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Introduction 

The arid regions of India, spread 
over 3.2 lakh sq km, account for 12% 
area of the country. Western Rajasthan 
alone carries the onus of nearly 62% of arid 
area. This part of the rndian arid zone is 
the most thickly populated desert in the 
world. With over-exploited meagre natural 
resources, it has a predominantly agrarian 
base. Farming is almost entirely rainfed. 
The annual rainfall in the area is preca­
rious (150-400 mm) besides being too 
aberrant, having coefficient of variability 
between 40-70 %. Even the onset and rece­
ssion of monsoon play 'hide and seek' lea­
ving the farmer in the lurch. The monsoon 
season is characterised by freq uent and 
intemittent droughts. The high solar inci­
dence (450-500 cal/cm2/day), coupled with 
relatively high wind velocities( I 0-20 km/h), 
causes high potential evapotranspira­
tion (6mm/day). The soils, mainly loamy 
sands (85-90% sand) have low fertility, 
poor microbial activity and low organic 
matter content (0.1-0.25 'Yo). Moreover, 
these soils have a very high infiltration rate 
(9-10 em/h) and poor moisture storage 
capacity(120-135 mm in 1.0 m soil profile) 
and create a very gloomy scene of poor 
moisture availability for growing plants. 
Perhaps in no olher habitat plants are 
subjected to such rigors of fluctuating 

weather and adverse edapbic conditions 

as in the arid regions. 

Despite all this, pearl millet has conti­
nued t() be the singular predominant 

cereal widely grown in these regions. This 
crop has amazing qualities to withstand 
long drought, higher moisture utilization 
efficiency and capacity to extract moisture 
from deeper soil profile. It also has an 
excellent photosynthetic mechanism ensur­
ing efficient transfer of energy from leaves 
to grains. The grains have high nutritive 
value and form the staple food of the 
hard working robust people of arid 
regions. In 1950's it was cultivated in 
nearly :3 m ha area, constituting about 
80 % of the total area of pearl millet 
cultivation in Rajasthan. But, the average 
productivity was merely 188 kg/ha against 
the state and country averages of 
215 kg/ha and 310 kg/ha, respectively. 
Obviously, therefore, research efforts were 
initiated in the late 50's to meet two 

diametrically opposite objectives; firstly, 
developing technologies and management 

practices to ensure satisfactory yields in 
below n()rmal rainfall and drought years 
and, sec()lldly, to obtain the best yields in 
good rainfall years Considerable research 
has since been accomplished and 



published in various scientific journals. 
Despite all the voluminous research work, 
pearl millet yields still reel under Un­
stability, largely due to several production 
constraints like the diseases, lack of 
resistant cultivars and a lack of region 
specific production technologies. Most 

of our farmers cannot afford high cost 
inputs and yield stabilization needs to be 
achieved only through suitable cultivars 
and appropriate management practices. 
There still exists a large gap between 
attainable and attained yields. Scientists 
are continuing their efforts in this 
direction. 

2 

At Central Arid Zone Research 
Institute (CAZRI), researches 011 various 
aspects of pearl millet production have 
continued for the la~t three decades and 
there is no parallel work done on this 
crop under arid conditions 10 India. [n 
this publication, an attempt has been made 
to comprehensively review the entire 
research work carried out at CAZR[ on 
all aspects of this crop for the benefit of 
research workers and subject matter 
specialists concerned with the production 
technologies of pearl millet. 



Crop Improvement 

Genetic improvement 

Pearl millet, in arid areas, suffers 
from twin problems of unstable and 
low productivity Work on genetic 
improvement of pearl millet was, 

therefore, initiated in 1972 with dual 
objectives of achieving stahility in pro­
duction under unfavourable seasons and 
enhancement of productivity per unit area 
during favourable seawns. Local 

germplasm from three districts of Barmer, 
Jaisalmer and Jodhpur was collected and 
grouped using metroglyph analysis. It 

was found that material from Barmer 
and Jaisalmer districts was early to 
medium in maturity whereas Jodhpur 
germ plasm had both the types. The 
Barmer germ plasm was found to be 
yielding higher t,han that collected from 
Jaisalmer and Jodhpur. Studies on 
different germ plasm , were also conducted 
with regard to adaptability, divergence 
and relative contribution of different 
components to the divergence. Multi­
variate analysis showed wider adaptability 
of the populations collected from Barmer 
which was characterized with early flower­
ing and maturity, highertillering and yield 
potential (Saxena and Subba Rao 1980). 

Besides population improvement pro-

grammes, efforts to develop hybrids were 
also made at CAZRI. The stability of 

male sterility in female parents is one of 
the important pre-requisites for hybrid 
seed production. Studies on break-down 
of male sterility in male sterile lines 
revealed significant positive correlation 
with temperature and negative correlation 
with relative humidity, suggesting rise in 

percentage of pollen shedders with a rise 
in temperature and lowering of humidity 

(Saxena and Chaudhary, 1977). In arid 
areas, the temperature invariably Iemains 
high during flowering time and, therefore, 
the authors opined that it will be risky to 
take up hybrid seed production pro­
gramme in such areas. Chaudhary el al. 
(1981) observed that pearl millet popula­
tions were more stable for yield vis-a-vis 
hybrids under existing conditions. 

The selection criteria for yield improve­
r:lent 10 pearl millet were developed 
using the cause-and-effect relationship. 
Grain yiel9 had significant and positive 
association with plant height, tiller~ per 
plant and ear weight, whilst it showed 
negative association with days taken to ear 
emergence, (Manga t:l aI., 19115a). Syn­
chrony of ear emergence showed a. 
positive significant association with ear 



girth, ear weight and yield per tiller, but 
it showed no relation with grain yield per 
plant (Manga and Saxena, 1985), revealing 
that simultaneous improvement for higher 
synchrony of ear emergence and manifesta­
tion of characters (ear girth, ear weight 
and yield per tiller) could be realized. 
Good possibility of genetic improvement 
through selection was indicated for 
synchrony of ear emergence (Manga and 
Saxena, 1986a). 

The root traits of pearl millet assume 
great importance in the arid zone whcre 
the crop is grown rain fed under limited 
soil moisture conditions. The nature and 
magnitude of gene action for root and 
related traits studies in a diallel cross 
involving five inbreds revealed the impor­
tance of both additive and dominant gene 
action,with predominance of the lacter, for 
nitrogenase activity of the roots (Manga et 

al., 19~5b). This clearly revealed the 
pos~ibility of improvement of nitro­
genase activity through 5election for early 
plant types with small ears. In another 
study, the preponderance of both additive 
and non-additive gene action for dry root 
weight waS observed Non-additive genes 
were predominantly Involved in the 
expression of root length, root number, 
dry shoot weight and total dry matter 

(Manga and Saxena, 1986b). However, 
additive and non-additive genes played 
important role in the expression of non­
symbiotic nitrogen fixation in pearl millet 
under existing rainfed conditions of this 
region. 

Performance of genotypes 

Role of elite germ plasm is as important 
as any other input for increasing produc­
tion The yield of a crop can be increased 
considerably by adopting improved varie­
ties Suitability of a variety may vary with 
planting time. However, it should be fast 
growing in nature, responsive to inputs, 
especially fertilizers, under favourahle as 
well as unfavourable environmental condi­
tions. A variety may not be suitable in 
all the situations. For instance, the variety 
RSK performed better than others during 
early sixties but later on it was replaced by 
hybrids like HB I, HB 3, etc. In mid 
seventies, BJ 104 replaced all other recom­
mended varieties. Contribution of i m­
proved varieties or hybrids towards higher 
produ~tion was considered to be signifi­
cant. [n a study conducted by Misra et al. 

(1966), the hybrid HB 1 gave b% higher 
grain yield- than the variety RSK (Table 
1). Daulay et al.(l978) also reported better 
yields of hybrid than local varieties. 

Table 1. Comparative study of local and improved variety (Misra et al., 1566). 

-----
Varieties Ears/plant Ear l~rJgth 1000 grain Grain Yield 

(no.) (em) weight (g) (kg/ha) 

HB 1 4.0 25.2 4.684 3522 
RSK 1.5 33.8 5.138 2080 
LSD (5%) 1.I 4.2 0.300 552 
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Tillage and land preparation 

Tillage is not only necessary to prevent 
or to reduce competition by weeds for 
moisture. nutrients and light but also to 
bring about optimum tilth and soil physical 
environment conducive to proper germina­
tion and crop-stand establishment. Soil 
type is the main factor to determine the 
kind and the level of tillage operation for 
field preparation. Characteristics of soils 
of western Rajasthan have been studied in 
detail as a part of integrated survey carried 
out by the institute (Dhir, 1977). Light 
brown sandy soil (64 6%) was reported as 
major soil type in the arid region. Brown 
light loams, grey brown loams, soil with 
hard pan, sierozems, alluvial soil with 
dunes and other soil types occur in pockets 
and occupy 1.7, 13.6,59, 1.6 and 6.8% 
of the area, respectively. 

Light soils require comparatively lesser 
tillage than heavier soils. Soils with hard 
pan may require deep tillage for proper 
crop growth. Studies on preparatory tillage 
showed that one sub-surface cultivation 
with a sweep at the onset of monsoon and 
again prior to sowing was conducive to 
good crop stand and higher yield of pearl 
millet (Mann 'and Singh, 1978). Almost 
complete control of Cyperus IOtundus was 
achieved using a mould board plough for 
'ieed bed preparation. Yadav and Singh 

(1978) recorded the highest yield of pearl 
millet (36 q!ha) with one deep ploughing 
followed by one cross harrowing of the 
field. To evaluate the possibilities of mini­
mun tillage for pearl millet, the plough 
plant seeding and bed preparation by 
varying degrees of tillage were compared 
(Singh et al .• 1973). Though plough plant 
seeding gave grain yield statistically similar 
to the plots with more tillage, yet, a trend 
of higher yield was shown by plots recei­
ving two preparatory ploughings. Detailed 
studies confirmed that seeding after field 
preparation through harrowing was better 
than plough plant seeding (CAZRI, 
1978a). In plough plant method, higher 
weed population (344%) and more weed 
dry weight (243%) as compared to one 
shallow preparatory tillage caused intense 
competition for water and nutrients to 
the pearl millet and consequently resu1ted 
in low yields. 

Tillage requirement for pearl ·millet 
production has been a rapidly changing 
concept. If weeds could be controlled 
through chemical means, the practice of 
plough plant seeding could be advocated 
or else, one preparatory tillage would be a 
mllllmun requirement for satisfactof) 
harvests from pearl millet in light arid 
zone soils. 



Crop stand establishment 

Time of sowing 

Pearl millet is generally sown with the 
onset of monsoon and seeding is the 
common practice. However, better results 
with seed sowing could only be obtained 
if tbe rain sets in time (from last week of 
June to mid-July). Drastic yield reduction 
bas been reported in delayed sowing 
(CAZRI, 1978d). In delayed condition 
(after mid-July), transplanting of 21-25 
days old seedlings resulted in 22-36% 
higher grain yield than direct seeded pearl 
millet (Singh, 1978). For such conditions, 
transplanting, although labour intensive, 
has been found to be a superior technique 
giving reasonably good yield in the years 
of lower subnormal rainfall. In good 
rainfall years ,also, transplanting resulted 
in more than 30% increase in grain yield 
over direct seeded crop (1860 kg/ha) 
planted in the third week of July (Mann 
and Singh, 1978). 

Misra et al. (1966), in a laboratory 
study, reported differential germination 
response of pearl millet varieties under 
varying temperatures. Tbe cultivar JJN 
germinated better at higher temperature 
and, therefore, was found suitable for pre­
monsoon sowing. The dry sowing (pre­
monsoon sowing) was reported to be prac-

ticable for soils which are not prone to 
crust formation (CAZR [, 1982). For 
normal sowing conditions, HJ 104 was 
found suitable while CM 4ft was better for 
late sowing (CAZRI, 1980). 

Plant population per unit area also 

depends upon the sowing conditions. 
Under normal sowing, grain yields were 
similar with different plant populations 
whereas under late sown condition (trans­

planted, crop), significantly higher yield 
was obtained with higher plant popula­
tion (CAZRI, 1977). 

Method of sowing 

Two methods of seeding, i. eo, kera 

~sowing behind plough) and o pora (drilling 

behind piough) are commonly practi~ed 
for sowing pearl millet, and the latter has 

been found to be better than the former 
as, in pora method, intimate contact of 

seed with moist soil and optimum seeding 
depth are ensured (Singh, 1984). Diffe­
rent makes of tractor-drawn seed drills 
found large scale adoption for sowing 
millets. Light planking after drilling the 
seeds is also a common practice. Yadav 
(1977) reported that use of packer was ad­
vantageous for adequate germination and 
crop stand estabiishment. Sowing with seed 



drill having hO'e type furrow openers and 
on-the-row press wheels has been found to 
result in a uniform stand leading to higher 
grain yield of pearl millet compared to 
using disc type furrow openers (Table 2). 

Depth and rate of seeding 

Adequate plant stand is the first requi­
site for successful crop production. The 
primary factors that influence stand 
establishment are depth and rate of 
seeding. In arid regions, proper moisture 
in seed;ng zone at times becomes the 
limiting factor for establishment of a good 
crop stand. Placement of seed at a 
proper depth would ensure environ­
ment conducive to uniform germination. 
A four-year study (Misra and Vijay 
Kumar. 1963) showed that the seed place­
ment at 7.5 cm gave the best response in 
terms of seedling emergence and grain 
yield, followed by 5.0 cm depth. Use of 
of 3.36 kg/ha seed gave higher yields 

than lower or higher seeding rates 
(CAZRI, 1961). Misra et at. (1966) 

reported variation in germination owing 

to size of the seed. They screened five 
varieties (RSK, RSJ, Chadi, T 55 
and JJN) with a range of test weight 
(0 40 to 0.73 g/IOO seeds) for germination 
capability. The medium size seeds (with 
a mean test weight of 0.62 g/ I 00 seeds) 
gave the highest germination (93.1 %) 
while the lowest germination (82.1%) was 
recorded with small seeds. The large and 

medium size seeds showed equal germll1a­

tion capability. 

Spacing 

Spacing determines the art'a available 
to each plant and, consequently, the level 
of competition for all natural and applied 
reSources between and within the plants. 
In arid areas competition for moisture is 
relatively more severe. A preliminary 
study showed that 45 em row spacing was 
optimunl (CAZRI, 1961). In another 
study, 30 and 45 cm spacings gave 
significantly higher yield than 60 and 75 

em spacings in a normal rainfall year 
(CAZRI. 1983 a). It is generally believed 
that a wider spacing may be more 

Table 2. Effect of seedmg machinery 00 seedl,log emergence, coefficient of velocity 01 
emergence and grain yield of pearl millet (Yadav, 1977). 

Treatment FiQal emergence 
(no./metre row 

length) 

Shovel type drill 11.3 

Shovel type drill with 23.1 
narrow iron press wheel 

Disc type drill 30 

Disc type drill with 80 
semi-pneumatic press wheel 

Hoe type drill with 'V' 26.0 
shaped solid press wheel 

LSD (5%) 5.2 

7 

Coetficier.l of 
velocity of 
emergence (%) 

22.9 

23.8 

33.2 

275 

30.3 

Grain 
yield 

(kg/hal 

828 

950 

410 

1059 

1195 

234 



advantageous than narrower ones under 
moisture stress situation. In a closer 
spacing, manual weeding is easier than 
tractor mounted cultivator as operation of 

tractor is difficult in closer spacing. " 

Control of surface crust 

Thin crust formation on the soil 

surfce is a common phenomenon ob­

served on arid soils. The impact of rain 

on exposed soil causes structural break 
down. The dispersed finer fractions of soil 
deposit on soil surface as well as move 
downwards with percolating water and 
impregnate the soil pores. The consequent 
rapid drying of soil, owing to high 
radiation intensities available in arid areas, 
results in surface crust formation. These 

crusts cause mechanical impedence to the 
emerging seedling and often result in very 

poor plant stands or total crop failures 
Crust is thus a serious problem in the arid 
zone: Some methods for minimising 
crust impedence to seedling emergence 
have been evolved at CAZRI Application 
of farm yard manure (FYM) on the 
seeded row after sowing was found helpful 

in reducing crust strength from 0.74 
kg/sq em to, 0.33· kg/sq cm (CAZRr, 
1976). Joshi (1987) studied pearl millet 
seedling emergence under flatu rally crusted 
arid soils for four consecutive years. These 
studies revealed that application of FYM 

over seed furrows reduced the crust 
strength to 49 KPa on 3rd day and 69 
to 74 KPa 011 7th day after sowing as com­
pared to 108-128 KPa on 3rd day and 162-
172 K Pa on. 7th day under drill sowing 
(Fig.I) .. The lower crust strength with 
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FYM allowed higher rate of emergence 
and greater ultimate emergence with low 
mean period of emergence (Table 3). 
The FYM over seed furrows firstly 
reduced the beating effect of rain dlOps 
and thus caused lesser breaking of 
aggregates. Secondly, FY M being' amor­
phous in nature, absorbed more rain 
water besides its mulching effect and kept 

2. 26% higher moisture content of the 

surface layer Other methods such as use 
of pearl millet husk as mulch (CAZRr, 
1976' and mixing of legume (greengram) 
seeds with pearl millet seeds (Joshi, 1987) 
have also been found satisfactory for 
securing better' plant populations and final 
yields in crusted soils. . 

Adverse effects of crust could also be 
minimized by sowing the crop in furrow 

in ridge-furrow system of land prepara­
tion. Ridge-furrow system laid out in 
N-S direction or with 250 diversion either 
in west or east (NW-SE or NE-SW) was 
effective to combat crust problem as it 
reduced wind action and lowered the soil 
temperature to result in reduced soil sur­
face drying rate by 25% to 35% (Singh, 

1'984) Joshi (1987) reported that the suc­
cess of ridge-furrow system of land pre­
paration was largely dependent on com­
pactness of ridges. The dislodging of 
loosely packed ridges on light arid zone 
soils due to high rain intensity after sowing 

resulted in poor emergence and low 
yields in two out offour years of study. 
Packing after sowing offers promise to 
overcome this problem. Yadav and Sir gh 
(1978) reported beneficial effect of packi ng 



wheels attached to seed drills on the sowing was followed by rains. 

emergence of pearl millet seedlings when 
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Fig. 1. Effect of sowing and cultural methods on crust formation after planting (Joshi, 1981). 
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Soil ferti I ity management 

Fertilizer use 

Fertilizer is an important input even in 
rainfed lands for increasing the crop pro­
ductivity. Compared to other nutrients, 

nitrogen was found to influence the pearl 
millet yields the most (Misra, 1964). Better 

response of pearl millet to nutrients was 

obtained when other concomitant factors 
were well adopted for maximum uptake of 

nutrients (Joshi and Panjab Singh, 1981; 

1985). 

Several varieties have been developed 

in the past due to efforts of breeders enga· 
ged in projects on improvement of pearl 
millet. Varietal respome to nitrogen has 

been studied at CAZRI from time to time. 
Vyas et al. (1972) worked out 23.3 kg 

N/ha as optimum dose for local varieties. 
The improved varieties (HB I, HB 3) were 

found more responsive to nitrogen appli­
cation. Singh et al. (1974) reported 40 kg 

N as an optimum dose for these varieties. 

Pan,iab Singh (1977) and Singh et af. (1978) 
confirmed this finding in further studies. 

Joshi (1984) howt:ver, reported consider­

able variation in nitrogen optima between 
years and among varieties. Based on a two­

year study, he reported nitrogen optima 
for local, BJ 104 and BD III as 58.25, 

57.14 and 69.25 kg/ha in the first year 

while 65.53, 62.57 and 80.93 kg/ha in the 

second year, respectively. The author fur­
ther reported better production responses 

in the first year inspite of the fact that 

rainfall during this year was 60 mm less 

than the later year. It was argued that 
it is not only the quantum but the distri­
bution of rainfall during crop growth that 

influences the production respollse~. A 

marginal rise in optimum dose was also 
observed when rainfall during the crop 
growth was well distributed. Considering 
the high variability of response in arid 
areas due to high risk conditions, Joshi et 
al. (1984) also suggested the use of some­

what lower than optimum doses. Studies 

based on two similar ~ainfall years revealed 
optimUJJ1 nitrogen levels for local, BJ 104, 
BD Ill, CM 46 and PHB 12 as 63.95, 
65.98,74.3,7,84.19 and 82.47 kg/ha, res-

pectively (Joshi and Kalla, 1986). 

The recommendations to use physical 
or economic optima for optimum yield of 

pearl milJ-et (Singh et al., 1974; Panjab 
Singh, 1977; Singh et al., 1978 and Joshi, 
1984) presupposed no constraint on the 

availability of fertilizer. In fact, the country 

is facing a shortage of fertilizer nitrogen. 
Keeping the fertilizer scarcity in view,· 

Joshi and Kalla (J 986) proposed use of 



pragmatic levels of nitrogen. They worked 
out a nitrogen curtailing schedule without 

impairing the production potential where 
the quantities of nitrogen were allowed to 
diminish at a fixed interval. The cost 
reduction and consequent net pay-off inci­
dental\to the reduction in the quantities of 
ftrtilizer were iterated till the loss in net 
pay-off was equivalent to the gains in the 

cost of reduction of fertilizer. This was 
termed as 'Pragmatic' level of nitrogen. 

The results of their studies indicated 
the possibility of nitrogen curtailment of 
about 24 kg/ha for CM 46 and PHB 12 
(Table 4). Varieties BJ 104 and BD III 
registered saving of 16 and 19 kg N/ha. 
The authors advocated the desirability of 
popularization of eM 46 and PHB 12 
from the point of view of nitrogen 
economy. It was suggested that the 
nitrogen saved by growing these varieties 
for every 3.0 ha may be utilized for about 
1.0 ha additional area which may not have 
received nitrogen application at all. 

Numerous studies on balanced appli­
cation of nutrients have been carried out 

to effect efficient utilization of applied 
inputs and to augment pearl millet pro­
ductivity. Misra (1971) rep'orted higher 

yields with the combined application of N 
and P as compared to application of indi­
vidual nutrients. Mann and Singh (1977) 
reported yield increase of the order of 35 
to 150 per cent with the application of 40 

k~ N along with 40 kg P205/ha in good 
rainfall years. A three-year study revealed 

that maximum grain yield of pearl millet 

could be obtained when combined applica­
tion of 60 kg N, 30 kg P205 and 15 kg 
K20jha was made (CAZRJ, 1978c). 

The investigations on the effect of 
micronutrients on the pearl millet yield in 
arid zone have been relatively few Bene­

ficial effects of application of tr.ace elements 
were observed in a four-year study (Misra 

and Bhattacharya, 1966). Application of 
Fe, Zn, Mg and mixture of all resulted in 
a mean increase in grain yield over control 

by ;! 1.6, 18.0, 15.0 and 5.4%, respectively 
(Table 5). The response to Fe and Zn was 
more confined to development stage and 
caused significant increases in the kernel 
weight while beneficial effect of Mg was 

recorded at all the stages of plant growth 

and development. Misra (1971) opined 

that response of micronutrients was more 
. prominent in drought year compared to 
normal rainfall years. Joshi and Panjab 

Table 4. Nitrogen-yield relationship (kg/ha I of pearl millet varieties (Joshi and Kalla, 1986). 

Variety Nmax Y max Nopt Yopt Pragmatic Difference 
nitrogen from optimum 

(kg) to pragmalum 

Local 84.44 920.93 63.95 893.34 39.4 24.55 
BJ 104 76.52 1366.82 65.98 1352.59 50.2 15.78 
BD 111 91.66 1105.82 74.37 1082.49 5.'\.0 19.37 
eM 46 104.33 1195.25 84.19 116807 59.5 24.69 
pim 12 101.47 1261.36 82.47 1250.12 59.4 .23.07 
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Singh (1985) found 13.1 and 22.5% 

increase in yields due to application of 
Zn and B, respectively. 

Work on the inter-nutrient relations 
with respect to pearl millet is also limited. 
In one such study, application of major 
nutrients (N, P and K) was found to de­

crease the copper uptake by pearl millet 
(Jain et aI., 1967). The authors argued 
that H 2P04 reduced the uptake of copper 
by some process external to the plant by 
copper immobilization. The increased 

concentration of NH\ and K+ ions due to 
application of fertilizers (N, P and K) 
caused retention of available copper by 
soil, thus indicating antagonistic effects of 
these ionf> on the uptake of copper (Misra 

and Tiwari, 1964). 

The researches conducted on different 
aspects of fertilizer use, i.e., optimum and 
pragmatic levels of N, balanced fertilizer 
use with respect to major nutrients, res-

ponse to micronutrient etc. suggest respon­
siveness of pearl millet to use of fertilizers. 
Application of fertilizers under arid condi­
tions shQuld, therefore, be given greater 
emphasis since hungry plant trallspires 
water without producing food. However, 
to think that use of fertilizers will always 
result in im;reased crop yield under arid 
conditions, is an illusion. For example, if 
the average and anticipated rainfall (on 
the basis of last several years) is not recei­
ved and fertilizer is applied in a manner 
that leads to its maximum utilization, 
application of fertilizer may accelerate the 
initial growth of the crop to the extent 
that almost all stored moisture is exhaus­
ted by the time the crop enters the repro­
ductive phase. Th us, little or no moisture 
is left to support subsequent growth of 
the crop, thereby resulting in complete 
crop failure. To maintain soil productivity. 
balanced application of fertilizers is nece­
ssary. The beneficial effects of micronu­
trient applications were prominently evi-

Table 5. Effect of micronutrients on grain yield (kg/ha) of pearl millet (Misra and 
Bhattacharya, 1966). 

Element Source Rate Grain yield 

(kg/ha) 1958 1959 1960 1961 Mean 

Fe FeSO, 32.6 969.8 813.4 657.4 847.1 821.5 
MD MnSO, 16.8 839.6 1028.5 333.6 647.9 721.4 
Zn ZnSO, 11.2 996.9 491.5 473.2 754.8 797.6 
Cu CuSO. 11.2 844.1 808.9 4594 584.4 674.2 
B Na,B,O, 56 767.9 795.5 373.2 763.6 675.0 
Mo lNH,).Mo,O" .14 790.2 703.6 484.1 694.2 6685 
Mg MgSO. 163.0 879.9 871.6 511.8 857.3 780.1 
Mixture 1113.6 8997 414.8 685.7 778.4 
Control 853.2 866.1 414.8 564.2 674.6 
LSD (5%) NS NS 140.7 NS NS 
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dent in drought years and, therefore, these 

should be used to reduce the risk of crop 
failures under arid conditions. 

Nutrient management 

Arid zone soils are low in nitrogen 

and prone to its losses by leaching and 
volatilization. Therefore, the management 
of nitrogen assumes special significance. 
Broadcasting of urea was found to result 
in 20% loss through volatilization within 
14 days of its application (Aggarwal and 
Kaul, 1978). Studies have shown that the 
efficiency of fertilizer nitrogen can be en­
hanced manifuld by integrating the timing 

and method of its application. Application 
of 40 kg N, half at sowing and other half 
after 3-4 weeks to timely sown pearl millet 
gave as good yield as double the dose of 
fertilizer, all applied at sowing (Mann and 
Singh, 1978). Singh et al. (1972) reported 
that placement of ammonium sulphate 
pellets followed by top dressing after about 
a month following a rainfall ~pell gave 

significantly higher grain yield of 1060 

kg/hd, which was 19 to 31 % mpre than 
other methods of application (Table 6). 

The (Table 6) results indicate a genera) 
trend of better yield under split application 
as compared to the application of full 

dose of N at sowing or after a month Such 
trend was a manifestation of more produ­

ctive tillers un'der split application treat­
ments, possibly because the practice of 
withholding half of the N during the early 
part of the season regulates water utiliza­
tion by limiting the growth of the vegeta­
tive parts of the plants, thereby saving 

greater portion of available water for the 
later stRges of ear emergence. and gram 
development. Panjab Singh (1977) and 
Singh el at. (1978) confirmed the beneficial 
effects of split applications of nitrogen 
doses. Application of nitrogen as top dre­
ssing should be made before 45-day crop 
stage. The delayed top dressing was found 
to add only to stover production (PanJab 
Singh, 1977). Smgh (1976) advocated the 
practice of foliar application of 1/3rd dose 

Table 6. Effect of different methods of fertilizer application on yield and yield attnbutes 
of pearl millet (Singh et al., 1972). 

Methods of N' application 

Placement of pellets 
Drill application 
Broadcast at sowing 
Top dressing about 30 days after sowing 
Half pellets and half top dressed 
Half drilled and half top dressed 
Half broa*ast and half top dressed 
LSD (5%) 
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Grain 
yield 

(kg;ha) 

820 
750 
730 
750 

1060 
830 
860 
100 

Ears! Length of 
plant ear (cm) 

2.9 26.9 
2.9 26.9 
2.1 25.0 
3.2 27.3 
3.9 18.6 
3.5 27.1 
2.8 29.1 
0.9 2.7 



of nitrogen, should the season turn out 
moderately dry. 

In light soils a part of fertilizer applied 

through conventional method of broad­
casting remains unutilized as the upper 3-5 
cm layer dries soon after the rain. A part 
of it may volatilize upon soil drying, as 

soils are slightly alkaline and low in cation 
exchange capacity. In order to derive the 
maximum advantage out of applied N, 
studies on methods of fertilizer application 
were initiated in the early seventies at 
CAZRI. Singh et al. (1972) compared 
three methods, i e., placement of pellet, 

drill and broadcast application of ammo­
nium sulphate and observed that it was 
not only the method of application that 

contributed towards the higher yield of 
rainfed pearl millet but the rational spli­
tting of N was rather more beneficial. In 
the later studies, Aggarwal and Kaul 
(1978) found that nitrogen loss was consi­
derably brought down by placing urea in 

the moist subsurface zone. Singh et al. 

(1978) reported that placement of urea at 
10 cm depth or broadcast and mixing 
with the soil gave signific:!ntly higher 
yield than, that 5 cm below the seed and 
5 cm to the sides of the seeded rows. 

Nitrogen from various sources showed 

differential response with pearl millet. In 
a six-year study, various mitrogen sources 

showed differential responses in different 
years, but the pooled analysis Indicated a 
trend of slightly higher grain yield (405 kg/ 

ha) due to application of FYM as against 
372, 383 and 395 kg/ha with ammonium 
sulphate, calcium ammonium nitrate and 
urea, respectively (Vyas et al., 1972). In 
another long term study conducted from 
1975 to J979 application of sheep manure 
gave substantially higher productivity of 
rainfed pearl millet grown in continuous 
pearl millet - pearl millet system than the 
application of urea in all the years except 
first (Singh et al., 1981). The authors opi­
ned that in subsequent years N and other 
nutrients from organic sources became 

Table 7. Effect of organic and 1D0rganic source of nitrogen on the yield (kg/ha) of pearl 
millet (Singh el al., 1981). 

Treatment lQ75 1976 1977 1978 1979 Mean 

Control 2220 660 1030 480 250 880 
20 kg N/ha inorganic 2940 1220 1590 770 450 1390 
every year 
40 kg N/ha inorganic 3010 1670 1930 900 500 1600 
every year 
40 kg N/ha inorganic 3020 890 2010 600 540 1410 
once in two years 
10 t FYM + 10 kg N/ha 2380 1650 1910 1080 680 1540 
every year 
20 t FY M /ha once 2610 1300 1780 10lO 840 1510 
in two years 
40 t FYM/ha unce 2700 1980 2500 1080 860 1780 
in two years 
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more and more available to the crop due 
to residual and cumulative effect resul!ing 
in sustained higher yield (Table 7). Gupta 

et al (1983) reported that application of 
FYM in association with urea to supply 
50% nitrogen from each improved the soil 

properties, economisp.d fertilizer use and 

optimised the production of pearl millet. 

Contrary to the above findings, Singh 
et al. (l973) reported ammonium sulphate 
as slightly superior to FYi\[ on equal N 
basis. The better efficacy of ammonium 
sulphate was attributed to additional 
supply of sulphur to the crop (Aggarwal, 

1985). 

Urea is extensively used as N source. 
The nitrogen use efficiency of urea is low 
due to its higher volatilization losses. In­

creased uptake of nitrogen and thereby hig­
her N use efficiency of urea was found when 
.it was applied with P and Zn (Aggarwal 
and Panjab Singh, 1978). Agg2fwal (1985) 

reported N use efficiency of urea, diammo­
nium phosphate, calcium ammonium ni­

trate and ammonium sulphate as 20.0, 
26.0,30.0 and 36.7%, respectively (Table 

8). It was suggested that reduction in th~ 
loss of nitrogen and an increase in N use 

efficiency could be achieved if urea was 
coated with sulphur in 10:1 ratio (Aggar­
wal et af , 1987). 

Effect of different sources of phospha­
tic fertilizers was studied (CAZRI, 1984a). 
The result~ revealed diammonium phos­
phate (DAP) a better source as compared 

to dicalcium phosphate, single super 

phosphate, trock phosphate and NPK 

compound fertilizer. 

Pearl millet is grown in variou.; crop 
sequences. Pearl millet - pearl millet and 
pearl millet - greengram or dewgram or 
clusterbean as two year rota lions and pearl 
millet - wheat as one year rotation are 
commonly followed in arid areas. Studies 
on nutrient requirement of crops grown 

in sequences revealed that application of 
40 kg P20S to greengrarP was beneficial to 
pearl millet grown in rotation during the 
next season, giving 200 to 500 and 200 to 
350 kg/ha higher grain yield under fertili­
zed(20kgNjha)and unfertilized conditions, 
respectively (Singh et al., 1981a). Singh 

et al. (1985) found 36% higher yield of 
pearl millet when 26 kg P/ha was applied 
once ill two years to legume instead of 

millet in rotation. For pearl millet-wheat 

Table 8. Nitrogen use effiCiency of different nitrogenous fertilizers at 60 kg N/ha in 
pearl millet (Aggarwal, 1985). 

Source of N 

Control 
Urea 
Urea coated with S 
Urea coatep with latex of Caiotropis 
Ammonium sulphate 

. Diammbnium phosphate 
Calcium ammonium nitrate 
LSD (5%) 
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Grain 
yield 

(kgJha) 

450 
650 
850 
650 
760 
600 
700 

49 

N uptake 
(kg/ha) 

20.5 
32.5 
50.6 
36.7 
42.5 
36.0 
38.5 

9.3 

N use 
efficiency 

(%) 

20.0 
50.2 
27.0 
367 
26.0 
30.0 



rotation, Singh (1985) suggested that 

application of manure or phosphorus to 

both the crops was not necessary.To obtain 

higher grain yield and to maintain the soil 

organic matter at a desired level, a ~ingle 

application of 26 kg P/ha in addition to 

120 kg Nfha to wheat and only 60 kg 
N/ha to pearl millet in rotation was recom­

mended. 

The fertilizer management studie's 

hitherto conducted on pearl millet have 

generated valuable information. It can be 
concluded that if application rate, lime 
and method are not followed judiciously 
application of fertilizer may do more harm 
than good. Split application of nitrogen 

should be given due emphasis and the part 

of nitrogen earmarked for top dressing 
should be withheld if droughts are antici­

pated in the later part of crop season. 

Placement of urea at 10 cm depth was 

found as superior method but effective 
administration of fertilizer at such a depth 
appears to be a difficult task for want of 

efficaceous and precise implements. There­
fore, other methods such as broadcast and 
mixing in the soil or drill application may 

be advocated for basal application and 

losses saved through rational splitting of 
doses. Application of FYM should find a 

place in pearl millet cultivation to main­

tain long term productivity and better soil 
physical conditions. Integrated fertilizer 

management should be adopted where 

phosphatic fertilizer is applied onl~' to 

legumes in pearl millet - legume rotation 

and to wheat in dOllble cereal rotation. 
Such practices would not only help saving 
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the fertilizer input but would also ensure 
better fertilizer use efficiency. 

Biological nitrogen fixation 

In arid areas where little nitrogen 

fertilizer is applied thc role of various 
nilrogen fixipg bacteria to improve the 

soil nitrogen status offers considerable 
potential. S;nce the identification of 
Azospirillum brasilellse as a nitrogen fixing 

bacterium for cereals, much interest has 

been generated on this organism from the 
point of view of nitrogen economy in pearl 

millet production. Joshi and Panjab Singh 
(1981) while exploring the possibility of 
use of Azospirillum inoculation in pearl 

millet suggested that use of biological 

sources of nitrogen is another bright ope· 

ning for increasing millets production 
especially \\-hcn application of chemical 

fertilizers is considered risky. 

Detailed studies (Joshi and Rao, 1988) 
on these aspects have shown that inocula­

tion gave an increase of 394% in grain 
yield (718 kg/hal as compared to uninocu­
lated (Fig. 2). Significant improvement in 

root dry \\-eight upon inoculation was also 
recorded. Venkateswarlu and Rao (1983) 
found that enhanced root growth upon 

inoculation was due to the production of 
various growth regulating substances such 

as indoles, gibberellins and cytokinins by 

Azospirillum. 

Studies on associative nitrogen filiation 
in pearl millet (Fig. 2) revealed that the 
yield obtained with the application of 13 

kg N (716 kg/hal was similar to that of 

inoculation treatment alone (718 kg/hal. 
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Fig. 2. Effect of inoculation and nitrogen on grain yield of pearl millet (Joshi and Rao, 1988). 

This indicated that Azospirillum inocula­
tion ~ould contribute an amount equiva­
lent to 13 kg N/ha to the crop nitrogen 

requirement. The inoculation effect de­

creased with the increase in external nitro­
gen application and at 40 kg N the inocu­
lation did not increase the grain yield 

(J,.shi and Rao, 1988). Rao and Venkates­
v: arlu (1982) ~bserved thOe inhibition of 

l\l2~n~e <lctivity of A. hrasi/ense by addition 
of both organic and inorganic nitrogen 
compounds under in vitro conditions, 
These studies confirmed the findings of the 
field exp\!riments that nitrogenous fertilizer' 
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after a threshhold concentration. inhibits 
the activity of Azospirillum and its bene­
ficial effects. 

Joshi et al. (1984), while suggesting 
the technologies for higher production in 

arid zone, advocated the use of A::ospiri­
{fum inoculation as biotic nitrogen source. 
The authors argued that although the 
quantum of contribution (13 kg N/ha) by 

this b<lcterium may appear low, yet it is 

significant under arid conditions where 
monetary inputs are a great constraint 
in increasing the farm output. 



Weed management 

Pearl millet faces a good deal of 
competition by rainy season weeds for all 
natural and applied inputs. The competi­
tion for resources, especially moisture, is 
acute during early stages of crop growth 
as the weeds grow rapidly. Misra and Vijay 
Kumar (1962) recorded 60% more yield 
in weeded plots than in control and the 
effect of weed control on yield was more 
conspicuous in a season with low rainfall. 
Joshi and Panjab Singh (1981) and Gupta 
and Gupta (l9R2) found over two-fold in­
crease in the grain yield due to efficient 
weed control measures. 

Weeds could either be controlled 
mechanically or through the use of her­
bicides. Misra and Vijay Kumar (1962) 
did not find significant differences amongst 
different cultural and chemical (2,4-0) 
weed control methods. ]n another study, 
it was found that pre - emergence 
application of atrazine was as effective as 
one hand weeding done at 30 days after 

sowing (CAZRI, 1978b. On the other 

hand, Joshi and Panjab Singh (1985) 

reported 40% increase in grain yield due 
to application of atrazine (I kg a.i./ha) 
over one hand weeding at 40 kg N level. 

Such beneficial effect in yield due to che­
mical weeding was not ob~erved at 80 kg 
N level (Table 9). A sizeable popUlation 
of weeds in the intra-row space escaped 
manual weeding while tbe atrazine effec­
tively controlled these weeds. At higher 
nitrogen rate (80 kg N/ha), it was argued 

that the plants made faster growth and 
suppressed the growth of intra-row weeds. 
This eventually reduced the competition 
and led to non-significant differenc<! bet­
ween chemical and manual methods of 
weed control (Table 9). 

Different weedicides were compared 
for their efficacy to control weeds. Studies 
by Misra and Mathur (1965) revealed Ihat 
2,4-D was more effective at early stages of 

growth, while 2,4,5-1 at later stages of 

growth. Spraying of three weedicides viz. 
2,4-0. 2,4, 5-T and MCPA at the rate of 
I kg a.i.lha gave significantly higher yields 
over control, the highest being with 
MCPA at 30 days after sowing (CAZRI, 

1965). Betier weed control gave higher 
protein content in the grain samples ow­
ing to higher nitrogen availability to pearl 

millet. 



Table 9. Nitrogen - weed management relationship in pearl millet (Joshi and Panjab 
Singh, 1985). 

Treatment* 

NoN + 1 W 

40N+IW 

40 N + 0 W 

80N+IW 

80 N +OW 

40 N + Atra. 

80 N + Atra. 

Grain yield 

(kg/ha) 

563 

968 

412 

1571 

448 

1351 

1602 

Weed count/rna 

76 1 

75.3 

169.3 

71.7 

147.5 

32.2 

27.6 

Weed dry 

weight 

(g/m') 

109.6 

124.4 , 

461.1 

139.9 

494.0 

68.1 

75.5 

• W : hand· weeding at 30 days; Alra. : pre-emergence atrazine application @ I kg a. i./ha. 
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Cropping systems 

Crop rotation 

In conservation farming the crop 
rotation occupies an improtant place. A 
crop sequence that reduces loss of soil and 

gives more returns per unit area may be 
considered more suitable for adoption in 
arid areas Growing a crop continuously 
on the same piece of land may have ad· 
verse effects on soil fertility because of 
continuous depletion of nutrients from a 
particular depth. Adverse effects of such 

systems have been observed even under 

good soil fertility management conditions. 
Mann and Singh (1977) observed 62% 
reduction in pearl millet yield in pearl 
millet - pearl millet rotation in comparison 

to greengram-pearl millet rotation. Tn 
traditional cropping. pearl millet is grown 
either after fallow in two year rotation or 
monocropped every year. Singh (1980) 

reported that among single crop systems 
pearl millet-fallow rotation proved to be 
the most remunerative from both yield 
and monetary returns points of views. 
Among double crop systems, pearl millet­
clusterbean gave highest returns per unit 
area (M isra. 1977) Results of a long term 
study (Singh et al., 1985) also support 
pearl millet - clusterbean rotation where 
II % higher pearl millet yields were 

achieved in comparison to continuous 
growing of pearl millet (Table ]0). The 
system also improved soil organic carbon 
by 12% and available soil P by 25%. 

Table 10. Effect of cropping sequence on 
the yield of hybrid pearl millet 
(Singh et al., 1985). 

Crop sequence Grain yield (kg/ha) 

Pearl millet - Pearl millet 2034 
Pearl millet - Clusterbean. 2251 
Pearl millet - Greengram 2217 
Pearl millet - Moth bean 1985 

Planting system 

Pearl millet IS generally grown in 
uniform planting system. Possibilities of 

other planting systems were also explored 
at CAZRI. In a study, Singh et al. 
(1978a) reported 9% higher yield of pearl 
millet in paired row than in uniform row 
system under similar set of management 
(Table 1.1). Tn another study, beneficial 

effects of paired row system were observed 
during drought year only (CAZRI, 1978a). 
Conducive micro-climate for plant growth 

and development, besides efficient me of 

water, better weed suppression within a: 
row-pair ar.d greater root proliferation in 



paired rows were some of the reasons 
attributed for better yields in paired 

system (CAZRf, 1978a and Ramakrishna 

et al , 1982). 

Rao and 10sQi (1986) examined the 
possibility of incorporating such beneficial 
effects. They tried border cropping by 

skipping every 4th row in uniforJl'! row 
system with a vit'w to save nitrogen input 
in pearl millet production. These studies 
revealed that the border row system (with 

adjusjed population on hectare basis) gave 
14% higher yields over uniform row 
system despite 25% lesser inputs. 

Intercropping 

Growing one or two legumes with 

pearl millet as mixed crop has been a 
traditional practice primarily to reduce 
the risk of complete crop failure in abe­

rrant weather. In the traditional practice, 
speci~c 'row arrangements were not 
followed which led to low }ields of both 
the mixed crop components. Studies on 
different aspects of intercI:opping have 
since been conducted and attempts made 

to perfect the technique including the 
patterns Of planting crops in intercropping 
systems having, pearl millet as one of the 

component ('rops. It was found that 
growing pearl millet in association with 
clusterbean was better in a normal rainfall 
year while in subnormal rainfall years 

cowpea was a better associate (Misra, 
1971). Singh et al. (1978a) did not see 

any adverse effect of intercropping green­
gram in the inter-row spaces of pearl 
millet. In a two-year study (Panjab 
Singh and Joshi, 1980), double rows of 
dewgram, clusterbean and greengram 

planted in the interspaces of paired rows 
of pearl millet (30170 cm) yielded 381, 381 
and 458 kg/ha additional grain without 
adversely affecting the yields of the pearl 
millet (Table 12). The land €quivalent 
ratios (LER) of various intercropping 

systems were also studie~!. On the basis of 
LER, growing dewgram in double rows 
gave maximum advantage of 54% owing 
to least competition offered by this crop. 
Growing two rows of greengram, though 
resulted in comparatively lower LER 
(1.19) and only 19% better land utilization, 

gave the maximum gross returns fDm the 
system. 

Singh et al. (l978b) observed that 
pearl millet could also be taken as an 
i~tercrop (n greengram-pearl millet system. 

Table 11. 'X"ield and yield attributes of pearl millet as influenced by different planting 
systems (Singh et al , 1978a). 

Planting 

Uniform rows (50 em) 

Paired rows (30/70 cm) 

Treb"le rows (30/90 em) 

Mean grain yield 
(kg/ha) . 

3006 

327~ 

3088 

.22 

Ears 
(OOO/ha) 

282.42 

311.93 

298.26 

1000 - grain 
weight 

(g) 

621 

6.57 

6.37 



They reported higher returns with intercr­

opping than with sole crop of greengram. 

Studies on planting systems for pearl 
millet-greengram intercropping revealed 
that paired planting (30/70 cm) of base 
crop was more efficient giving 7-24% 
higher yield than uniform planting (50 cm) 
in subnormol rainfall years and as good 
as uniform planting in normal rainfall 
years (CAZRI 1984c and 1985b). These 
studies also showed that yield oftprincipal 

crop increases with increase in levels of 
nitrogen but the yield of intercrop 

(greengram) gets adversely affected. 
Perhaps at higher nitrogen levels the 
increased vegetative growth of pearl millet 
suppressed the growth of intercrop. A 
three-year study on component populati­

ons of pearl millet-greengram revealed that 
closer spacing of 10 cm for both com­

ponent crops offered severe competition 
to the prinl.:ipal crop and gave the lowest 
yield (202 kg/ha). Keeping pearl millet 
plants at 15 cm apart with greengram 

(intercropl plant spacing of 20 cm resuhed 
in maximum grain yield of 1183 kgJha 
(CAZRI, 19~5c). 

Table 12. Yield and land equivalent ratios (LER) of pearl millet intereropping systems 
(Panjab Singh and Joshi, 1980). 

Treatment Mean grain 

Pearl mIllet 

Uniform rows IT,) 1447 

Paired rows 30/10 ern (T.) 1385 

T. + Dewgram SR" 1249 

T. + Dewgram DR" 1274 

T, + Greengram SR 1197 

T. + Greengram DR 1157 

T. + Clusterbean SR 1327 

T, + Clusterbean DR 1249 

T. + Cowpea SR 1665 

T. + Cowpea DR 944 

T. + Sesame SR 1049 

T. + Sesame DR 1195 

... Single row, ... Double row 

2~ 

yield (kg/ha) 

Intel crop 

165 

381 

291 

458 

268 

381 

142 

273 

161 

291 

Mean tOlal 
LER 

0.95 

1.30 

1.54 

1.09 

1.19 

1.14 

1.21 

0.94 

0.91 

1.00 

1.31 



Soil moisture conservation and management 

With a few exceptions, about 500 mm 
rainfall is required in a growing season 
for good harvest. In the Jodhpur region 
the average seasonal rainfall during 

growing season is about 298 mm. There 
is, thus, a large gap between requirement 
and receipt. Low moisture retention 
capacity of soils, high infiltration rates 
and high evaporative demand further 
aggravate the situation. Dry land crops 
experience moisture stress during early or 
late' stages of growth, leading to low 
yields or to complete failure of crops. 
Raising crops under such conditions is a 
challenging task and needs a good deal of 

management. 

Surface mulcbes 

In sandy soils capillary continuity is 
poor. Water stored in deeper. layers, 
therefore, moves up very slowly in res­
ponse to the evaporation pull unless 
conditions are very harsh. After drying, a 
few centimetres of surface soil act as.a 
ll)ulch and evaporation from soil is 
negligible. Hence, use of mUlches may 
not be of much practical utility in arid 
soifs.' But, many a times drought occurs 
just after sowing. In such situations 
covering of soil "Surface with some mulches 
like grass waste, pearl millet husk and 

other organic wastes immediately after 

sowing may delay the rate of surface 
drying, promote better establishment of 
crop and result in higher yields. Singh 

(1977), discussing the meohanism of 

moisture loss through evaporation from 
loamy sand soits, opined that mulches 
played important role in conserving 
moisture till the 50% ground area was 
covered with crop canopy. Daulay et aJ. 
(1979) reported beneficial effects of Plulch 
in pearl millet crop during drougheyears. 
Gupta (1980), while comparing the effi­

ciency of organic and inorganic m'lIches. 
reported superiority of pOlyethylene mulch 
over organic mulch (Table 13). 

The beneficial effects of mulches could 
.be attrib.uted to better moisture con~er­

vation and reduct:d ht:at load on the 

surface. Higher albedo and consequent 
lower soil temperature with the use of 
wheat straw mulch as against grass mulch 
was recorded (CAZRI, 1975). In another 
study, Gupta and Gupta (1985) ob5erved 
that mulches not only conserved soil 
moi5ture by reducing the soil temperature 

but also considerably suppressed the weed 
growth. 
Slubble mulching and wind strip 
cropping 

Wind erosion is a serious problem of 



arid regions. Low rainfall, high wind 

velocity, scanty vegetatiqn and sandy soils 

are the causes for wind erosion. Wind 
speed may reach as high as 20-27 km/h 
in summer months in western Rajasthan. 

Adverse effect of wind mainly occurs in 
these months as ground vegetation cover 

during summer months is mInImum. 
Wind erosion is doubly harmful, as the 

damage is not only to the area from 
where the soil is blown but also to the 

area of its deposition 

One of the methods to overcome the 

problem of wind erosion could be the use 
of stubble mulch farming and growing 

wind strips. Misra (1962) reported de­

crease in wind erosion, and increase in soil 

organic matter and yield of pearl. millet 
when pearl millet stubbles of 45 cm height 

were left in the field at harvest. The 
p'ractice, however, has some limitations to 
its large scale adoption. The farmers of 
arid zones are reluctant to leave stubbles 
in the fields as these are used for animal 
feeding. Moreover, due to grazing by stray 
animals, it is difficult to maintain stubbles 

in the fields. Further, this practice is not 

so useful as it has nitrogen immobilising 

effect. Wind strips were found to help in 
controlling wind erosion (Misra et al., 
1966). Comparing the different materials 

for wind strips, they reported that perennial 
grass 'Sewan' as wind strip not only in­

creased th! yield of pearl millet by 9% 

over unprotected field but also provided 

nutritious fodder for animals. Like stubble 
mulching, this approach also nas limited 

scope to its adoption in the alld zone. 

Soil amendment and subsurface moisture 
barrier!' 

Arid soils, being sandy in texture, have 

low water retention capacity. In normal 

and good rainfall years, about 30-40% of 
seasonal rainfall is lost as deep 

percolation. Thus, there is need to con­
serve water against percolation loss. Water _ 

retention capacity oj light soils can be 
improved to some extent if soil amend­
ments are mixed with these soils. Surface 
application of FYM and Calotropis 
amendments incfea~ed the yield by 30% 
whereas subsurface application (15-20 cm 
deep) increased the grain yield by 

53% and 58%, respectively, over control 
(CAZRT, 1973). SlfIgh (1973) reported 

higher soil moisture status and yield of 
pearl millet with the use of Calotropis as 
organic amendment. The increase in 

yield was due to more availabIlity of 
soil nutrients wIth the application of 
Calolropis (Aggarwal and Sharma, 1980). 

Table 13. Effect of mulches on yield and water use efficiency of pearl millet (Gupta, ]980). 

Treatment 

Polyethylene 
Pear] millet husk 
Control 

Grain 
yield 

(kgjha) 

2900 
2300 
1740 

25 

Water use 
(mm) 

279 
269 
291 

Water use 
efficiency 

(kg grainjmmjha) 

IDA 
85 
6.0 



Gupta et al. (1979) reported 40-50% 
increase in the grain yield of pearl millet 
(Bl 104) with the application of 76 t/ha 
of pond sediments (Table 14). The in-

crease in yield was caused by higher 
moisture retention, addition of nitrogen 

and organic matter through the amend­
ments. 

Table 14. Effect of pond sediments on yield and water use by pearl millet (Gupta et al., 

1979). 

Pond sediments Grain yield 
(t/ha) (kg/ha) 

0 1280 
38 1540 
76 1860 

114 1735 
152 1765 

Use of asphalt as a subsurface barrier 
(2 mm thick at 60 em depth) increased 

water and nitrogen retention by 100%, 
which led to 40-50% increase in the yield 
of pearl millet over control (Gupta and 
Aggarwal, 1980). 

Large scale use of these barriers has 
limited scope owing to non-availability of 
implements with the farmers to in­
corporate the barriers at the desired depth 
besides the higher cost of barriers. 
Availability of suitable implements and 
cheaper bar'rier material would enhance 
the prospects of this practice at least on a 

small scale. 

Water harvesting 
Water harvesting is the harnessing of 

rain water from treated or untreated 
catchments. Its success largely depends 
on soil, climate, type of vegetation. 
Owing to'low moisture retention capacity 
and high infiltration rates, the scope 
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Water use Water use 
(mm) efficiency 

(kg/mm/ha) 

228 5.73 
247 6.30 
283 6.76 
322 5.67 
286 6.28 

of in situ water harvesting in desert 
soils is limited. In the years when rainfall 

was high or concentrated in a small 

period during the season the practice did 
not prove to be advantageous. On the 
other hand, i:1 the years when rainfall 
was low to normal, well distributed and 
the intensity was low, the practice showed 
promise (Singh, 1982). 

Stu<!ies conducted at this Institute 
reveal that there are two efficient systems 
of in siiu water harvesting i. e inter-plot 
and inter-row. Results of these studies 
have shown that by cropping only two­
third of the field and leaving one-third 
as catchment (75 cm catchment on both 
sides, with a slope of 5% towards the 
catchment of 3 metre Width) increased the 
yield orpearl millet by 121%(Singh, et al. 
1973) and 85% (Singh, 1985) over 
control in different years with different 
rainfall intensities. This system of water 



harvesting also resulted in one-third 

saving of inputs besides higher yield 
compared to normal cropping. The inter­
row water harvesting system was designed 
in modification of inter-plot system to 
save the area under catchment. 

The threshold rainfall to produce run­
off frqm the catchment sealed with a layer 
of pond sediments is 4.5 mm. Average of 
85 years rainfall (1901-1985) shows that 

percentage of showers equal to or less 
than 4.5 mm is about fifty. The efficient 
use of these light rains could be achieved 
by covering the catchment with sealants. 
Seal'lnts like 'Janta' emulsion, plastic sheet 
and pond silt were found promising for 
pearl roiJler. Maximum increase was ob­
tained with plastic cover over flat surface 
control (CAZRI, 1985a). 

Light rains could further be utilized 
efficiently with the use of proper planting 
geometry. Integration of double row 
planting geometry (DR 25/75 cm) into 
water harvesting revealed that outer row 
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(adjacent to catchment) gave higher grain 
yield than the rows located in the centre 
of cropped area (CAZRI, 1978a). The 

yield advantage in DR was mainly due to 

the fact that in this system out of six 
rows, fOlJr rows were benefitted whereas 
in RR (regular row geometry) only two 
rows _ adjacent to catchment got the 

advantage of runoff from light showers. 

Another approach to water harvesting 
is collection of runoff for recycling as 

supplemental Or life saving irrigations. 
In the drought prone areas it may be 
desirable to set apart a pMtion of the 
total land for water harvesting. The 
harvested water can be collected or stored 
in a pond to give supplemental or life 

saving irrigation to crop when it ~uffers 

from moisture stress (Mann and Singh, 
1978). The yield increase due to life saving 

irrigation varied from 7 to 337% depen­
ding upon the severity of drought. method 
of sowing, depth of water applied and 
stage of growth at which irrigation was 
given. 



Stress tolerance 

Drought effects 

Occurrence of agricultural droughts is 

frequent in the arid zone. Although pearl 
millet is less susceptible to drought than 
legumes (Ramakrishna et al., 1981; Sastri 
et al., 1981 and Sastri et al., 1984), its 
yields are adversely affected (Rao et al., 
1984 and 1986). Joshi (1988) reported 
relatively lower yield reductions in pearl 
millet than small millets under moderate 
drought conditions. Ramakrishna et al. 
(1985) reported that mild, moderate and 
severe droughts reduced the pearl millet 

yields by 37.7, 72.5 and 82.0%, respectively, 
from normal average yield of 345 kg/ha 
as base in western Rajasthan (Table 15). 

Table 15. Average grain yield of pearl millet 
under various intensities of agri­
cultural droughts in western Rajas­
than (Ramakrhhna et al.,' 1985). 

Intensity of Grain yield Yield reduc-
agricu Itu ral (kg/ha) tion ·from 
droughts normal(%) 

Nil 345 

Mild 215 37.7 

Moderate 95 72.5 

Sl!vere 62 82.0 

Drought may occur at any stage of 
growth but the probability of early drou­
ght is less (20%) than late drought (40%). 

The influence of drought on crop yield 
was found to vary with the age of crop 
(Lahiri and Kharabanda, [965 and Lahiri 

and Kumar, 1966) It was observed that 

drought had, in general, less adverse effect 
at early stage of growth as compared to 

later stages of growth, the highest being at 

the onset of reproductive stage. Lahiri and 
Singh ( 1968) reported that water stress re­
sulted in adverse effects on nitrogen meta­
bolism Garg et al. (198 I) found consider­
able reduction of soluble proteins, reduc­
ing sugars and enzymes (Table 16) 

A part from water stres" plants grown 
in arid environment also suffer from the 
adverse ffects of high temperature Like 
water stress, high temperature also influ­
ences the nitrogen meta bo[ism and effects 
of high temperature are more significant 

when plants are exposed to such conditions 
for more than six hours (Lahiri and Singh, 

1969). From these studies it is evident that 
water and heat stress influnce the activities 

of enzymes responsible for metabolism. It 
is, thus, implied that the ability' of a plant 
to endure heat and water stress depends 
large[y on the formation of enzyme sys-



terns. Different measures have been tried 
to evade drought effects. Adequate nutri­
tion and early plant vigour may influence 
the activities and thermostability of enzy­
mes (Lahiri et al., 1973) and consequently 

help the plant to endure heat stress. Lahiri 
and Kathju (J 973) reported higher activi­
ties and thermostability of hydrolysing 
enzymes in the leaves of pearl millet under 

high soil fertility as compared to those 
obtained from low fertility conditior.. 

Differential varietal susceptibility to 
drought has also been ·observed. Misra 
and Daulay (1963) reported that variety 
JTR (Jet~ar) was more tolerant to drought 

as compared to other varieties. Studies 
undertaken by Lahiri and Singh (1970) on 

different varieties of pearl millet showed 

that under high critical soil moisture con­
ditions the varietal traits were not discer­
nible. However, in less critical conditions 
hybrid variety was found more tolerant to 
water stress than local variety. Thus, 
choice of variety may play an important 

role in evading drought effects. 

Antitranspirants and reflectants have 

also been tried to minimise drought effects. 

Foliar spray of morphactin, claimed to 

be a promising antitranspirant was found 

to be ineffective in reducing water 
requirement of plants under low moisture 
regimes (Kackar et al., 1978). 

Joshi and Panjab Singh (1981) repor­
ted that spray of atrazine (100 ppm), when 
drought sets in, gave significantly higher 
grain yield than other treatmen 1s. Other 
cultural practices like growing of pearl 

millet in paired row and removal of every 

alternate row also gave significantly higher 

yields than control. Supplemental irriga­
tion, wherever possible, at the onset of 

drought, is also a remedy for mitigating 
the effect of drought (Singh, 1984). 

Soil salinity and use of saline water 

In the arid parts of Rajasthan, nearly 
84% of the area has groundwater with Ee 
over 2.2 mmhos/em, unfit for irrigation as 
per the internationally accepted norms'. 
For want of good quality of water, saline 
waters remain the main source to supple­
ment crop water requirement under low 
and erratic rainfall condi lions. The tech­
nIques for use of saline waleTS, thus assu­
me great importance. The work on a ftw 

Table 16. Effect of water stress on soluble protein. reducing sugars, starch and activities of 

certain enzymes in the leaves of pearl millet L.V. BJ 104 (Garg et aI., 1981). 

Biochemical component 

Soluble proteins (mg/g dry matter) 
RedUcing sugars (mg/g dry matter) 
Starch (mg/g dry matter) 
Amylase (mg starch hydrolysed/g dry matter/h) 
Invertase(mg glucose formed/g dry matter/h) 
Nitrate reductase (mg nitrate formed/g dry matter/h) 
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Connol 

10.37 
10.73 
205.2 
788.2 
288.0 
189.1 

Wilted 

1.7 
92 

143.0 
51.2 
56.4 

175.6 



aspects of toe use of saline water has been 
done at CAZRf. 

Not only tbe crops show differential 
response to saline water but also the varie­
ties of a crop. A pot study (Abichandani 
and Bhatt, 1965) on the germination of 
thirty three varieties conducted to deter­
mine their salt tolerance showed that the 
pearl millet cultivar AF3 from Bombay 
and Cumbu X3 from Madras stood fairly 

well upto 20 mmhos of water as compared 
to other varieties. On the other hand, Garg 
et 01. (19 84a) did not find significant 
differences in the yield behaviour of cv. BJ 
104 and Babapuri. Manga and Saxena 
(1981) observed that variety BI 104 did 
not show any significant decrease in ger­
mination upto 5 mmhos/cm EC. 

Varieties known for salt tolerance at 
germination stage may not necessarily be 
tolerant at later stages of growth. In a 
labqratory study (CAZRI, 1970), the pearl 
millet strain No.24 (Raniwas) showed the 
highest germination in 24 mmhos solution 
but this trend was not consistent with root 
and shoot growth of seedlings. In another 
study, the germination of Babapuri variety 
was maximum (94%) even at 15 mmbos 
water while lengths' of radical and plumule 
were maximum for BI 104 at the same 
level of saline water (Saxena and 
Kolarkar, 1981). 
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In the arid zone, sharp decline in soil 
moisture after major rainfall incidence in 
August is often observed. The water stress~ 
thus, coincides with sensitive reproductive 
stage of pearl millet and affects the yield 
adversely. Irrigation, if available at this 
stage, will definitely impart stability 
to crop production. Irrigation with 
saline water at this stage needs careful 
evaluation of the consequences of 
saline water on the Jgrowth and yield of 
drought affected crop. There are evidences 
that significantly higher dry matter pro­
duction and grain yield (Table 17) were 
achieved when drought at critical stage 
was avoided by irrigating the ·crop with 
saline water having salinity level of 160 
mell (Garg et 01., 1984b). Different varie­
ties showed differential responses to saline 
waters. Irrigation with saline waters of 2.7 
to 12 mmhos showed that variety BI 104 
was relatively more tolerant than other 
varieties (CAZRI, 1983d). 

The adverse effect of saline waters 
could be reduced with the use of soil 
amendments. Application of gypsum de­
creased the salt concentration in root zone 
·by 25% and also increased grain yield by 
10-30% over control with different varie­
ties (CAZRI. 1983d). 



Table 17. Effect of saline waters on dry matter production a!1d grain yield (g/plant) of water 
stressed and unstressed plants (Garg.el al , 1984 b), 

Dry matter Gralll yield 
Salinity level (me/I) v.lth water without water with water without 

stress stress stress ",ater stress 

0 9.50 11.93 2.19 471 

80 9.00 11.50 1.92 3.26 

HiO 8.71 11.08 1.48 3.69 

240 8.10 10.84 1.10 2.90 

I.SD(5%) 

Salinity (S) 0.77 NS 0.87 1.14 

Drought (D) 0.55 0.72 0.61 0.80 

SX D 1.09 1.43 1.23 1.62 
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Plant protection 

Insect pest manage men. 

White grubs rHolotrichia consanguinea 
and H. reynaudi (synonym H. insularis)J 
and termites (Microcerotermes tenuigna­
thus Holmgren) are important soil pests 
in arid zones. Pearl millet is also attacked 
by various foliar pests like grey weevil 
(My/locerus maculosus). delphacids. mirid 

bugs, leaf roller, blister beetles, red hairy 

caterpillar and ear worms but none is so 
serious. The only foliar pests warranting 
control measures are the grey weevil, red 
hairy caterpillar, leaf roller and occasion­
ally beetles and worms attacking heads. 
Among these, grey weevil is the only regu­
lar pest whereas other pests appear only 
in certain years. Apart from insects, the 

house sparrow [!asser domes/iclls Linn .. 

(Ploceidae, 'Aves)] is also' reponed to 
. damage pearl millet crop considerably. 

Chemical control of white grubs has met 

with little success, partly tecause of the size 

of larvae and their habit of going deeper 
into the soil and, because of the high cost 
of effective insecticides. However, studies 
indicate that the incidence of this pest can 

b!! reduced to some extent Pal and Doval 
(1970) reported that use of lindane and 

th_iodemeton granules (I kg a.i./ha) was 
highly successful and economical in con-

trolling H. reynaudi (Table IS). In another 
study, the use of sevidol (Carbaryl: BHC, 
4 : 4) at the rate of 25 kg/ha and BHC 

10% dust have been found quite effective 
against white grub (Sachan a~d Pal, 1976). 
Verma (1987) discussing the merits and 
demerits of different methods of controll­
ing white grubs reported that satisfactory 
and economic control of this insect could 
be achieved with the drilling of finely 
ground 60 kg dry FYM and 40 kg BHC 
dust/ha into seed furrow before sowing. 

He also suggested that the approach to 
control white grub should be in the form 
of a campaign at community level. 

Tern.ites are controlled successfully 
when steps are taken before sowing. Soil 
treatment with dusts like aldrin (5%), 
BHC (I0%) or chlordane or heptachlor 
(5%) at the time of land preparation is 

effective. Seed treatment with aldrin dust 
(20 to 50 g/kg of seed) or liquid aldrin 

(Sml 30% EC/kg seed) is also recommended 
if the termite damage is expected. If soil 
treatment is not done before sowi ng, 
application of 2-4 litres of aldrin 
(30% EC/ha) with irrigation water in 

standing crop can be resorted to if 
irrigation facilities are available. Joshi 
et af. (1984) reported successful control of 



termite by treating the soil with BHC 

dust ( 10%) @ 25 kg/ha before sowing. 

Most of the foliar pests are controlled 
by dusting BHC or parathion or any 

other insecticide. Any contact insecticide 
can control the attack of Myllocerus 

effectively (Pal, 1971). Red hairy 

caterpillar may be a menace to pearl millet 
crop only during early stage of the crop. 

After that. crop can easily withstand the 
attack. Several control measures have 

been suggested to reduce the menace of 

red hairy caterpillar. Verma (1980) repor­

ted that ethyl parathion (0.05%) caused 
significantly higher mortality to cater­

pillars and also brought about significant 

reduction In the remaining larval 

population. However, due to its serious 
handling hazards, spray of other insecti­
ciJes like quinalphos (0.04%), fenitrothion 

(005%) or methyl parathion (005%) was 
recommended. He also suggested the use 
of wetting agent in spray to get greater 
efficiency. Verma I] 981), comparing the 
tield efficacy of antifeedant and some 

contact insecticides, indicated that 

combined use of antifeedant TPTA and 

effective insecticides was found promIsing 

to control full grown larvae of Amsacfa 
moorei Butler. 

Among bird pests the house sparrow 
(P. domesticus) as mentioned earlier is 

most common and destructive. Farmers 
reduce bird damage by various means of 
scaring. It is believed that awned varieties 

and those in which anthers remain stuck 

to the ears for longer periods are less 

damaged by birds. But no such obser­

vations were pointed by Jain and Prakash 

(1974). On the other hand, Verma (1984) 

reported that though the yields of both 
awned and awnless varieties were 
statistically similar, the former had rela­
tively less bird damage as compared to 
the latter, suggesting that awned varieties 

could be considered bird resistant in arid 

zone. From these studies it also emerged 

that hybrids were more susceptible to 

bird damage than the locals. 

Disease management 

Several diseases are known to infect pearl 

Table 18. Relative effectiveness of different insecticides (I kg a. i./ha) fM the control of white 
grubs (Pal alld Doval, 1970). 

Treatment 

Thiodemeton 5% 

Phorate 10% 
BHC 10% 
Lindane 6% 
Dimethoate 5% 

Control 

Extent of plant infes­
tatIOn at pre-harvest 

stage 

30.0 
50.0 
400 
20.0 
30.0 
700 
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Mean post-harvest 
population of 

white grubs/0.3 cu m 

1.0 
3.0 
1.0 
0.5 
1.0 
5.0 

Mean grain 
yield 

(kg/24 sq m) 

4.9 
3.8 
3.8 
4.9 
4.6 
3.7 



millet but downy mildew, ergot and smut 
are more important which often occur 
and cause considerable losses to the crop. 
Downy mildew or green car disease is 
caused by Sclerospora graminicola (Sacc.) 

Schroet. High soil moisture has been 

found to counteract the primary infection 
of this disease (CAZRI, 1984b). 
Secondary spread of the disease through 
sporangia that takes place at a 'simple 
interest rate' was found to play a major 

role in spreading the disease further. 
Sporangial production was nocturnal and 
maximum number of sporangia (1.3 x 105/ 

cm2 of leaf) were found at 3 a.m. The 

period for sporangial production from 
individual plants varied from 4 to 21 days. 
High relative humidity (90% in the 
morning and 70% in the evening), 

moderate temperature (25°C minimum 

and 31 °C maximum), good sunshine 

(around 5 hi day) and mild rainfall 
favoured rapid secondary spread (C AZR I, 
1983c). 

Seeds of variety resistant to downy 
mildew were found to have more sugar 
and less crude protein content than the 
susc~ptible ones. Gupta and Gupta 
(1984) reported increase of non-reducing 
sugars and crude protein contef!t in leaves 

and of reducing, non-reducing and total 
sugars in the roots of resistant variety due 

to downy mildew infection. Studies 
conducted on various management aspects 
of this disease revealed that soil appli­

cation of ZnS04 (15-30 kg/hal or boric 

acid (5 kg/ha) and two sprays of sodium 
molybdate (0.5 kg/ha each) minimised 
pnmary infection and secondary spread 
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of downy mildew, respectively (Panjab 
Singh and Aggarwal, 1979 and CAZRI. 
1983b). Application of FYM over seed 
furrows was also found helpful in chec­
king the primary infection of the disease. 

Gupta (1984) reported that treatment of 
seed with systemic fungicide Apron 35 
SO (3 g a. i./kg seed) followed by two 
sprays of Ridomil 25 WP (0.1% a. i.) were 
effective in controlling the disease. Culti­
vation of resistant varieties like CM 46, 
BD III, WC C 75, MBR 110 and GHB 
27 has also been suggested (Joshi et al., 
1984). 

Ergot disease caused by Claviceps 
fuslformis Loveless was found to have 

close relationship with the climatological 
parameters (Saxena et af., 1978). Gupta 
et al. (1983) reported daily optimum 

weather conditions for the disease develop­
ment as 12 mm rainfall, 75% relative 
humidity, 20°C atmospheric temperature 

and sunshine for 6 hours from protogyny 
to early anthesis period (Fig. 3). 

Smut caused by Tolyposporium peni­
cillar~ae Bref. may cause 40% crop losses 
under favourable conditions. The disease 

is favoured by high humidity and high 
temperature during flowering. Smut 
management studIes revealed that three 

sprays of calixin (0.1 %) or Dithane M-45 

(0 25%) were effective in controlling this 

disease (Gupta, 1984). Varieties CM 46, 
CJ 104 and MBH 110 have also shown 
resistance to smut as 
varieties developed 

(Joshi et al., 1984). 

compared to other 
from 5I4lA line 
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Pearl millet was recorded as a new host 
for Aspergillus phoenicis (Corda) Thorn., 

Drechslera hawaiiensis Ellis, D. coloca­

siae Tandon & Bhargava, D. spiCljera 

(Bainier) Von. Arx, Chae(omium globo­

slim Kunze ex Stendel., Acremonium 

35 

strictum W. Gams, Fusarium oxy~porul11 

Schlecht., F longipes Wollenw. & Reink, 
F eqlliseti (Corda) Sacc., Syncephalastrllm 

racemOSlIln and Aspergillus terreus Thorn. 
(Lodbaetal.,1986). 



Crop energetics 

The commercial energy input, which 
largely depends on fast depleting 
non-renewable sources of energy, has im­
mensely increased crop production in 
recent years. Despitp. modest energy use 

in rainfed 'lgriculture, pearl millet produc­
tivity has also become highly dependent 
on commercial energy inputs. Some of 
the evolved technologies were, therefore, 
assessed from energy use efficiency point 
of view (Joshi, 1988a). The efficient utiliza­
tion .of inputs largely depends on the 
quantity and distribution of rainfall. The 
analysis of two typical rainfall years 
showed that in good rainfall year, pearl 

millet gave as high as 126852 MJ/ha total 
energy output while in below normal 
rainfall year (152 mm), the energy output 
was 253-18 MJ/ha for the same' quantum 
of energy input (9246 MJjha). This resul­
ted in higher energy output per unit in­
put (Eo: Ei) value of 13.71 in good year 

compared to Eo: Ei of 2.74 in subnormal 
rainfall year. 

In another study, applicatian of 40 kg 
N/ha with one manual weeding involving 
8034.MJ/ha total energy input resulted in 
total energy output of 39817 MJ /ha Com­
pared. to 27226, MJ/ha output with­
out nitrogen. The nitrogen accounted for 

12591 MJ and the weeding for 21886 
MJ/ha energy output. Combined applica­
tion of these resulted in complementarity 
of 15.48% over simple additive effects, 
thus making integrated use of ,inputs as 
more efficient. The least specific energy 

of 1.76 MJ/kg biomass, with the highest 
Eo:Ei (7.45) was recorded by the applica­
tion of 40 kg N/ha together with herbicide 
application. 

Energy output per unit of input varied 
with the cultivars and BJ 104 was the 
most efficient. The energy output could be 
further augmented by intercropping grain 
legumes with pearl millet (Table 19). The 
intercrops clusterbean, dewgram and 
greengram, with only 91 MJ/ha extra 
energy inp_ut resulted in 7938, 3810 and 
2215 MJ/ha additional energy output, 
respectively. The paired planting with ]05 

plants/ha proved to be energy efficient 
system for intercropping as it gave signifi­
cantly higher energy output over uniform 
row planting in subnormal rainfall year 
and similar energy output in normal 
rainfall year, 

Joshi (1988b) worked out radiant 
energy useefficiency (REUE) of pearl 
millet. The maximum REUE (1.77%) was 
recorded during 41-50 day period with an 
overall efficiency of 0 65 per cent. 
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Research thrusts for future 

As a result of almost 30 years of 
research efforts, the productivity of pearl 
millet in the arid Rajasthan rose from 188 
kg/ha in 50's to 255 kg/ha in 70's but, 
maladies afflicting crop producton being 
numerous, lot more of concerted research 
efforts are needed to arrive at tangible 
results. Some of important future lines of 
wOIk are indicated below: 

Crop improvement 

.Cultivation of improved varieties/hy­
brids has contributed less than the 
expected increase in productivity of arid 
zone. Unfortunately the hybrids reco­
mmended for cultivation in the region do 
not perfectly match with the rainfall 
rhythm of the area and often suffer late 
season drou'ghts. The bybrids, though 
efficient utilizers of moisture and ~utrients 
and endowed with better productivity, are 
vulnerable to various pests and diseases 
on account of their narrow genetic 

base. Incidence of diseases, especia!ly 
downy mildew, eroded. the faith of 
farmers to adopt hybrids over existing 
locals. On the other hand, composites/syn­
thetics, ha'ving a broad genetic base, are 
well buffered against environmental 
fluctuations but do not have high produc­
tivity. The drought and salinity resistance 

should also receive priority in crop 
development programmes. Thus, develop­
ment of a perfect ideotype for the arid 
conditions is much required for boosting 

the productivity in the region .. 

Tillage management 

Proper tillage in arid zone is important 
not only for the control of weeds and 
preparation of adequate medium for seed a 
germination and subsequent plant growth 

but also for conservation of moisture and 
efficient utilization of energy. Arable lands 
in arid zones are highly vulnerable to 
wind erosion and hence conservation till­
age, both with respect to water and soil, is 

essential. The emphasis has to be on 
. reducing the tillage input itself in conso­
nance with other production practices. 

Crop stand establisbment 

Soil crusting is a very serious problem 
in arid regions. Some luke-warm efforts 
have been made to solve the problem and 
it is not surprising, therefore, that the 
problem still persists. Application of 
FYM over seed furrows has helped in 
achieving satisfactory plant population 
on small scale only for want' of proper 
applicators. M j"j ng of legume seeds 
with pearl millet appears ameliorative but 



the technique needs standardization by 
in-depth studies. 

Soil fertility managements 

Considera ble work has been done on 

soil fertility management aspect but most 
of it has been done in piece meal. ~he 

soil fertility management needs to be 
considered in a holistic manner for at least 
five year cropping plan with judicious 

incorporation of chemical and biofertili­
zers, manures, crop rotation and 
intercropping systems. Precise informa­
tion on the relationship between plant 
population for sol<! and intercropping 

systems and fertilizer use for a given 
quantum of water available in soil profile 
is still required to be worked out for 
improving fertilizer use efficiency. There 
is great scope for increasing the nitrogen 
use efficiency a~ we have not achieved 

so far further to 50% N use efficiency 
under the best of arid experimental 
conditions. M icronutrients, particularly 
in drought years, have given beneficial 

effects r n-depth studies are needed to 

explain and quantify such relationships. 

Weed management 

Weed management studies have rather 
been fragmentary especially for newer 

more selective herbicides. The aspect of 
retention of weedicides in soil and the 

residual effects remained untouched in the 
past. Proper weed management methods 
in various intercropping systems involving 

pearl millet and legumes are yet to be 
worked out. No work has yet been done 

on Striga sp., the important root parasite 
of pearl millet. Intensified research 

39 

efforts in these directions are urgently 
called for. 

Soil moi!iture conservation and 
manag~ment 

Water harvesting systems, appropriate 
to varying land characteristics and rainfall 
patterns obtained in different agro micro­
climates of arid zone, are to be perfected 
to avert crop failures. Crop life saving 

irrigation research including rutloff 
recycling procedures should form an 
integral part of any water harvesting 

research. A relationship between catch­
ment and farm pond size is still to be 
established. Basic information on moisture 
retention and its rate of release in respect 
of major landforms and soil series is 
lacking. Moisture movement characteri­

stics operative under different agronomic 
practices should be investigated by soil 

physicist in detail in collaboration with 
agronomists. Search for cheaper materials 
or mulching, soil amendments and 
subsurface barriers, and development of 
suitable implements for ;their proper 
placement are all the more desirable. 

Tolerance to stress 

Occurrence of drought is not an un­
common phenomenon in arid zone. Some 
physiological aspects of the effect of 
drought on pearl mtllet have been studied 
but detailed studies on drought evasion 

using reflectants, antitranspirants and 

cultural methods are required. Drought 
evasion studies with regard to plant 
population in different pearl millet 
planting systems are required to be taken 



up. The possibility of using saline waters 
for life saving irrigations,crop stage-salini­
ty tolerance relationship, soil salinity build 
up, use of amendments and fertility 
management relationships are some of the 

important aspects to be studied. 

PJant protection 

Management of pests and diseases in 
poor man's crop like pearl millet requires 
emphasis on cultural and mechanical 
methods. Varieties resistant to downy 
mildew and smut have been developed but 
so far success in practical resistance to 
ergot appears to be far olf Epidemiologi­
cal and off-season bioecolugical studies 
based on edaphic and climatic factors can 
help forecast and take prophylactic 
measures to combat foreseen epidemics of 
pests and diseases .. Monitoring of pest 
outbreaks, resistance to insecticides and 
(ungicides, studies on seed pathology, 
post harvest studies on varietal reaction to , 
storage pests and effects of various 
cropping systems and nutrient applicaton 
levels on the pest incidence are some of 
the areas requiring greater attention of 
protection scientists. 

Agrometeorology 

Microclimate studies in relation to 
pearl millet planting systems and crop 
management practices evolved for arid 
zone should be taken up so as to utilize 
the abundant solar energy and scarce 
water resources to the best advantage for 
optimising productivity per unit area, time 
and moisture. 
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Energy management 

Energy is the key factor of concern III 

agricultural production. We have to 
develop methods to get larger output of 
food and biological energy for every 
input of commercial energy. Huge 

amounts of non-renewable energy is used 
e\en in arid zone agriculture in the form 
of chemical fertilizers, fossil fuels and 
electricity. This energy can well be 
conserved by improving tillage, water and 
fertilizer use efficiencies. 

Farm implements 

Limited efforts have been made to 
improve the efficiency of implements 
already available with arid zone farmer. 
Though placement of urea in seed 
furrows in moist zone is essential to 
increase the fertilizer use efficiency, large 
scale adoption of this practice remains 
for want of appropriate bullock drawn 
seed-cum-fertilizer drills. Similarly, the 
deep placement of sub~urface barriers and 
water harvesting are not practised for 
want of suitable implements Research 
efforts should, therefore, be directed 
towards improvement of local implements 
and fabrication of suitable new impleme­
nts with feasibIlity and acceptability 
potential. 

Conservation farming 

Increasing demand for food calls for 
high emphasis on conservation farming. 
Time has come to recycle each and every 
by-product of crop and livestock farming. 
For each micro-agroclimatic zone of arid 

region, suitable farming systems including 



crop, live stock and farm forestry have to 
be worked out. Agronomists need to 
interact closely with animal husbandry 
and farm forestry scientists to develop 
successful conservation farming systems. 

Systems analysis 

Development of mathematical models 
is one of the most powerful means known 
for sorting out and describing complex 
systems and thereby providing us with a 
way to evaluate and analyse the various 
interactions going on within an ecosystem. 
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Simulation modelling is an effective 
approach to interpreting the inter-relation­
ships between weather and physiological 
processes leading to final yield. Currenlly 
no simulation model for pearl millet is 
available. A minfmum data set required 
for developing and testing the model 
should be identified. To make the team 
efforts successful and to understand the 
whole system of crop production, it is 
suggested that the approach of 

system analysis and modelling should find 
a place in future research. 



References 

Abichandani,. C. T. and Bhatt, P. N. 
1965. Salt tolerance at germination 
of bajra (Pennisetum typhoides) and 

jowar (Sorghum vulgare) varieties. 

Ann. Arid Zone 4: 36-42. 

Aggarwal, R. K. 1985. Integrated soil 
fertility management for increasing the 

productivity of pearl millet in arid 
lands. Paper presented in F. A .1. 

Seminar on available technology and 

strategy for promoting fertilizer use in 
dry land area, held at Varanasi, 4-5 

April, 1982. 

Aggarwal, R. K. and Kaul, P. 1978. Loss 
of nitrogen as ammonia volatilization 
from urea on loamy sand soil of Jodh­
pur. 'Ann. Arid Zone 17: 242-245. 

Aggarwal, R. K. and Panjab Singh. ,1978. 

Effect of Zn and P levels on the 

concentration and uptake of Nand 
N/Zn ratio in rainfed pearl millet 
(Pennisetum typhoides S. & H.). Ann. 
Arid Zone 17: 267-272. 

Aggarwal, R. K., Raina, P. and Kumar, 
P. 1987. Ammonia volatilization 

losses from urea and their possible 
management for increasing nitrogen 

us~ efficiency i'n arid region. J. Arid 

Environ. 13: 163-168. 

Aggarwal R. K. and Sharma, V.K. 1980. 

Availability of nitrogen and phos-

phorus during the decomposition of 
Calotropis procera (Aak) 'in desert 
sandy soil. J. Indian Soc. Soil Sci. 
28: 407-409. 

CAZRJ. 1961. Annual report. Central 

Arid Zone Research Institute, Jodhpur. 
p.68. 

CAZRI. 1965. Ibid. r· Sf) 

CAZRI. 1970. Ibid. p. 57. 
CAZRI. 1973. Ibid. p. 196. 

CAZRI. 1975. Ibid. p. 147. 

CAZRI. 1976. Ibid. p. 270. 

C'AZRI. 1977. Ibid. p. 186 
CAZRJ. -1978a. Ibid. P. 143. 
CAZR[. 1978b. Ibid. pp. 145-147. 

CAZRI. 1978c. Ibid. p. 191. 
CAZRJ. 1978d. Ibid p. 192. 

CAZRI. 1980. Ibid (Mimeo). p.96. 
CAZRI. 1982. Ibid. D. 171. 

CAZRl. 1983a. Ibid. p. 157. 

CAZRI. 1983b. Ibid. p. 23 I. 
CAZRI. 1983c. Ibid. p. 232. 

CAZRJ. 1983d. Ibid. P 237. 

CAZRI. 1984a. Ibid. p. 126 .. 

CAZRI. 1984b. Ibid. p. 204. 
CAZRl. 1984c. Ibid p. 217. 



CAZRI. 
CAZRI. 
CAZRI. 

1985a. Ibid. p. 113. 
t 985b. Ibid. p. 191. 
1985c. Ibid. p. 192. 

Chaudhary, B. S., Subba Rao, G. V., 
Saxena, M. B. L. and Manga, V. K. 
1981. Note un the phenotypic stabi­
lity in population Vs hybrids of pearl 
millet. Indian J. agric. Sci. 51 : 

457-458. 

Daulay, H. S., Singh, H. P., Singh, R. P. 
I 

and Singh, K. C. 1979. Effect of di-
fferent mulches on yield and moisture 
use of pearl millet (Pennisetum typ­
hoidf;s). Ann. Arid Zone 18: 108-115. 

DauJay, H. S., Singh, R. P. and Singh, K. 
C. 1978. Studies on the relative effi­
ciency of bajra (Pennisetllm typhoides) 
and moong (Vigflu radiata) varieties in 

utilising rainfall and stored soil mois­
ture on dryJands of western Rajasthan. 
Ann. Arid Zone 17: 19-29. 

Dhir, R. P. 1977. Western Rajasthan 
soils: their characteristics and proper­
ties. In Desertification and its Control. 
ICAR, New Delhi. pp. 102-115. 

Garg, B. K., Kathju, S., Lahiri, A. N. 
and Vyas, S. P. 1981. Drought resi­
stance In pearl millet. Bi%gia 
Plantarllm (Praha). 23: 182-185. 

Garg, B. K., Vyas, S. P., Kathju, S. and 
Lahiri, A. N. 1984. Effect of saline 
waters on pearl millet under drought. 
Ann. Arid Zone 23 : 41-45. 

Garg, B. K., Vyas, S. P., Kathju, S. and 
Lahiri, A. K. 1984a. Study of rela-

43 

tive consequences of waters and salt 
stresses in pearl millet. Sci. & Cult. 50: 
96-97. 

Gupta, G. K. 1984. Effectiveness of 

metalaxyl compounds and tridemorph 
against downy mildew and smut of 
pearl millet. Indian Phyfopath. 37 : 
391. 

Gupta, G. K. and Gupta, Ashok. 1984. 

Biochemical components of pearl 
millet varieties in relation to do\\> ny 
mildew infection. Ann. Arid Zone 
23: 269-274. 

Gupta, G. K., Subba Rao, G. V. and 
Saxena, M. B. L 1983. Relationship 
between meteorological factors and the 
occurrence of ergot disease (Claviceps 
microcephala) of pearl millet. Tropical 
Pest Management 29 : 321-324. 

Gupta, J P. 1980. Effect of mulches on 
moisture and thermal regimes of soil 
and yield of pearl millet. A1!n. Arid 
Zone 19: 132-138. 

Gupta, J. P and Aggarwal, R. K. 1980. 
Use of an asphalt subsurface barrier 

for improving the productivity of 
desert sandy soils. J. Arid Environ. 3 : 

215-222. 

Gupta, J. P., Aggarwal, R K., Gupta, 
G. N. and Kaul, P 1983. Effect of 

continuou~ application of farm yard 
manure and urea on soil properties 
and the production of pearl millet in 

western Rajasthan. Indian J. agric. 

Sci. 53: 53-56. 



Gupta, J. P., Aggarwal, R. K. and Kalil, 

P. 1979. Effect of the application of 
pond sediments on soil properties and 
yield of pearl millet and greengram in 
arid areas of western Rajasthan. Indian 
J. agric. Sci. 49 : 975-979. 

Gupta, J.P. aIld Gupta, G.N. 1982. Effect 
of post-emergence cultivation on 
weed growth, nutrient uptake and 
yield of pearl millet. Ann. Arid Zone 
21 : 241-247. 

Gupta, J.P. and Gupta, G.N. 1985. Effect 
of mulches on hydro-thermal environ­
ment of soil and crop production in 
arid western Rajasthan. Ann. Arid 
Zone 24 : 131-142. 

Jain, A.P. and Prakash, I. 1974. Bird 
damage in relation to varietal diffe­
rences in bajra crop. Arm. Arid Zone 
13 ; 139-144. 

Jain, G.L., Misra, O.K. and Raheja, P.C. 

1967. Uptake of copper with and 
without NPK by bajra (P. typhoides) 
and moth (Phaseo/us aconitifolius). 
Labdev J. Sci. Tech. 5 : 154-155. 

Joshi, 1:'l".L. 1984. Economics of fertilizer 
application in pearl millet production 
in arid areas. Fert. Mkt. New:-. 15 (3): 
]-4. 

Joshi, N.t. 1987. Seedling emergence and 
yield of pearl millet under naturally 
crusted arid soils in relation to sow\ng 
and cultural methods. Soil Tillage 
Res. 7: 103-112. 

Joshi, N.L. 1988a. Efficient use of energy 

44 

inputs in rainfed pearl millet. Agricul­
ture Ecosytems Environment (f n press). 

Joshi, N.L. 1988b. Millet yield under 
natural drought conditions on arid 
loamy sand soil: Cultivar differences, 
effect of planting dates and relative 
energy yield equivalencies. Arid soil 
Research and Rehabilitation 2: 203-216. 

Joshi, N.L. and Kalla, Jagdeesh C,1986. 
Economising nitrogen use for pearl 

millet in the Indian Arid Zone. Ann. 
Arid Zone 25: 321·325. 

Joshi, N.t. and Panjab Singh. 19RI. To­
wards higher bajra. yields in arid 
Rajasth-an. Indian Fmg. XXXI (7) : 
17. 

Joshi, N.L. and Panjab Singh. 1985. 
Additive and complementary effects of 
various agronomic inputs on the yield 
of pearl millet. Ann. Arid Zone 24 : 
218-222. 

Joshi, N.L. and Rao, A.V. 1988. Associa­
tive nitrogen fixation in pearl millet 
as influenced by N fertilizer under 
field conditions in arid tropics. 
.Tropical Agri. (Communicated). 

Joshi, N.L., Verma, S.K. and Gupta, 
G. K. 1984. Technology for higher 
bajra production in arid zone. Indian 
Fmg. XXXIV (7) : 33-35. 

Kackar, N.L., Kathju, S. and Lahiri, 
A. N. 1978. Influence of morphactin 

on pearl millet plants under water 
stress. Biologia Plantarum (Praha) 
20 : 425-430. 



lahiri, A.N. and Kathju, S. 1973. 
Influence of soil fertility on the 
thermostability of different enzymes of 
pearl millet leaves. Proc. Indian naln. 
Sci. Acad. B 37 : 705-709. 

Lahiri. A.N. and Kharabanda, B C. 
1965. Studies on plant-water relation­
ship. Effect of moisture deficit at 
various developmental stages of 
bulrush millet. Proc. naln. Insl. Sci. 
India B 31: 14-23. 

Lahiri, A.N. and KUl1lar, V. 1966. Studies 

on plant-water relationship lJI. Further 
studies on drought mediated alteration 
in the performance of hulru~h millet. 
Proc. naln. Inst. Sci. India B 32 .- 116. 

Lahiri, A.N. and Singh, S. 1968. Studies 
on plant-water relationship 'IV. Impact 
of water deprivation on the nitrogen 
metabolism of Pennisetum fyphoides. 
Proc. naln. InSf. Sci. India B 34: 
313-322. 

Lahiri, A.N. and Singh, S. 1969. Effect 
of hyperthermia on the nitrogen 
metabolism of Pennisetum typhoides. 
Proc. nam. Insl. Sci. India B 35.' 
131-138. 

Lahiri, A.N .·and Singb, S. 1970. Studies 
on plant-water relationship V. 
Influence of soil moisture on plant 

performance and nitrogen status of 
the sboot tissue. Proc. Indian nam. 
Sci. A cad. B 36: 112-125. 

Lahiri, A.N., Singh, S. and Kacker, N.L. 
1973. Studies on plant-water relation­
ship VI. Influence of nitrogen level on 

45 

the performance and nitrogen content 
of plants under drought. Proc. Indian 
natn. Sci. A cad. B 39 .' 77-90. 

Lodha, S., Gupta. G. K. and Saroj Singh. 
1986. Crop disea~e situation and some 
new records in Indian arid zone. 
Ann Arid Zone 25 .' 311 -320. 

Manga. V.K .• Gupta, B. S. and Saxena, 
M. B. L. 1985a. Path coefficient 
analysis in pearl millet. Ann. Arid 
Zone 24.' 2'5-29. 

Manga. V.K. and Saxena, M. B. L. 1981. 
Effect of salinity on germination and 
early seedling growth of different 
millet crops. Agric. Sci Digpst I: 
100- 102. 

Manga. V.K. and Saxena, M. B. L. 1985. 
Inter-relationship and path coefficient 
of yield and its components with 
synchrony of ear emergence in pearl 
millet. Crop Improv. 12: 130-132. 

Manga, V.K. and Saxena, M. B. L. 1986a. 
Genetic analysis of synchrony of ear 
emergence in pearl millet. Indian J. 
agric. Sci. 56 : 221-223. 

Manga. V.K. and Saxena. M. B. L. 1986b. 

Combining ability and heterosis for 
root and related traits in pearl millet. 
Indian J. agric. Sci. 56 : 164~167. 

Manga, V.K., Venkateswarlu, B. and 
Sax~na, M. B. L. 1985b. Gene action 
for nilrogenase activity in the rools of 
pearl millet. Indian J. agric. Sci. 55 : 

391-392. 

Mann. H.S. and Singh. R.P. 1977. Crop 



production in the Indian arid zone. 
In Desertification and its Control. 
leAR, New Delhi. pp. 215-234. 

A critical appraisal of two Penni:,etum 
typhoides varieties in arid zone. Ann. 
Arid Zone 5 : 36-43. 

Mann, H.S. and Singh, R. P. 1978. Misra, D.K. and Mathur, M. K. 1965. 

Central arid zone research inslitutt: 

achievements and current lines of 
work. Pert. News 23 (9): 22-29. 

Misra, O.K. 1962. Crop stubble can stem 
wind erosion in arid zone. Indian Fmg. 
XII (9) : 9-10. 

Misra, O.K. 1964. Bajra supplement. 
Indian Fmg. XIV (2) : 31-40. 

Misra, O.K. 1971. Agronomic investiga­
tions in arid zone. Proc. Symp. 
Problems of Indian Arid Zone. pp. 

165-169. 

Relative effectiveness of herbicides on 
weed growth in millet crop. Agric. 
Res. ICAR. 5 : 67. 

Misra, O.K. and Vijay kumar. 1962. 
Response of Pennisetlllll typhoides to 

weeding in arid zone farming. Indian 
J. Agron. 6: 260-269. 

Misra. D.K. and Vijay Kumar. 1963. 
Influence of depth of seedling on 
emergence, crop growth, crop stand 
and yield of P. typhoides in arid zones. 
Ann. Arid Zone 2: 114-122. 

Misra, M.N., Misra, D.K. and Ram 
Misra. O.K. and Bhattacharya, B. B. Prasad. 1966. Wind strip-cropping 

1966. Agronomic studies on crops in 
arid zone IV. Response of, Pennisetum 
typhoides to micronutrients. Indian J. 
Agron. 11 :178-184. 

Misra, D. K., Bhattacharya, B. B. and 
Vijay Kumar. 1966. Agronomic 
studies in arid zone II. Germination 
studie~ as influenced. by seed size', 
temperature and time interval of 
varieties of Pennisetum . typhoides. 
Indian J. Agron. II: 264-266. 

Misra, O.K. and Daulay, H.~. 1963. 
The response of bajra seedlings tQ soil 
drought. Indian J. Agron 7: 240-245. 

Misra, O.K., Manohar, M. S., Daulay, 
H. ·S., Jain, G. L., Vijay kumar., 
Mathur, M. K. and Jain, T. C. 1966. 

46 

increase grain yield in arid zone. 
It/dian Fmg. XVII (4) : 39-40. 

Misra. S.G. and Tiwari, R. C. 1964. 
Effect of ferti I i zers and pH on reten tion 
of copper by soils. J. Indian Soc. Soil 
Sci. 12 : 295-298. 

Pal, S.K. 1971. A new record of leaf 
weevil Myllocerus cardoni Marshall 
IColeoptera : Curculionidae) on bajra 
(Pennisetum typhoideum.). Labdev J. 
Sci. Tech. B 9: 138-139. 

Pal, S K. and Doval, S. L. 1970. Some 

observations on the white grub 
Holotriclzia insularis Brenske (Melo­

nthidae : Coleoptera) and its control 

in Jodhpur division of Rajasthan. 
Ann. Arid Zone 9: 151-156. 



Panjap Singh.- 1977. Levels and time of 
nitrogen application in rainfed bajra. 
Madras agric . .l. 64 : 80-83. 

Panjab Singh and Aggarwal, R.K. 1979. 
Effect of Zn and P levels on the 
disease incidence, nutrient uptake and 
grain yield of pearl .millet. Indian J. 
agric. Sci. 49: 459-462. 

Panjab Singh and Joshi, N.L. 1980. 
Intercropping of pearl millet in arid 
areas. Indian J. agric. Sci. 50: 
338-341. 

Ramakrishna, YS., Ramnna Ran. B V. 
and Rao, G. G. S. N. 1985 Influence 
of commencement of sowing rains on 
the occurrence of agricultural droughts 
ill different rainfall zones of western 
Rajasthan. Indian J Geogr. XIV: 

79-84 

Ramakrishna, Y.S., Sastri, A. S. R. A. S. 
and Ramana Rao, B. V. 1981. 
Drought vulnerability of pearl millet 
under Jodhpur conditions. Indian J. 
Agron 26: 110-113. 

Ramakri~hna, Y.S., Singh, R. P. and 

Singh, K. C. 1982. Influence of 

systems of planting pearl millet (Bajra) 
on crop microclimate. Ann. Arid Zone 
21: 171-179. 

Rao, A.V. and Venkateswarlu, B. 1982. 
Nitrogen fixation by Azospirillum 
isolated from tropical grasses native to 
Indian desert. Indian J. Expt. Bioi. 21: 
316-318. 

Rao, G.G.S.N. and Joshi, N. L. 1986. 

47 

Microclimate in different planting 
systems of pearl millet under rainfed 
conditions Mausam 37 : 491-494. 

Rao, G.G.S.N., Ramakrishna, Y. S., 
Ramana Rao, B. V. and Purohit, 
R. S. 1984. Incidence of drought and 
its impact on food production in 
Rajasthan. Ann. Arid Zone 23 : 327-
334. 

Rao, G.G.S.N., Ramakrishna, Y. S., 
Ramana Rao, B. V. and Purohit, 
R. S. 1986. Impact of droughts on the 
productivity of p(~arl millet in Rajas­
than. Mallsam 37: 197-202. 

Sachan, J.N. and Pal, S. K. 1976. 
Insecticides and cakes for the control 
of while grub Hulotrichia insularis 
Brenske in western Rajasthan. Pestici­
des 10 (6) . 37-38. 

Saxena. M .B. L. and Chaudhary, B. S. 
1977. Studies on the breakdown of 
male sterility in some male sterile 
lines of pearl millet (Pennisetum 
typhoides) under conditions of arid 
zone. Ann. Arid Zone 16 : 427-432. 

Saxena, M.B.L., Gupta, G. K. and Subba 
Rao, G. V. 1978. Influence of environ­

ment and genotypes on ergot of pearl 
millet (Pennisetum typhoides Burm. f) 
Stapf and Hubb. Indian J. agric. Sci. 
48 : 495-497. 

Saxena, M.B.L. and Kolarkar, A. S. 
1981. Effect of salinity on the germi­
nation and growth of radicle and plu­
mule of bajra (Penniselum typlloides) 
varieties. Ann. Arid Zone 20 : 203-207. 



Saxena, M.B.L. and Subba Rao, G. V. 
1980. Adaptation and genetic diver­
gence in the pearl millet (Pennisetum 

typhoides S. & H.) germplasm of 
arid region of Rajasthan. Ann. Arid 
Zone 19: 399-405. 

Sastri, A.S.R.A.S., Ramakrishna, Y. S., 
Rao, G. G. S. N. and Ramana Rao. 
B. V. 1984. Agricultural droughts and 
crop planning - A case study of western 
Rajasthan. Mausam 35 : 261-264. 

Sastri, A.S.R.A.S., Ramana Rao, B. V., 
Ramakrishna. Y. S. and Rao, G. G. 
S. N. 1982. Agricultural droughts and 
crop production in the Indian arid 
zone. Arch. Met. Geoph. Biokl. Ser. 
B 31 : 405-41 I. 

Singh, H.P. 1973. Winter school on 
development of Rajasthan deset t. 
CAZRI, Jodhpur. 

Singh, ·H. P. 1982. Management of 
desertic soils. Review of soil research 
in India. (Vol. 2). Proc. 12th 
International Congress of Soil Science, 

New pelhi. pp. 676-688. 

Singh, H .P: 1984. Improving soil physical 
environment for dryland crop produc­
tion by field surface modification. 
Proc. Seminar Ofl Soil Resources and 
Productivity Management. Indian Soc. 
Soil Sci., New Delhi. pp. 141-142. 

Singh, R.P. 1978. Dry farming research­
its relevance and prospects for arid 

zone agriculture. In Arid Zone 
Rese.arch and Development (Ed. H. S. 
Mann). Arid Zone Res. Assoc. India, 

48 

Jodhpur. pp. 475-482. 

Singh, R.P. 1980. Cropping systems for 

drylands of the Indian arid zone. Ann. 
Arid Zone 19: 443-447. 

Singh, R.P. 1984. Dry farming techno­
logies for the north-western arid zone 
of Rajasthan. Proc. Indo- US Workshop 
on Arid Zone Research. CAZRI 
Jodhpur. pp 52-52.14. ' 

Singh, R.P., Daulay, H. S. and Prasad 
M. V. R. 1974. Hungry drylands of 
western Rajasthan need a new techno­
logy. Indian Fmg. XXllJ (12) : 5-6. 

Singh, R.P., Daulay, H. S., Singh, K. C. 
and Gupta, B. S. 1978. Effect of rates 
and methods of nitrogen application 
on the yield and yield attri butes of 
rainfed bajra HB 3 grown in arid zone. 
Ann. Arid Zone 17 : 136-144. 

Singh, R.P. and Prasad, M. V. R. 1976. 

Increasing plant productivity in the 
Indian arid zone. Farmer and 
Parliament 11 (2) : J 1-12. 

Singh. R.P., Singh, H. P., Daulay, H. S. 
and Singh, K. C. 1981. Effect of 
periodicaf application of nitrogen in 
inorganic and organic form on the 
yield of rainfed pearl millet. Indian J. 
agric. Sci. 51 : 409-416. 

Singh, R.P., Singh, H. P., Daulay, H. S. 
and Singh, K. C. 1981a Fertilization 

of rainfed greengram - pearl millet 
sequence. Indian J. agric. Sci. 51 : 

498-503. 

Singh, R. P., Singh, K. C. and Ramakri-



shna, Y. S. I 97&a. Effect of systems 

of planting pead millet on the yield, 
total productivity, moisture use and 
monetary returns. Indian J. agric. Sci. 

48 " 138-142. 

Singh, R.P., Singh, K. C. and Ramakri­

shna, Y. S. 1978b. Effect of system of 

planting greengram on the yield. total 
productivity, moisture use and mone­
tary returns. Indian J. agric. Sci. 48 : 

320-323. 

Singh, S.D. 1976. Method and timing of 
nitrogen application in rainfed bajra. 
Ann. Arid Zone 15 " 305· 312. 

Singh, S.D. 1977. Optimum utilization of 
limited water supply. In Desertification 
and its C.:mtrol. ICAR, New Delhi. 

pp. 237-255. 

Singh, S.D. 1984. Development of yield 
prediction models for crops adopted 
to arid regions. Proc. Indo - US 
Workshop on arid zone research. 
CAZRI, Jodhpur. pp. 61-61. 11. 

Singh, S.D. 1985. Potentials of water 
harvesting in dry regions. Ann. Arid 
Zone 24 : 9-20. 

Singh, S.D. 1985. Direct, residual and 
cumulative effect of manure and 
fertilizer phosphate in a pearl millet­
wheat rotation. Indian J. agric. Sci. 
55,' 104-109. 

Singh, S. D.. Bhandari, R. C. and 

Aggarwal, R. K. 1985. Long term 

effects of phasing of phosphate fertili­
zer on soil fertility and yield of pearl 

49 

millet grown in rotation with grain 
legumes. Indian J. agric. Sci. 55,' 
274·278. 

Singh, S.D, Daulay, H. S. and Muthana, 

K. D. 1973. Run-off farming making 
the best use of available water. Indian 
Fmg. XXIII (4) : 7-8. 

Singh. S.D. and Mahender Singh. 1987. 
Integration of planting geometry in 
water harvesting. Can. Waler 
Resources J. (Communicated). 

Singh, S D., Singh, R. C. and Vyas, 

D. L. 1972. Studies on methods of 
fertilizer application for pearl millet 
under rainfed conditions. Madras 
Agric. J. 59,' 397·401. 

Singh, S.D., Singh, R. C., Vyas, D. L., 
Misra, D. K. and Bhati, N. S. 1973. 
Studies of tillage fertillity on pearl 

millet in sandy arid plains of 

Rajasthan. Ann. Arid Zone 12 " 
145-154. 

Vyas, O. L.. Singh, S. D., Daulay. H. S. 
and Misra, D. K. 1972. Comparative 
study of nitrogen sources for fertiliza­

tion of rainfed pearl millet. Ann. Arid 
Zone 11,' 145-153. 

Venkateswarlu, B. and Rao, A. V. 1983. 
Response of pearl millet to inoculation 
with different strains of Azospirillum 
brasileme .. Plant and Soil 74 " 379-386. 

Verma, S.K. 1980. Insecticidal control of 
red hairy caterpillar (Amsacta moorei 
Butler). Indian J. Enl. 42 " 779-780. 



Verma, S.K. 1981. Field efficacy of 
insecticides and antifeedants against 
advanced stage larvae of Amsacta 
moorei Butler. Ann. Arid Zone 20: 
253-257. 

Verma, S.K. 1984. Bird damage to pearl 
millet crop at Jodhpur. Indian J. Plant 
Prot. 12: 57-58. 

Verma, S.K. 1987. Production technology 
of bajra and minor millets. 

50 

Compendium II state level tramlng 
course on millets. CAZRI, Jodhpur. 
pp. 101-108. 

Yadav, R.C. 1977. Stand establishment 
of pearl millet inhelation to seed drills. 
Farm. Mech. Asia 8 : 63-65. 

Yadav, R.C. and Singh, R. P. 1978. 
Tillage and seeding practices for arid 
lands of Rajasthan - A perspective. 
Agric. Mech. Asia 9: 71-76. 



CAZRI Publications 

No. 1 Desert ecos),stem and its im­
provement, pp. 1-387 (1974) 

No. 2 Proceedings of Summer Institute 
on Rodentology (Mimeo), pp. 
1-363 (1975) 

No. 3 Solar energy utilization research 
(Mimeo), pp. 1-48 (1975) 

No. 4 Rodent pest management - pri­
nciples and practices, pp. 1-28 
(1976). 

No. 5 White grubs and their mana­
gement, pp. 1-30 (1977) 

No. 6 The amazing life in the Indian 
desert, pp. 1-18 (I977) 

No. 7 Geomorphological investiga-
tions of the Rajasthan desert, 
pp. 1-4 (1977) 

No. 8 Proceedings of Summer Institu­
te on "Resource inventory and 
land use planning", pp. 1-373 
(1977) 

, 
No. 9 Land use classification system 

in Indian arid zone, pp.I-43 
(1978) 

No. to Ecology of the Indian desert 
gerbil, Meriones hurrianae, pp. 
1-88 (1981) 

Edited by B.S. Mann 

Edited by Ishwar Prakash 

by H.P. Garg 

by Ishwar Prakash 

by S.K. Pal 

by Ishwar Prakash 

by Surendra Singh 

Edited by K.A. Shankarnarayan 

by Amal Kumar Sen 

by Ishwar Prakash 

51 



No. 11 Khejri (Prosopis cineraria) in 
the Indian desert - its role in 
agroforestry, pp. 1-78 (1980) 

No. 12 The goat in the desert environ­
ment, pp. 1-26 (1980) 

No. 13 Bordi (Zizyphus nummularia)­
A shrub of the Indian arid 
zone-its role in silvipasture, pp. 
1-93 (1981) 

No. 14 Sheep in Rajasthan, pp. 1-38 
(1981 ) 

No. 15 Water proofing"of field irriga­
tion channels in desert soils, pp. 
1-23 (1982) 

No. 16 Termite pests of vegetation in 
Rajasthan and their manage­
ment, pp.-131 (1981) 

No. 17 Water in the eco-physiology of 
desert sheep, pp. 1-42 (1981) 

No. 18 Ground water atlas of Rajas­
than, pp. 161 (1933) 

No. 19 Agro - demographic Atlas of 
Rajasthan, pp. 1-63 (1983) 

No. 20 SoiJ and moisture conservation 
for increasing crop production 

in arid lands, pp. 1-42 (1983) 

No. 21 Depleted vegetation of desertic 

habitats: studies on its natural 
regeneration, pp. 1-32 (1983) 

No. 22 Prosopis juliflora (Swartz) D.C. 

a fast growing tree to bloom the 
desert, pp. 1-21 (l9R3) 

52 

Edited by H.S. Mann and 
S.K. Saxena 

by P.K. Ghosh and M.S. Khan 

Edited by H.S. Mann and 
S.K. Saxena 

by A.K. Sen, P.K. Ghosh, 
K.N. Gupta and H.C. Bohra 

by K.N.K. Murthy, V.c. 
Issac and D.N. Bohra . 

by D.R. Parihar 

by P.K. Ghosh and R K. 
Abichandani 

by H.S. Mann and A.K. Sen 

by A.K. Sen and K.N. Gupta 

by J.P. Gupta 

by Vi nod Shankar 

by K.D. Muthana and 
G.D. Arora 



No. 23 Arid zone forestry (with special 
reft:rence to the Indian arid 
zone), pp.I-48 (984) 

No. 24 Agro-forestry in arid and semi 
arid zones, pp. 1-295 (l984) 

No. 25 Israeli babool : Marusthal ke 
liye labhdayak vraksh (Hindi), 
pp. 1-14 (1985) 

No. 26 Desert environment: Conserva­
tion and management, pp. }-124 
(1986) 

No. 27 Agro-forestry: A judicious use 
of desert eco-system by man, 
pp. 1-40 (1986) 

No. 28 Grazing resources of laisalmer 
district: ecology and develop­
mental plan ning with special 
reference to sewan grasslands, 
pp. 1-92 (1987) 

No. 29 Grasshopper pests of grazing 
land vegetation and their mana­
gement in InJian desert,pp. 1-56 
(1987) 

No. 30 Improvement and grazing 
management of arid rangelands 
at Samdari and Jodhpur, pp. 
1-39 (1987) 

No. 31 Marukshetra ke Keere va 
bimariyan aur unki roktham, 
pp. 1-43 (1987) 

No. 32 Package of practices for 
cultivation of Jojoba (Simmond­
sia chinenis) in arid zone, pp. 
1-19 (1987) 

53 

by H.S. Mann and 
K.D. Muthana 

by K.A. Shankarnarayan 

by L.N. Harsh and 
H.C. Bobra 

by K.A. Shankarnarayan and 
Vinod Shankar 

by S.P. Malhotra, H S. Trivedi 
and Y.N. Mathur 

by Vinod Shankar and 
Suresh Kumar 

by D. R. Parihar 

S.K. Sharma 

by Satyavir, 
M.P. Singh and 
Satish Lodha 

L.N. Harsh, 
J.C. Tewari, 
Oalip Singh Patwal and 
G.L. Meena 



No. 33 Tanka-A reliable System of 
rainwater harvesting in the 
Indian desert, pp. 1-16 (1988) 

No. 34 Impact of transfer of Agricultu­
ral technology in ORP villages 
(A case study), pp. 1-35 (1988) 

54 

by N.S. Vangani 
K.D. Sharma 
P.C. Chatterji 

by K.N.K. Chouhan 
R.N. Singh 
K.D. Kokate 



SOME OTHER PUBLICATIONS FROM CAZRI 

Anonymous (1964). Recent developments in Rajasthan, CAZR[jGovt. of India, 
pp. 1-155. 

Kaul, R.N. ed. (1970). Afforestation in arid zones Dr. W. Junk, b. v., The Hague, 
1-435. 

Anonymous (1971). Proceedings of 1964 Jodhpur Symposium on the "Problems of 
Indian arid zone." Govt. of India, New Delhi, 1-495. 

Sen, A.K. (1972). Agricultural Atlas of Rajasthan, reAR, New Delhi, pp. '1-5 I. 

Fitzwater. W.D. and Prakash, I. (1973). Hand book of vertebrate pest control. 
ICAR, New Delhi, 2nd ed. (1978). pp. 1-95. 

Barnett, S.A. and Prakash, I. (1975), Rodents of economic importance in India. 
Arnold-Heinemann, New Delhi, 1-175. 

Gupta, R.K. and Prakash, I. (1975). An environmental analysis of the Thar desert. 
English Book Depot, Dehra Dun, 1-484. 

Prakash, I. and Ghosh, P.K. eds. (1975). Rodents in Desert Environments. Dr. W. 
Junk, b.v., The Hague, 1-624. 

Anonymous (1977). Arid zone research in India (Silver Jubilee, 1952-1977), 
CAZRI. 

Malhotra, S.P. (1977). Socio-economic structure of population in arid Rajasthan, 
CAZRr, pp. 1-51. 

Muthana, K.D. (1977). Improved techniques for tree plantation in the arid zone. 
CAZRI, pp. 1-22. 

Taneja, G.C. (1978). Sheep husbandry in India. Orient Longman Ltd., New Delhi, 
pp. 1-159. 

Muthana, K.D. and Arora, G.D. (1979). Acacia tortilis (rom.) A promising fast 
growing tree for Indian arid zone. CAZRI, pp. [-99. 

Singh, S.D. and Mann, H.S. (1979). Optimisation of water use and crop production 
in an arid region. CAZRI, pp. 1-88. 

Mann. H.S. ed. (1980). Arid zone research and development, Scientific Publishers, 
Jodhpur, 1-531. 

55 



Paroda, R.S., Mann, H.S. and Verma, C.M. (1980). Management of Indian arid 
rangelands. CARZI, pp. 1-38. 

Anonymous (1983). Progress in arid Zone research: 1952-1982. CAZRJ, pp. 1-65. 

Anonymous (1983). Outli"nes of the technologies for reconstruction of the arid 
zone. CAZRf, pp. 1-40. 

Malhotra, S P., Gupta, B.S., Goyal, Daulat and Taimni, Vishnu (1983). Population. 
land. crops and livestock statistics of arid Zone of Rajasthan. CAZRI, 1-1481. 

Shankarnarayan, K.A. (1983). Social forestry-its significance and scope. CAZRI, 

pp. ]-26. 

Anonymous (l985). Research highlight. CAZRI, 1-153. 

Shankarnarayan, KA. and Sen, A.K. (1985). Combating desertification. CAZRT, 

PP. 1-26. 

Singh, S.D. (1984). Data base for managing water in command area oflndira Gandhi 
Canal - Stage II. CAZlU, pp. 1-132. 

Prakash, Ishwar and Mathur, R.P. (1987). Management of rodent pests. ICAR; New 
Delhi, pp. 1-183. 

Note.' This is an incomplete list. A large number of publications, including Annual 
reports, survey reports, proceedings of symposia/workshops, bibliographies, 
extension bulletins, etc., have not been included. 

Back cover page photo: Courtsey ICRISAT, Hyderabad. 

56 






