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This research report series is issued by the Management
of Research | and Technology Project/Arid Zone Research
Component (MART/AZR). This project is financially sponsored
by the Mission to Pakistan of the United States Agency for
International Development (USAID).

The project contract is implemented by the
International Center for Agricultural Research in the Dry
Areas (ICARDA) and Colorado State .University (CSU) at the
Pakistan Agricultural Research Council’s Arid Zone Research
Institute (AZRI).

P
This ingtitute has responsibility for undertaking
dryland agricgltural research in all provinces in Pakistan
through its headquarters in Quetta, Baluchistan and its sub-
stations at ;D.I. Khan (NWFP), Umerkot (Sind) and Bahawalpur
(Punjab) b )

The principal objective of the MART/AZR Project is the
. Institutional 'support and development of AZRI in the period
1985-1989. This series of research reports outlines the
Joint research findings of <the MART/AZR project and AZRI.
They will encompass a broad range of subjects within the
sphere of dryland agricultural research and are aimed at
researchers, 'extension workers and agricultural policy-
makers concerned with the development of the resource-poor,
arid areas of;West Asia and the Middle East.

Libraries, individuals and institutions may obtain
single copies. of this research report series free of charge
and may request their names be rPlaced on a mailing list for
periodic notiﬁications of published papers by writing to the

MART/AZR proédct office, P.0. Box 362, Quetta, Pakistan.
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ABSTRACT

The exPeriment reported in +this paper was conducted at
Quetta in%b§th the 1985/86 and 1986/87 cropping seasons and at
Khuzdar, %nly in the 1986/87 season, to determine the effects
of the ad%ition of phosphate fertilizer and rhizobium inoculum
to lentil§ Kgggg culinaris) under arid rainfed conditions. A
large resgonse to inoculation was observed in both locations
and seasonsL In particular, this was observed to increase
nodule numbgr and root dry weight very substantially, and in
turn, this‘éaccounted for a general increase of more than 50%
in seed and straw production. Inoculation is therefore
concluded tq be a necessary input in food and forage legume
germplasm é?aluation nurseries in upland Baluchistan. In
contrast, ﬁée effect of addition of 60 kg/ha of phosphate
fertilizer%?id not appear to materially influence plant growth
and producéivity. It was additionally evident that the effects
on crop gréﬁth of environmental variation in rainfall and air

temperature:considerably influenced the 1length of the active

growth seasén of lentils and thus productivity.

|
Inoculétion of lentils is concluded to be an agronomic
interventiéﬂ that has a potential profitability so large that
rapid adogtﬁon and an increase in lentil hectarage in
Baluchistan:are likely once commercial supplies of inoculum
are availab}é.
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m'monnc'rxﬁofn
Lentfliis the second most important grain legume crop in
Pakistan. ?} It is grown 1in winter over an area of 82,300 ha
with an ab#ual production of 29,900 metric tonnes (Bashir et
al. 1986).;E.Out of the four provinces of Pakistan, 70% of the
cultivatedifarea is in the Punjab while Baluchistan has
presently k e lowest hectarage (Anwar et al. 1986). Lentils
are capablé; of growth in the poorer soils and more extreme

i

climates sz Pakistan, as are found and experienced in upland

Baluchistaﬁ; However, the outlook for increased cultivation

and productivity of lentils in Baluchistan has not in the past
been favouréble. Farmers view cropping under non-irrigated
conditionsﬁéo be a risky exercise in the arid uplands and have
very littlé'financial resources to invest in new technological
agronomic %nnovations (Rees et al. 1988). As a result,
research stéategies which aim to ensure the maintenance of an
acceptable%%oil nutrient status, without recourse to expensive
inputs sucﬁg as additions of nitrogen fertilizer, and which
improve 1$gume productivity substantially warrant active

development.

1

Inadeq%ate nitrogen nutrition appears to be one of the
factors seribusly limiting lentil productivity per unit area
and the efpgnsion of its hectarage and that of other food and
forage legu@é crops in Baluchistan. The Arid Zone Research
Institute ﬂa; recently established a program of germplasm

evaluation Fb determine whether food and forage legume crops
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can be §§uccessfully grown in the rainfed uplands of

Baluchistan (ICARDA; 1987, 1988). At present, the mono-
ot

cropping qﬂ wheat or wheat in rotation with long, unproductive
P

fallows éﬁe the present cropping practices under the

traditional low input system of husbandry. The introduction

of more léghme crops may intensify agricultural production and
at the very least reduce the risks of disease-induced total
crop failur?. Epiphytotic conditions of yellow rust in wheat
have been éxperienced in Baluchistan with resultant severe
crop losses' at least +twice in the last decade. The
experiment ,was designed to give guidance on two issues
relative tog the introduction or intensification of legume
cropping: :

1. A;e native soil rhizobial populations adequate to
nodulate food and forage legume screening nurseries
successfully?

|

2. Is rhizobial inoculation likely to be an

edonomically sound innovation into the dryland

cropping systems of upland Baluchistan?
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MATERIALS AND METHODS

The égperiment was first planted at the AZRI Farm, Quetta
(altitudeil?SOm, latitude 300 14’°N, longitude 670 2'E) in late
December ﬁ9?5 following the first rain of the winter season.
Subsequenth;, it was repeated at the AZRI Farm and extended to
an additio@?l location Khuzdar (altitude 1100m, latitude 270
46’'N, longitude 660 39'E) during the 1986/87 growing season.
The planting date at Quetta during 1986/87 was 1 Nov 19886 and
at Khuzdar :13 Oct 1986. Residual soil moisture from late
summer rainé allowed early crop establishment. Crop maturity
occurred iﬁ; early summer with little variation from location
to location? or year to year. The experiment was laid out in
randomized‘éomplete blocks (two factor factorial) with a plot
size of 5m x 1.5m. There were four treatment combinations
with four #eplications. Each plot consisted of six rows with
each row béing 5m 1long and having a .25m row spacing.

Phosphate 'fertilizer, as triple super phosphate, was

incorporated with the seed at the time of sowing at the rate

of 60 kg P205/ha. The experiment was planted with a single
row drill. j All observations were made from the central two
rows of the‘plot to exclude border effects. A wide range of

plant growéﬁ parameters were assessed and the number of
nodules pgré plant and root dry weights were monitored
periodicalfy before crop maturity. Analysis of variance was
conducted bﬁth separately and collectively to examine specific

location or season effects and averaged over environments.
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CLIMATIC &dONDITIONS

The Eélimatic conditions in Baluchistan are highly
inconsist%ni. 200 mm of precipitation or less are expected
in at leés1 three years in ten (Keatinge and Rees, 1988).
Furthermorét.rainfall is often not well distributed throughout
the year. : E Most of the rain occurs in the winter but
occasionall; a small but important summer monsoonal rain is
experiencedi Late rainfall in winter may delay the sowing of
winter crop§ and subsequent crop emergence due to low air
temperature§ experienced at altitudes above 1000 m. In the
1985/86 seaéon the first rains of the winter season came in
the last wéék of December at Quetta. Dry conditions in April
and May, cg&pled with dessicating winds, resulted in premature
maturity aié poor yields of lentils in 1985/86. While in the
1986/87 segéon, yields were good due to an early, well

distribute&jand greater than average rainfall at Quetta and

Khuzdar (Taqle 1).

Air temperature in upland Baluchistan is usually very low

in winter ;qnd growth of lentil crops in the period late
b

November téi mid February is very slow. In both seasons,

minimum aif; temperatures well below freezing were experienced

(Table 1), 3but the 1local lentil landrace is well adapted to

such condiﬁfons. High air temperatures in early summer, in
.

the absencef of rainfall, may become an important factor in

o
hastening crbp maturity as was experienced in the 1985/86
|
season in Quetta.
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a
RESULTS ANDiDISCUSSION
N
The ef;ect of inoculation was highly significant (P<0.1)
and resultéa in large increases in the number of nodules per
[
plant (200%5; root dry weight (70%), shoot dry weight (114%),
seed yieldij(67%) and straw yield (52%) when compared to
uninoculated treatments (Table 2-5).
.

The effect of phosphate was not significant and gave no
increase ih% growth parameters, such as number of nodules per
plant and straw yield, over the control treatment (Table 2,
5). Root’' dry weight may have been a minor exception (Table

3).

: economic analysis only inoculation was considered
as the biglogical effect of phosphate was shown to be
insignificént. An increase in net revenue of Rs. 112 during
the 1985/86;season and Rs. 2738 during the 1986/87 season were
estimated f&r the trials at Quetta. Similarly, in the

1986/87 seaéon at Khuzdar an increased net revenue of Rs. 2383

was obtained by inoculation (Table 6).
|

v

The iﬁﬁortance of inoculation with rhizobia for lentil
productivitf is 1in concurrence with the work of Sekhon et al.
(1986) andj %andhu (1984) who in other areas of +the Sub-
continent ;ﬂecorded 80-90% increases in seed yield in

comparisonftb uninoculated lentils on a variety of soil types.



The c)éar response to inoculation in lentils in this
experimentjindicates the need to use inoculation routinely in
AZRI’s legume germplasm screening nurseries. This policy has
been adopfe#t in the 1987/88 season. The lack of native
rhizobia ih; the soil or their inefficiency to promote active
nodulation in lentils (Table 2) suggests that the use of
inoculal‘l'.io‘n41 could be an important innovation to the

agricultural system of Baluchistan.

Althogéh inoculation of lentils requires a small amount
of extra i%bour and time, it is evident from the net benefits
calculatedéfor the experiment +that this is likely to be a
highly profitable innovation, particularly if the introduced
rhizobia cé? survive in the extreme climate of Baluchistan.
However, tﬁé commercial availability of adapted rhizobia in
Pakistan is:' extremely restricted at present and it is to be
hoped that gin the 1light of +the results from more widespread
agronomic t%sting of inoculation (in progress; ICARDA, 1988)
that invest?ent to allow inoculum production on a commercial
scale may Bé forthcoming.

!
|

The léék of response to phosphate in this experiment is
somewhat su%prising as P Olsen values were less than 7 mg/kg
at both 10¢%tions (Harmsen, 1984). However, as the phosphate
status of rdryland soils in wupland Baluchistan is largely

undeterminéd, these results should not be considered to be
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definitivéﬁ particularly as the soils are generally alkaline.

This implies that phosphate responses, particularly in dry
years, mighi be expected. Preliminary observations (ICARDA,

1988) ind%aate some positive responses to phosphate under dry
o
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Table 1. Climatic Data
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Quétta 1985/86
Cod

Quetta 1986/87

Khuzdar 1986/87

MONTH Totéi Mean Mean Total Mean Mean Total Mean Mea
Rain-  Max. Min. Rain- Max. Min. Rain- Max. Min
fall; temp.* temp. fall temp. temp. fall temp. tem
(mm)! (0C)  (°C) (mm)  (0C)  (°C) (mm) (°C) (oC

Jul OEE 32.0 28.0 2.0 33.7 21.8 81.3 38.2 21.9

Aug 6.5?. 31.0 22.0 73.2 30.0 19.0 383?2 37.5 20.2

Sept O;i 30.6 17.1 0 30.4 10.2 0 35.0 14.0

Oct Oig 25.5 4.3 0 26.4 6.1 0 35.6 9.3

Nov oi} 20.5 0.0 6.9 20.2 -0.1 4.2 27.9 4.8

Dec 50.5:; 12.1 - 1.0 11.4 11.7 - 3.6 0 25.7 3.3

Jan 10.13i 10.7 - 4.1 28.2 12.9 ~-3.0 9.5 25.5 3.2

Feb 83.1'E 11.3 - 0.7 64.5 14.7 3.2 46.7 26.4 4.2

Mar 77.9’i 15.8 4.3 106.0 17.8 8.4 0 27.0 7.9

Apr Oii 25.2 9.0 11.8 24.1 12.1 0 32.8 10.8

May 0; 30.6 11.4 9.4 29.0 16.4 25.0 36.6 11.6

|
L

|

S
* screenedga%r temperature at 1.5m.

|
** Monthly tpial received from two intense storms of more than 100 m
each, runoffirill have occurred at this site.



TABLE 2. NO. OF NODULES/PLANT AT 120 DAYS AFTER SOWING.

1

R QUETTA QUETTA KHUZDAR MEAN % Of
] 85-86 86-87 86-87 EFFECT
- Phosphate;? 3.5 13.4 9.5 8.8
- 0
+ Phosphate!; 3.7 13.6 8.6 8.6
~ Inoculum 2 0 0 0 0
fi >100%
+ Inoculum 7.3 .0 .1 17.5
Mean B 3.8 13.5 9.1 8.7
Standard Erro 0.31 1.24 0.48 0.66
Prob. of Phosphate NS NS NS NS
Prob. of Inoculum <0.1% <0.1% <0.1% <0.1%

TABLE 3. ROOT DRY

WEIGHT/PLANT AFTER 120 DAYS OF SOWING(mg).

K

ot

! QUETTA QUETTA KHUZDAR MEAN % OF

. 85-86 86-87 86-87 EFFECT
- Phosphate 55.0 88.6 252.5 132.1

o +13
+ Phosphate | 57.0 112.5 281.3 150.4
-Inoculum 26.3 80.0 170.0 92.1

+70

+Inoculum 86.3 121.3 363.8 190.4
Mean - 56.2 100.6  266.9 141.3
Standard Error 2.43 10.80 7.40 6.28
Prob. of Phosphate NS NS NS NS
Prob. of Inocculum <0.1% <0.2% <0.1% <0.1%

T
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TABLE 4.  SEED YIELD (Kg/ha)

1
1
|
i

QUETTA QUETTA KHUZDAR MEAN % OF

85-86 86-87 86-87 EFFECT
i
-Phosphate | 37.8 620.5 369.8 342.7
: +3
+Phosphate | | 38.0 583.0 435.6 352.2
~Inoculum 'i 29.8  421.4 246.0 232. 4
; +67
+Inoculum ' 48.0 782.1 559.4 462.5
|
Mean | 37.8  601.8  402.7 347.5
Standard Error 2.12 35.97 37.37 24 .47
Prob. of Phosphate NS NS NS NS
Prob. of Inoculum <0.1% <0.1% <0.1% <0.1%
—
TABLE 5. STRAW YIELD (Kg/ha)
,; QUETTA QUETTA KHUZDAR MEAN % OF
: 85-86 86-87 86-87 EFFECT
L
~Phosphate | | 154 1680 2184 1339
N -5
+Phosphate | 172 1530 2122 1275
-Inoculum || 124 1079 1690 964
'! +52
+Inoculum | 202 2130 2616 1649
|
Mean N 163 1605 2153 1307
Standard Error 14.1  152.9 202.2 119.7
Prob. of Phosphate NS NS NS NS

Prob. of Inoculum <0.1% <0.1% <0.1% <0.1%
;
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Table 6. Neé benefit analysis of lentil with and without inoculatio
athpetta 1985-87 and Khuzdar 1986/87

|
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LOCATIONS

| Quetta 1985/86

Quetta 1986/87

Khuzdar 1986/8

Control Inoculum

Control Inoculum

Control Inoculu

i
i
é

Net revenue , 257 369

‘ 3127 5865 2621 5004
(Rs./ha)x

Net revenue ' - 112 - 2738 - 2383
gain above P

control (Rs./ha)

Marginal rate?@

of return 320% 7823% 6809%

5

i
|

Note: -
and, inoculation
benéﬁit calculation.

b

b
* Rs. = Pakistani rupees.

cost of Rs.

I
Lentil seed price of Rs. 5.5/kg, straw price of Rs.0.75/k
35/ha were used

in the ne

US$1 = (approx.) Rs. 17.5



