers of shoots and leaves. Potassium deficiency
was more acute in Kufri Jyoti and developed as a dark green coloration
on leaves. With time, a bluish tinge progressed to bronzing and scorch-
ing. Absence of N, P and K reduced tuber yield by 55 to 69, 19 to 29,
and 12 to 31 percent, respectively. Kufri Jawahar was most responsive

to P, whereas Kufri Sutlej and Jyoti were more responsive to both N
and K. BCI

Dr. S. P. Treban is Senior Scientist at CPRS, Jalandhar. Dr. S.K. Roy is Agronomist at
CPRS, Jalandhar, and Dr. R. C. Sharma is Head, Crop Production, CPRI, Shimla.
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Figure 1. Soil P
availability in the Pampas
of Argentina for 1980 and
1999... parts per million
(ppm). Source: N. Darwich
(1983) and N. Darwich
(personal communication,
2000).

Figure 2. Apparent
consumption of phosphate
fertilizers in Argentina
during the period 1991-
1999. Source: SENASA-
SAGPyA. (National Service of
Agricultural Health —
Secretary of Agriculture,
Livestock, Fisheries, and
Food).

Phosphorus Balance in the
Argentinean Pampas

By Fernando O. Garcia

Increased crop production and limited phosphorus (P) fertilizer use
have diminished soil P levels and created negative soil P balances in
the Argentinean Pampas. Maximum economic yields require adequate
soil P supply. Research has quantified the decline in soil available P
under low P replenishment management and is highlighting the ben-
efits of adequate fertilization programs.

Soil tests in the Pampas region of Argentina, the main grain pro-
ducing area of the country, show continual declines in soil P levels
(Figure 1). This decrease is attributed to increased crop production and

limited use of P fertiliz-

1980

ers. Low P replenishment
has not been overcome by
| the observed increase in
fertilizer consumption
during the 1990s (Figure
2).

An estimate of P re-
moval by harvested grain
for the four main grain

1 Area I: Low P availability (<10 ppm)
1 Area lI: Medium P availability (10-20 ppm) beans, corn, wheat and
== Area llI: Adequate P availability (>20 ppm) sunflower) is compared

crops of the Pampas (soy-

with actual P consump-

tion in Figure 3. Phosphorus consumption represented 43 to 56 percent
of the P removal by grain for the last three years. Levels of fertilizer use
by these crops would need to be approximately 1.2 million tonnes of
diammonium phosphate (DAP) to reach a zero balance (i.e., 100 percent
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replenishment).

At the farm level, P balance
between grain removal and fer-
tilizer application varies, de-
pending on the technical level of
the farmer, the crop, and prima-
rily, the price of grain. Table 1
shows P balances for typical
three-year rotations of northern



Figure 3. Estimated P

P removal
B (o B Wheat removal in grain and
B Soybeans O Sunflower P consumption apparent P congumpﬁgn in
' 0 7 m 248 250 the four main grain crops
Buenos Aires- | ., 200 of the Pampas in 1997,
southern Santa | £ 15 Ewy g e ¥ 1998 and 1999. Edracted
Fe and south- |g 10 g 10 from data of SENASA-SAGPyA
ern  Buenos . A and Project INTA Fertilizar,
Aires.  The ® For 198 1999 O g9 e 1999
losses of soil P
are 36 and 15 kg P/ha for the Figure 4. Grain yields of
northern and southern areas, B0 E]égﬁﬁ soybeans, wheat and com
respectively. 2 60 1— S at different levels of soil
Research carried out at | 2 @25 ppm Bray P-1 content atf
Balcarce (Buenos Aires Prov- | & ‘0 southeastern Buenos Aires
ince, southern Pampas) by 5 2000 { (Argentina). Adapted from
Angel Berardo and co-work- Berardo et al. (1999),
ers shows the effect of de- 0 . - Berardo ef al. (2000) and A.
oybeans Wheat Com

creasing soil P levels on grain
yields of corn, soybeans, and
seven-year continuous wheat

Berardo (personal
wheat (Figure 4). Residual P studies in a  communication, 2000).

sequence estimated an imbalance of nega-

tive 9 kg P/ha (difference between P removal in grain and P applied),
which resulted in an average annual decrease of 1 ppm soil Bray P-1
(Berardo and Grattone, 1998). Considering this rate of soil P loss, farm-
ers following Situation A in Table 1 are losing 4 ppm every three years,

and farmers following Situa-
tion B are losing 1.7 ppm P
every three years.

This research also
showed how decreasing soil
P levels (Figure 5) resulted in
steady declines in wheat yield
(Figure 6). In comparison to
the 22R treatment (annual
applications of 22 kg P/ha
during seven years of the
study), relative grain yields
for the 0 (control) and 88 kg
P/ha (applied in the first year
only) treatments decreased by
2.4 and 5.2 percent per year,
respectively.

Summary

Field research and ex-
perimentation have shown
the agronomic and economic
advantages of P fertilization

Table 1. Phosphorus balances for two typical three-year rotations of the northern Pampas
(A) and the southen Pampas (B).
A. Northern Pampas, Rotation Wheat/Soybeans-Corn-Soybeans
P grain
Yield, P uptake, P harvest removal, P applied’, Difference,
(rop t/ha kg P/tonne index kg P/ha kg Pha kg P/ha
Wheat 25 5 0.75 94 16
Soybeans Il 22 8 0.80 14.1
Com 8.0 4 0.75 240 16
Soybeans | 3.2 8 0.80 205
Total 61.9 R -35.9
B. Southern Pampas, Rotation Wheat-Corn-Soybeans
P grain
Yield, P uptake, P harvest removal, P applied, Difference,
(rop t/ha kg P/tonne index kg P/ha kg P/ha kg P/ha
Wheat 40 5 0.75 15 20
Com 8.0 4 0.75 24 20
Soybeans 25 8 0.80 16
Total 55 40 -15.0
'P applied was estimated at 80 kg/ha of DAP for wheat and com in the northern Pampas
and 100 kg/ha of DAP for wheat and com in the southen Pampas.
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Figure 5. Changes of soil Bray P-1 in five P
fertilization treatments in a seven-year sequence
of continuous wheat in the souther Pampos.
Treatment 0 is the control; 44 and 88 are
applications of 44 and 88 kg P/ha in the first
year; and 11R and 22R are annual applications of
11 and 22 kg P/ha. Balcarce (Buenos Aires).
Adapted from Berardo and Grattone (1998).

Without adequate
fertilizer application based
on soil festing, soil P levels
will drop and yields of
wheat and other crops will
decrease in the Pampas
region of Argentina.
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Figure 6. Relative wheat yields of three P
fertilization treatments in a seven-year sequence
of continuous wheat in the southern Pampas.
Treatment 0 is the control; 88 is one application
of 88 kg P/ha in the first year; and 22R is an
annual application of 22 kg P/ha. Balcarce
(Buenos Aires). Adapted from Berardo and Grattone
(1998).

under low soil P supply conditions. Sus-
tainable agriculture relies on the ad-
equate soil biological, physical and
chemical characteristics of a fertile
and long-term productive soil. Agri-
culture of the Pampas region will not
be an exception to this rule. As
agronomists and farmers, we should
address this problem with knowledge
and information continually devel-
oped through years of research and

experimentation. However, soil sampling is the first step to improving

soil P management. BCI

Dr. Garcia is Regional Director, INPOFOS Southern Cone, Av. Santa Fe 910,
(B1641ABO) Acassuso, Argentina; e-mail: fgarcia@ppi-ppic.org .
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Boosting Spice Production under
Coconut Gardens of Kerala:
Yield Maximization of Ginger
with Balanced Fertilization

By M. Meerabai, B.K. Jayachandran, K.R. Asha, and V. Geetha

Field experiments were undertaken for two years on ginger inter-
cropped under partial shade of coconut. A standardized, most prof-
itable nutrient recommendation is provided for this unique and highly
valuable cropping system. Results indicate ginger will respond to
higher fertilization levels than are usually recommended.

India is the land of spices, and ginger is one of the important spices
grown in the country for export. It is currently cultivated on 70,900
ha, producing 283,000 tonnes of dry ginger, or 3.99 t/ha. World de-
mand is expected to rise by 30 to 40 percent during the coming five
years. Present estimates indicate India will need
to double production in order to meet growing
demands of internal as well as export markets.

Kerala state accounts for more than 50 per-
cent of India’s 1.9 million ha under coconut.
As such, coconut palm actually utilizes only 25
percent of the land area. Hence, there is ample
opportunity for the remaining shaded area of
coconut gardens to grow intercrops such as gin-
ger and turmeric, which are shade loving/toler-
ant and highly profitable. There is a need to
develop fertilization and cultural practices that
are agronomically sound and economically vi-
able.

Saraswat (1972) reported the yield benefits
in ginger from nitrogen (N), phosphorus (P),
and potassium (K) under open field conditions.
Kerala Agricultural University (KAU) has also
formulated recommendations based on trials conducted in open field
conditions (KAU, 1996). However, the nutrient requirement of ginger
under artificial shade was found to be higher. Preliminary studies con-
ducted under open and shaded situations at Vellayani, Kerala, indi-
cated a significant difference in nutritional requirement. Thus, the

Ginger cultivation under
coconut gardens is highly
profitable when grown with
udequate nutrients.
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present study was planned to standardize the nutritional requirement
of ginger in coconut gardens. Existing state fertilizer recommendations
are 75-50-50 kg N-P,0-K,O/ha.

Field experiments were conducted at Vellayani during 1998-2000.
The experimental site was lateritic, sandy clay loam in texture, pH 5.0,
low in available N, K, boron (B), and below optimum in available P
and sulfur (S). The experiment was conducted in randomized block
design with 14 treatments and three replications. Treatments were based
on initial soil test values as well as soil requirements based on sorption/
fixation studies. Treatments consisted of selected combinations from
four levels of N (50, 100, 150, 200 kg N/ha), P (0, 25, 50, 75 kg
P,0 /ha) and K (0, 50, 100, 150 kg K,O/ha). Blanket applications of
15 kg S/ha and 2 kg B/ha were also provided. Experimental treatments
were compared with state fertilizer recommendations and a control.
Nutrients were supplied from urea, mussoriephos (local rock phosphate),
muriate of potash, elemental S, and borax. The full rates of P and
micronutrients and half rates of N and K were supplied basally. The
remaining N and K were applied 120 days after planting. Recommended
cultural practices were adopted uniformly for all treatments (KAU,
1996).

Results

Two years of study indicated incremental rates of N applied with
50 kg P,O, and 100 kg K,O/ha increased (3.80 t/ha) fresh rhizome
yield of ginger (Table 1). Similarly, higher yields were found with in-
creased P application together with 150 kg N and 100 kg
K,O/ha. Lastly, varying K application rates together with 150 kg N

and 50 kg P,O /ha also provided

Table 1. Selected responses of NPK on fresh thizome yield of ginger, Kerala, India. steady yield gains. Treatments
Rate,  Fixed rates’, Fresh thizome yield, t/ha with neither P nor K clearly
Nutrient  kg/ha kg/ha 1998-99  1999-2000  Average were visibly affected in terms of
N 50 134 By 137 yield loss. ,
100 P0,(50) 14.6 167 157 This study emphasized
150 K.0(100) 15.4 16.6 16.0 yields can be increased with up
200 16.9 18.1 175 to 150 kg N/ha when P and K
) 0 130 165 148 are also applied in balanced
e 25 N (150) 159 171 165 quantities (Table 2). In other
5 K0(100) 154 16.6 16.0 words, P,O; and K,O applica-
75 16.5 178 172 tions (up to S0 and 100 kg/ha,
) 0 140 165 153 respectively) improved yield
Z 5 N(150) 148 173 160 when applied along with N.
100 P0,(50) 15.4 16.6 16.0 Over two years, the combined
150 174 193 184 application of 150-50-150-15-2
- kg N-P O.-K,O-S-B/ha pro-
1 b 275 2
Blanket applications to all treatments: 15 kg S/ha, 2 kg B/ha duced ‘the highest fresh
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Table 2. Effect of selected application rates on fresh rhizome yield of ginger,
Kerala, India.

. . Average fresh ~ Net  Benefit:
rhizome yield of 18.4 t/ha, thizome yield,  returns, cost

which was 22 percent higher |Treatments N PO, KO S t/ha Rs/ha  ratio

B
than the average yield (15.1 ™7pm™5050 500 o 151 110000 209
t/ha) obtained with state fertil- 12 100 50 100 15 2 157 ”]'000 2.0?
2
2

izer recommendation. 1315 50 100 15 160 116000 206

In terms of economics, 7 150 75 100 15 172 131,000 2.20
after deducting costs of all in- | TI0 150 50 150 15 2 184 148,000  2.35
puts and other cultural prac-
tices, a farmer adopting this
production practice could get net returns of 148,000 Rupees per hect-
are (Rs./ha...US$3,290) compared to 110,000 Rs./ha (US$2,460) with
the state fertilizer recommendation (Table 2). Of course, this income is
over and above the income obtained from coconuts harvested from the
same piece of land. This cash infusion would be extremely valuable to
farmers. Extension specialists and policy makers should be aware of
the economic advantage for large-scale adoption of the practice.

! State recommended fertilizer application rates

Conclusions

Based on this study, it can be inferred that ginger, when inter-
cropped in coconut gardens, requires nutrients applied at 150-50-150-
15-2 kg N-P,0-K,0-S-B/ha for maximum economic yield. In view of
the fact that this practice is agronomically sound and economically
viable, the state fertilizer NPK recommendations need upward revi-
sion. This study also emphasizes the importance of S and B in fertilizer
schedules. Further studies are needed to determine whether higher yields
are achievable by modifying current fertilizer recommendations under
open field conditions. BCI

M. Meerabai and B.K. Jayachandran are Associate Professors; K.R. Asha and V. Geetha
are Research Associates in the College of Agriculture, Kerala Agricultural University,
Vellayani, Thiruvananthapuram, Kerala.
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Identifying Fruit Mineral Removal
Differences in Four
Avocado Cultivars

By Samuel Salazar-Garcia and Ignacio Lazcano-Ferrat

The goal of this research was identification of proper fertilization
management strategies for sustained production of high quality fruit
for dominant commercial avocado in Mexico by assessing nutrient
removal by four major avocado cultivars.

Mexico is an important avocado producer, with close to half of the
world’s production. Commercial avocado producers are concentrated
in the states of Michoacan and Nayarit (Téliz-Ortiz et al., 2000). With
an area of more than 95,000 ha and a production of over 800,000 t of
fruit per year, the Mexican avocado industry provides a direct source
of income to more than 61,000 families. It is estimated that new
plantations and technology will increase Mexico’s production to over
1 M t/yr by 2005. With an internal market value estimated at over
US$1 billion, the avocado industry will play an important role in the
regional economy.

For many years, profitability of avocado production was measured
in terms of total fruit yield per tree or hectare. However, this param-
eter has lost importance due to market globalization. Currently, har-
vest time, size, and fruit quality (external and internal) are considered
the main factors for successful avocado marketing. To determine the
proper fertilization management that sustains fruit production of the
size and quality required, it is necessary to have information on nutri-
ent removal for each commercial avocado variety grown in the region.

Traditionally, little fertilizer has been used, based on the belief
that the avocado tree is adapted to medium and low fertility soils.
Given the fruit’s high oil content (up to 20 percent), high yield avocado
production requires an adequate supply of nutrients, especially potas-
sium (K). Owners of old orchards argue that it was common, 30 to 40
years ago, to get 20 t/ha yields without fertilization, but today it is
almost impossible because native soil fertility levels have declined sig-
nificantly.

Average yields for avocado orchards in Mexico now range from 4
to 10 t/ha/yr. In most orchards, fertilization rates range from 0 to 100
kg/ha of nitrogen (N) and from 0 to 115 kg/ha for P,O, and K,O.
Growing evidence indicates scientifically managed orchards may
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easily produce yields greater than 25 t/ha/yr, minimizing the alternate
bearing problem (when trees or orchards bear a high yield...“on” crop
year...followed by a low yield...“off” crop year). Despite improvements
in orchard management, no local information is available on crop nu-
trient export in commercial avocado orchards. This study, which as-
sessed mineral nutrient removal by fruit of four major avocado culti-
vars, will give growers important information regarding improved fer-
tilization and will help create rational nutrition management plans for
avocado orchards under rain-fed conditions.

Materials and Methods

Four avocado cultivars, Booth-8, Choquette, Hall, and Hass, were
grown in commercial orchards. Booth-8, Choquette and Hall avocado
orchards were located at 700 meters above sea level (masl). The Hass
avocado orchard was at 950 masl. Soils in all four sites were typical of
most avocado orchards and were well suited to each cultivar. Sites
were located at Tepic, Nayarit, on sandy loam soils with cation ex-
change capacity (CEC) values between 5.2 and 9.2 cmol /kg, pH val-
ues from 5.0 to 5.8, 4 to 15 parts per million (ppm) Bray P-1, 222 to
1,000 ppm exchangeable K, 2.9 to 4.0 percent organic matter, and low
to mid levels of micronutrients at all sites. All avocado tree manage-
ment followed traditional fertilization practices used by cooperators
without irrigation. Each tree received 6 kg 17-17-17 (N-P,0.-K,0) in
two applications, one at the beginning of the rainy season (June to
July) and another at mid-growth. No foliar applications of micronutri-
ents were provided despite apparent zinc (Zn) deficiency symptoms,
mostly in the Hass orchard. Five physiologically ripe, average size avo-
cado fruit were harvested from each of 20 trees. These were analyzed
for mineral nutrient content, various quality traits, and yield compo-
nents, including epidermis, pulp, seed coat, and cotyledons plus em-
bryo. Each fruit part was weighed fresh and dried. Chemical analyses
were performed using standard methods approved by the Mexican Soil
Science Society. Nutrient removal was calculated as the amount of each
nutrient in dry matter. Calculations based on dry and fresh fruit weight
are reported.

Results and Discussion

Fresh fruit weight is a common parameter to estimate yield and
profitability of an avocado orchard. However, this does not mean that
bigger fruit or an abundant harvest of big fruit will extract more nutri-
ents from the soil. Information on the difference in fruit fresh weight
among avocado cultivars is provided in Figure 1. Hass avocado (239
g/fruit) could be considered a small fruit compared to Booth-8, Hall
and Choquette.

Dry matter content showed a different pattern than fresh fruit weight
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Figure 1. Average fruit

fresh weight of four

avocado cultiva

IS.

such as Hass.

(Figure 2). Hass fruit had the highest dry
matter content (23.2 percent) compared to
other cultivars. This study showed that
fruit size was not directly related to total
nutrient removal. There were significant
nutrient removal differences among culti-
vars. Nutrient removal was much higher
for smaller, higher dry matter content fruit,

Dry matter is composed of carbon and other nutrients accumu-
lated during fruit growth and development. Nutrients are also used in
protein and oil synthesis, both found in high amounts in the Hass cul-

30

DM content, %

16.]
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192 191

(hoquette

Booh Hoss Hall

Figure 2. Average percent
dry matter content per fruit.

Figure 3.
Nitrogen,
phosphorus
(P,0,) and
potassium (K. 0)
removal in 20 1
of avocado frut.

tivar fruit. Therefore, it is expected that
fruit with high dry matter and oil content
will require more nutrients.

Despite many cases of higher yields in
Mexico, energy costs have established the
yield potential for Hass avocado at 32.5 t/
ha (Wolstenholme, 1986). In this study,
calculations of nutrient removal were
based on a fresh fruit yield of 20 t/ha. It is
important to mention that for Choquette
orchards (with 100 trees/ha) yields may go
over 60 t/ha. Thus, nutrient removal might

be greater when these yield potentials are included. However, no re-
search has been done to determine fruit nutrient content for record
yields in this cultivar.

In this study, the amount of N, phosphorus (P) and potassium (K)
removed by a crop of Hass avocado was highest (Figure 3). A crop of
20 t/ha removed 52, 21 and 94 kg of N, P,O, and K,O, respectively.
Potassium removal by Hass avocado fruit was 70, 77 and 39 percent
higher than Choquette, Hall and Booth-8, respectively.

= 100
Z 8
o
g 60
£ 40
= 0]
= 0
Choquette Hall Booth-8
oNitrogen 515 30.2 291 36.9
m Phosphorus 206 138 100 1.6
o Potassium 93.8 60.5 59.2 543
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Table 1. Nutrient removal according to fresh fruit production of several avocado culfivars grown without
inigation in Nayarit, Mexico.

Nutrient removal

Export of magne- Grams per 100 kg of fresh fruit kg per 20 t of fresh fruit
sium (Mg), sulfur (S), | Nutrient ~ Hoss ~ Choguette Hall  Booth-8  Hass  Choguette Hall  Booth-8

Zn, boron (B), and N 2570 1510 1450 1850 515 301 291 369
molybdenum (Mo)by | PO, 1030 692 499 82 206 130 100 116
fruit was highestwith | K0 4690 3020 2960 2710 938 605 592 543
Hass avocado (Table | (@ 8.4 87 65 104 17 17 13 2]
1). Nutrient removal | Mg 295 163 165 223 59 33 33 45

S 345 192 184 26 69 38 37 45
a 120 73 02 74 24 15 004 15
o e 0.6 10 04 07 012 02 008 014
were sumtiat; how Q' 0.2 01 02 02 004 002 004 004
ever, Hall showed a |y ¢ 01 001 007 002 002 0002 0014
lower removal for | 7, 04 03 03 02 008 006 006 004
several nutrients B 0.4 02 02 03 008 004 004 006
when compared to | M 002 001 001 001 0004 0002 0002 0002
either Choquette or Na' 1.0 0.6 08 1.0 0.2 012 016 02
Booth-8 (Table 1). Al 03 03 02 04 006 006 004 008

by Choquette, Booth-
8 and Hall avocados

'Ca= calcium; Cl=chloride; Fe=iron; Cu= copper; Mn=manganese; Na =sodium; Al=aluminum.

Conclusions

These results show that it is reasonable to expect significant differ-
ences in nutrient removal among avocado cultivars. Growers should
pay attention to each cultivar’s yield potential and its fruit’s total nu-
trient removal, by insuring sufficient N and K to achieve optimal growth
and quality. Soil P, Mg and S should be in the sufficient range prior to
planting, micronutrient status should be monitored, and foliar applica-
tions made if necessary.

Balanced fertilization programs that are cultivar-specific are essen-
tial for improving fruit yield and quality. A rational avocado fertiliza-
tion program must include analyses of fruit nutrient content along with
soil and leaf nutrient content to better estimate fertilizer application
requirements. BCI

Dr. Salazar-Garcia is a Tropical Fruit Crops Researcher at the INIFAP-Campo
Experimental Santiago Ixcuintla, Apdo. Postal 100, Santiago Ixcuintla, Mexico; e-
mail: ssalazar@tepic.edi.com.mx. Dr. Lazcano-Ferrat is Director, PPI-PPIC Mexico
and Northern Central America Program, Querétaro, Qro, Mexico; e-mail: lazcano@ppi-
ppic.org.
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Agricultural Research and Education —
a Noble and Practical Endeavour

Looking at the PPI/PPIC logo, one can begin to understand our
purpose: to encourage, focus and support phosphorus (P) and potas-
sium (K) research, and to facilitate, through education, the use, integra-
tion and application of science-based evidence into knowledge and new
technologies farmers can use.

I recently spoke to a university faculty and graduate student audi-
ence on the subject: Why are we in Agricultural Research and Educa-
tion? Considering all those cooperators and colleagues I have had the
good fortune to work with over many years, my deliberations revealed
some very interesting traits about us; characteristics which I think help
to define us and our careers, as well as our profession.

Agriculture’s researchers and educators are psychologically instilled
with a noble spirit. Our disciplines address one of mankind’s funda-
mental needs — food and fiber, and we take this challenge seriously.
Agriculture is the foundation on which societies are built. U.S. President
Franklin Delano Roosevelt, when viewing the devastation of drought in
the 1930s...America’s dust bowl era...spoke to this point when he said:
“The Nation that destroys its soil, destroys itself.” Because our work
benefits the lives of others, we ennoble ourselves as well as our effort.

The practical nature of agricultural researchers and educators
emerges from that noble spirit. By determining how to produce food
and fiber efficiently—that is, understanding the soils we plant to crops;
the requirements of plants and how to feed and protect them; and the
use of scarce inputs (water, fertilizers, etc.)—we produce food in a cost-
efficient manner. That is how this basic industry generates wealth.

Noble effort is required to understand how to exploit, while at the
same time to protect the soil, water, air, and genetics, as well as the
intellectual capital we individually and collectively possess, to create
the wealth that builds nations.

The last noble and practical act we commit is to freely pass knowl-
edge and capability on to others. We teach and train, and in doing so,
we enable others to improve their standard of living because they now
have a greater understanding of how to effectively harness inputs for
efficient food and fiber production.

On behalf of PPI/PPIC, I want to thank all our cooperating and
collaborating colleagues in agricultural research and education for your
noble, practical and good character.

K

Dr. Mark D. Stauffer
Senior Vice President,
International Programs, PPI
and President, PPIC



