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Abstract

Twelve genotypes of pearl millet (Pennisetum glawcum (L) R.Br. comprising of hybrids, composites,
varicties, and landraces were ‘evaluated for N, P, and K uptake, efficiency of grain production per unit
of N, P, and K absorbed and their efficiency of transfer from vegetative parts to the grain. The
genotypes were grown on Alfisols in two ficlds at the ICRISAT Centre with two N and P levels in a
rainy scason (20kgN+9kgPha ' and 80kgN + 18kgPha ').

Genotypes varied significantly for total dry matter, grain yicld, and for uptake, use cfficiency and
translocation indices of N, P, and K. Genotype x fertility interactions were not observed for all
parameters studied, except for grain yield, indicating that genotypes could be evaluated for N, P, and K
use efficiency and translocation indices at different soil fertility levels. Hybrid MBH 110 showed the
highest use cfficiency for N, P, and K with a maximum harvest index. and it was followed by two other
hybrids amongst the genotypes tested. Genotypes (composites, and a landrace) which showed lower use
efficiency and translocation indices for N, P, and K also had lower grain yiclds than the hybrids tested.
Positive relationships were found between harvest index and phosphorus use efficiency, and N, and P
translocation indices. Thus, a future challenge lies in selecting lines with high N, P, and K use efficiency
and translocation indices.

Introduction the efficicncy of mincral nutrition of plants has

received increased attention  (Devine. 1982,
Pearl millct is an important rainfed cereal crop Gabelman and  Loughman, 1987, Sari¢ and
grown on marginal soils in the semi-arid tropics. Loughman, 1983). The differential response of
Most of it is grown with little or without fertilizer pearl millet genotypes to applicd N (ICRISAT,
applied. Nitrogen is usually the nutrient limiting 1988; Kanwar et al., 1973; Murty, 1967) suggests

crop production and its poor recovery by crops, that differences in nutrient uptake and transloca-
when applied as fertilizer, is of worldwide con- tion to the grains exist in pearl millet genotypes.
cern. With steadily increasing prices of fertiliz- Nutritional differences in genotypes have rarely
ers, it becomes important to produce maximum been related to final economic yield. Increased
pearl millet grain yields per unit of fertilizer and efficient production of pearl millet may be
applicd. In recent years, crop improvement re- charcterised as functions of increased uptake and

search specifically dirccted towards increasing accumulation of nutrients by the plant, increascd

production of dry matter per unit of nutrient
* Submitted as CP # 522 by the International Crops Re- as'smllatcd, and mcrclascd translocation of l‘!u-
search Institute for the Semi-Arid Tropics (ICRISAT). trients from vegetative parts to the grain.
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Genotypes differences with respect to N, P, K
and other nutrients for the abovementioned
traits have been reported in sorghum (Secth-
arama et al., 1987). This paper deals with differ-
ences among a sct of 12 pearl millet genotypes
grown at two levels of applicd N and P fertility.
The genotypes were compared for the extent of
variation in the abovementioned traits and for
the relationships between grain yield and some
of these traits.

Materials and methods
Experimental details

Twelve pearl millet genotypes selected for this
study consisted of three hybrids (BJ 104, MBH
110, and ICMH 451) released for commercial
cultivation in India, five composites (MC-C8, D2
C6, ERC-Co, EC-C6 and IVC-C7) made at
ICRISAT, one composite (RCB 2) released for
cultivation in Rajasthan, India, a synthetic (Gam
73) from Sencgal, and Local landraces from
India (Rajasthan Locals 1 and 2). The experi-
ment was conducted in two ficlds (locations)
(Table 1) during the rainy season on Alfisols at
ICRISAT Center, Patancheru, India (17°36'N,
78°16'E, 545 m altitude).

Both experiments were conducted in a split-
plot design with two N fertility levels as main
plots and pearl millet genotypes as sub-plots.

Table 1. Details of Alfisols at ICRISAT Center, 1987 rainy
season, and of ticld experiments

Properties Location | Location 11
Soil pH 6.60 7.00
EC (M mhoscm ') 0.19 0.24
Organic carbon KX l] 330
(gke ")
Available P 14.7 14.3
(mgkg ")
NO,-N+NH, N 19 2000
(mgke ')
Total N 410 410
(mg kg ") ‘
Gross plot arca (m”) 4.5 24
Hatvest area (m’) 36 13.5
Date of sowing 17 June *87 16 June ‘87
Date of irrigation - 22 July and

4 August '87

Each trcatment was replicated four times. For
the 20kgNha ' trcatment 20kgNha ' as urca
and 9kgPha ' as single super-phosphate were
applied as basal dressings. For the 80 kg N ha '
trcatment a basal dose of 40kgNha ' and
I18kgPha ' was applicd. The remaining N was
applicd. The remaining N was applied as urca
after thinning (20 DAS). The crop was machine
sown on ridges spaced 0.75 m apart. and plant-
to-plant spacing of (.1 m wus maintained by
thinning the plants 12 DAS. Weeding and inter-
row cultivations were carried out as and when
required.

At harvest, the above-ground plant parts were
harvested. The panicles were separated  and
threshed. Fresh stover yield was recorded and
10-kg subsamples of stover were collected and
chopped. The subsampled stover biomass and
the grains were dried at 70°C for 72 h and their
dry mass recorded. N and P in ground grains and
in stover were determined with the use of a
Technicon Autoanalyser, and K was determined
using atomic absorption spectrophotometry
(Jackson, 1973).

Characterstics used to compare genotypes

The traits used to characterise the genotypes
were i) total dry matter production (grain plus
stover), ii) harvest index [HI: (grain mass/total
dry matter mass x 100). iii) N, P and K contents
of grain and stover (dry mass multiplicd by
concentrations in the respective parts), iv) total
N, P, and K in plants (contents in grains +
contents in stover), v) N, P, and K use efficiency
(NUE, PUE and KUE: grain mass produced per
unit of N, P, and K in total dry matter), vi) N, P,
and K translocation indices (NTI, PTI and KTIL:
N, P, and K contents in grains divided by N, P,
and K contents in total dry matter X 100).

Results

Grain and total dry matter yield, and total N, P,
and K uptake

Mean grain and total dry matter yields of pear!
millet across the genotypes and locations in-
creased significantly to 3.10tha™' and 7.90 t ha ™'
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Fig 1 a Relatonship between total dry matter yield
(kgha ') and gran yield (kgha ') of pearl millet genotypes.
y=84+ 0380 ¥ (R°=067"", df = 190) b Relationship be-
tween gram yield (kgha ') and harvest index (HI %) of
pearl millet genotypes y=4724 60 10 ¥ (R” = 0.28°°, df =
190) ¢ Relationship between phosphorus use efficiency
(PUE) and harvest index (HI) of pearl milet genotypes.
y=864+0162x (R =048, df=190). d. Relationship
between harvest index (HI) and mtrogen translocation index
(NTI) of pearl millet genotypes. y=1.41+0.589 x (R* =
()44*, df = 190) e Relationship between harvest index (HI)
and phosphorus translocation index (PTI) of pearl millet
genotypes y =786+ 0.478 x (R = (.38**, df = 190).
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respectively. with 80 kg N ha™' applied as com-
pared to 2.55tha ' and 6.50 tha | respectively.
with 20kg N ha" ' applied. In all genotypes. ex-
cept D2C6' and IVC-C7. application of
80kgNha ' incrcased the grain yiclds signifi-
cantly over those obtained with 20kgNha '
treatment. However, for total dry matter, the
genotype x fertility level interactions were not
significant. Even though grain and dry matter
yields varied between locations, there were no
genotype X location interaction effects for these
paramcters. Mean grain and total dry matter
yields of pearl milet genotypes across the fertility
levels and locations varied significantly. The
landraces from India (Rajasthan Locals 1 and 2)
produced dry matter yiclds similar to those of
improved varictics and hybrids (Table 2). A
maximum mean grain yicld of 3.6tha ' was
observed for hybrid ICMH 451, followed by
another hybrid MBH 110. Total N, P, and K
uptake variced significantly (Table 2). However,
total N, P, and K uptake by landraces and some
of the improved genotypes were similar. There
was a positive relationship (df = 190) between
grain mass and total dry matter (R®=0.67**,
Fig. la). grain mass and HI (R*=0.28**, Fig.
Ib), grain mass and total N (R*= = 0.53**), P
(R*=0.71**) and K (R*=0.31**), uptake rc-
spectively.

Harvest index and nutrient translocation indices

Application of 80 kgNha ' or field location (or
fertility treatment) had no effects on HI of pearl
millet genotypes. The HI varied significantly
amongst genotypes. The improved hybrids and
the composites, except ERC-Co (an ergot-resis-
tant composite), had higher HI than the local
landraces (Table 2). Harvest index was positively
correlated with PUE (R* = 0.48**, df = 190, Fig.
1c).

NTI of pearl millet genotypes did not change
with 80kgNha™' applied in comparison with
20kgNha™'. However, NTI varied significantly
among locations, but without genotype x
location interactions. Mean PTI of pearl millet
across the locations increased significantly to
68.2% when N was increased from 20 to
80 kgha™', whereas in that situation mean KTI
decreased from 16.5% to 13%. Nutrient translo-
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cation indices  varied significantly - amongst
genotypes. In general. the genotypes with higher
HI showed higher mutrients translocation indices
(Table 2). Higher proportions (>60%) of plant
N and P were translocated to the grains, whercas
<80%% of total plant K remained in the stover.
More variability for NT1 and PTI than for KTl
was observed (Table 2). There was a positive
relationship (df = 190) between HI and NTI
(R’ =0.44** Fig. 1d) and also with PTI (R* =
0.38**, Fig. le).

Nutrient (N, P, K) concentrations in grain
and stover

Mcan N concentrations in grain and stover ac-
ross the genotypes and locations increased sig-
nificantly from 14 to 17 and from 5.1 to
6.4mgg . respectively, with 80kgNha ' in-
stead of 20kg Nha ' applied. Phosphorus con-
centration in grains was not changed, whereas P
concentration  declined  significantly  from
1.3mgg ' to 1.07mgg ' dry matter when N
application was increased from 20 to 80 kgha .
Potassium concentration in grains  decreased
from 4.93 to 4.66mgg ' when N applied was
increased from 20 to 80 kg ha ', whereas K con-
centration in stover was not changed. Locations
also had a significant cffect on nutrient concen-
trations in grains and stover.

Mean N, P, and K concentrations in grain and
stover varied significantly with genotypes. The
landraces had higher concentrations in the grains
than the improved genotypes. However, N, P,
and K concentrations in stover of local landraces
were similar to those in stover of improved
genotypes, except for BJ 104 and D2C6 (Table
2). There was no genotype X fertility interaction
for N concentration in grain and stover, but a
significant interaction was observed between
genotypes and fertility levels for P and K concen-
trations in grains and stover. In a few genotypes
P and K concentrations in grain and stover in-
creased when N applied was increased from 20 to
80 kgha ', whereas in others it decreased. Grain
N concentration was positively correlated (df =
190) with a total N uptake (R’ =0.71**), and
also with total K uptake (R?=0.50**) while it
was negatively correlated with NUE (R’=
0.83**), and KUE (R* =0.34**).
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Nutrient use efficiencies

Mecan NUE of pearl millet genotypes decreased
significantly from 48 to 39 kg grainkg ™' plant N
uptake when N applied was increased from 20 to
80kgha '. Phosphorus and potassium use effi-
cicncies were not affected by increase in N ap-
plicd. Nutricnt (N, P, and K) use efficiencies
varied significantly among genotypes and loca-
tions, but there were no genotype X location in-
teractions for N, P, and K usc cfficiencics. Im-
proved genotypes, e.g. ICMH 451, MBH 110,
BJ 104, IVC-C7, and MC-C8 with higher grain
yiclds and HI showed higher N, P, and K use
efficiencies than the Local landraces. There was
no interaction between genotypes and fertility
levels for N, P, and K use efficiencics.

Discussion

The pearl millet genotypes tested represented a
broad genctic background. They varied signifi-
cantly in grain and total dry matter yields, and in
nutrient usc efficiencics and translocation in-
dices. Most of the improved genotypes (hybrids
ICMH 451, MBH 110, and BJ 104 and compos-
ites MC (8, D2C6, EC-Cé, and IVC-CT)
showed higher grain yield than the Local land-
races (Rajasthan Locals | and 2), composites
(ERC-Co, RCB 2) and the synthetic variety
Gam 73. Differential responses of pearl millet
genotypes to N, in terms of grain yicld, were
been observed carlier (Kanwar et al., 1973;
Murty, 1967). Total plant nutrient uptake (N, P,
and K) of local landraces was similar to that of
some of the improved genotypes. A large di-
versity amongst pearl millet genotypes for N, P,
and K use efficicncy and N, P, and K transloca-
tion indices suggest that it is possible to identify
pearl millet Li.es with high nutrient use efficien-
cies and high nutrient translocation indices. The
improved genotypes with increased grain yields
have shown higher NUE, PUE, KUE, NTI, and
PTI (Table 2) than the landraces. However,
improvements in some of these traits have come
inadvertently along with selections made for im-
proving the HI. This is supported by the strong
positive relationships between HI and PUE,
NTI, PTI, N, and P (Figs. lc, d and ¢). How-

ever, no such selection has taken place for N and
K use cfficiencies even though wide diversity for
these traits was known to cxist. It means that a
future challenge exists to incorporate high N and
K use efficiencies in improved genotypes along
with improved dry matter production, HI and N,
P, and K translocation indices. Further, there are
no genotype X fertility interactions indicating
that genotyes can be cvaluated under diverse
fertility conditions. However, for improving N
and K usc cfficicncies, specific selections need to
be made different from those for improving PUE
or N and P translocation indices. With such
directed efforts it should be possible to improve
pearl millet grain yields. These results suggest
that it is cssential to brecd genotypes with in-
creascd dry matter production, improved nu-
trient usc efficiencics and nutrient translocation
indices. A positive rclationship between grain
yield and total dry matter production and grain
yield and HI suggests that for further improve-
ment of grain yield of pearl millet, it is essential
to improve HI and total dry matter production.
Similarly, Phul er al. (1974) observed that in a
set of 50 pearl millet genotypes grain yield was
positively correlated with tiller numbers, HI and
flag leaf area. In the past, improved grain yields
of pearl millct genotypes were obtained mainly
through improved HI rather than improved total
dry matter production and total plant nutrient
uptake. The recently improved genotypes, like
ICMH 451, IVC-C7, and MC-C8 produced high-
er grain yiclds than the local landraces. Some of
the improved genotypes have normal HI, and
the incrcased grain yields in thesc genotypes
came through increased total dry matter produc-
tion. This suggests a potential for improving total
dry matter production as well as HI, which
would also improve grain production. Wide di-
versity exists amongst genotypes for N, P, and K
concentrations in grain and stover. The local
landraces showed higher N concentrations in
grains than the N concentrations in high-yielding
improved genotypes, which was due to a dilution
effect in the grain of improved genotypes. Where
pearl millet is grown as fodder or in cases where
straw is incorporated into the soil, the priorities
will be entirely different. As PUE, NTI and PTI
are positively correlated with HI, which in turn
determines grain yield, for selection of parents



and for testing genotypes with possibly improved
other traits. it is important to monitor them for
nutrient usc cfficiency and translocation indices
to ensure that such traits are not lost in exchange
for others.

Thesc studies were conducted in two locations
which were only 5km apart. Further studics
need to be conducted to confirm that no
genotype X location interactions exist for the
abovementioned traits.
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