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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.



