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A NEW BIOLOGICAL APPROACH TO BOOST CROP PRODUCTION

(. M. Akhtar

I'reliminary investigations (o ealiance the crop vicld throngh
tie vuse st uwlatury microbes have Deen made.  Addition of
Arachniotus spe alongwith chaffed wheat straw 150 t0 320 kgjavr)
anamended or amendred with 1-4 percent N ur NK to the feld dur-
ing seed bed preparations was foand to enhance the yield ol wheat
grain by 244 to 42 7 peveent, tice paddy by 20 perrent, maize cobs
by 114 percent, sugarcane by 2609 10 338 percent and Berscem
tudder by 327 porcent, Binndarly the addition of Streprescees wirg
wlonpaath  chaffed wheat strow (B0 kglacre) amended with 2-4
poreent NI oechameced the vield of wheat grain by 8 3 o 290 per-
cent and Hecsevin foddder by 13,2 percent,  [uvestigations on tiw
residual effvet of Aracheiotus sp. application oo the yvield of wheat
graah yielded an avelage increase of ¥3.8 purecnt,

INTRODTICTH N

The rapid increase in population has spurred the agricultural seientists te
strive hand to increase the feod production per unit area.  All the possille
means to inciease food production like the use of high yielding and disease
resistant varictics, application of balanced fertilizers, adoption ol improved
sgricultoral practices and  switable plant protection  measutes are  beins
advocated. The role of s0il microbes in contributing towards ruisiog of soil
fertility and crop yvields is gaining iopertance day by day,  The Russian scien-
tists have riported that the vields obtained by the uss of urtiliciul tertilizer and
improved urricaltural practices ete, van be inceeased {urther thoouslh the uss of
bacterial cnltures,  Increased crop yvield of, 10.20 percent hy sacd incculutions
witit Azotapen (w commercial prepatation of Azetvbecler chrasroccum) Das been
clatmed (Balis, 19400 (:I'UEJ‘:} viw, corn, onts, wheat, barley, 2ugoachaect, Petaties,
citbbage, tomatoes an cartots were stated to response tn Asotobovter ocula-
tions and give unincreass of 10 percent in vield [Alexender, 19617 Dnvreased vield
of 253 percent in potitoes, 19.0 percent in cabbage and 28 pereent in tomatnes

B seed inocalutings with A, coereccoccies in heavily manared soils was reported

Angacinte Professor, [epartment of Plant Pathology, University of Agricul-
e, Faosalabad,
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(Mishustin of al.. 1963}, Hussain [1979) obtained 9.5 and 7.8 percent inerease in
gram and straw yields of Muxi-Pak variety respec tively.  The anthor duriag
his recent studies an the biologied contral of soil barne plane PHthogens noticed
t]l:Lt with the application of certain spevific microbes, the ¥irld of some crops
was rreatly enlinced.  This fact led ta the injtiation of regular studies on the
stimualatery effects of the antagonistic microbes om the growth and vielll nf
crops.  The results achieved so fur are presented in this PiLprer.

MATEEIALS ANTY METHODS

Aubapemiatic mfvreorodnismms

Antagenistic soil sepraphytes namely  Arachuiofys sp. and Streptomvees
alrd were used in the present studies,  Ararkniotes ap- wus isnlated from locul
soils using the needle mechod (Akhtar, 1966) while & aira was obtained [rom
13, Al dul Ghaffar, Professer of 1¥lant Pathlogy, Karachi University, Karachi,

Dloge of inveulum and subsirate

Finely chiafed (machine threshed] wlieat straw with or withangt amend-
ments was used at the rate of 90 to 320 kyelucre, The inoculum of the anta.
gunistic orgatising obtained Mo two 9 em pend plate cultores . was wsed for
centaminating 1 ko of the subscrate,

fxporimnlal tedhsiyue

The chaftrd wheat straw (machine threshied] as such or amended with
l-# perceat of ats weight of N or XK was rpoisencd and mixed throughly
with the suspensions of the antagonistic orpanisms and seattered uniformly in
the fields during the s=id-bed preparations. L1 wis mixed i the soil by plaugh-
iy the fields twice wtter broadcasting.

EXIERIMENTS ARNIY RESU TS
1. WHEAT
To study the effect of stimulatery micrabes on the vield of wheat
ctop three experiments were conducted,  Two sthoulatory organisms noumely

drachnivius sp, and 5. aira were nsed.  In the fiest twa experiments the cffect of

fresh appliration of these microbes applied separately and m combination to

‘the soil during secd hed preparation alongwith cluffed wheat struw [usad @& 80
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kujacre! amended with 2-4 perueﬁt of itz weight of NX on the yield of wheat
wits investigated,  In the third experiment the residual effect of the Arackniofus
sp., previously appiied to the maize crop in May, 1981 alongwith chafed wheat
siraw amended with 2 pereent N [used at the rate ol B0 kgfacre}, on the vield
of whent was studied. Afl the three experiments were laid out in random blecks
with fonr replications,  In the first experiment the chafled wheat straw used
wis amended with 2 percent NK, and the experiment was sown ofl 11.11.51
with variety LU 26, in plats measuting 30" » 187 The second experiment which
was sown oh 26,11 81, with variety LU 26, in plats measuring 400 x 18" was split
into two scts of two cepeats gach, - Tn one set the chaffed wheat straw w.as
amended with 2 percent NK and in the second set it was amended with 4
percent N.K. The third experiment was sown on 18, 12,81 with wvariety Maxi-
Pak, in plots measuring 127 = 40°.  All the three RXFETIMENts WeTe harvested in

the fiest fortnight of May. The results obtained ure presented in Tables 1, 2,

anrl 3.

TABLE 1. Effect of addition of sttmulatery microbes fo the sotl, alpngwith chaffed
wheat straw (80 kelacre) amended with 2 percent NK. on lhe vield of
wheat, fn the xormal smest crop,

. wieldin ki facre L ¥ in-
8. ‘Treatment BRI R 11T R I R IV Average urease ovel
Na. cantrol

oA R R - et et JR—

L Eeikiel 1340 16940 1887.6 15730 17363 —

2. Chaffed wleat straw
amended with 2% Nk 20312 1507.2 21%7.0 17414 1869.4 7.6

T. 24 Avachwnreotus sp. 26620 23232 261314 2081.2 2420.7 3l
4. T. 245 gira 22748 19844 23712 2M12 217R.0 5.4

La

5. T 2+ Arachninius sp,
+ 5, alva 19840 19360 2323.2 2178.0 21054 . 212
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TARLE 2, [fect of afditivn of stémufulory microbes o fhe soil alongwith clhaffed
wheal straw amended with 2 perconl and 4 pereonf dosgs of NE {n the
erip sown iu Hhe enid of Nowenther

vield in kgsfocre

5, Wo, Treatment Clofiod wliead sorame sunendisd Chaffed wheal stooew
with 2 percent KK amended with 4% NK -
RBL  IT Aver- %BIncroise ¥l LI Aver %lIocre-
? wEe Vel cnants : agr LET RIS o
rirl rontenl
. Contpiol 1548, % 15246 15362 - 15472 14036 13044 —
2. Chafivd whear 16940 14320 157300 2.3 1742 4 15488 1605.68 9.6
atraw + MK 3
3071 29 Arachnd- 20182 17424 19115 244 24442 1839 2 2141 7 427
R

4. T, 245, atra 176640 13004 16ll: 63 20750 1600 19360 290
8, T. 2+ Arachri- 1798 1577 54 108432 2.0 19nd 4 17908 18476 238

wlus s, + 5. alra

TABRLE 3. Resrdial efeal of stimufalore midoroles abplicd b lhs previnus craf
(fMalze) i May 19081 alouxeiih chafed wlheal straw (B kgjacre)
antended with 2% N o the sdedd of sl crop sows i Jed aeel of Doc,

ragt
5 Mo Treatment vicld in kgs per acre Parcent
Kl L1l KEll Rl1Y Averoge Increase QVer
contrel
1. {ontrol IAET 11al.d (2342 S2e2h 1ousd —
2. Chafled Wheat 11616 13062 12703 943 8 117046 Y
straw + 2% Nls
3. Chathed slwat 21054 19602 I47TI0OE (G698 [O02.] FER
strow 4+ 294 & :
+ Araciiodis

s,

As will e seen [rom Tables Tamd 2, Loll chie microbes conststantly enlha-
noed e yield of wheat in all the repeats. Arachniofes spo when applicd aione

showed the best performance. Un an average addition vl Argefniotus sp. aloug-
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with chaffed wheat siraw amended with 2 percent NK to the soil enhanced the
vield of wheat over control by 39.3 and 24.4 percent in the carly and late sown
experiments respectively.  The activity of drachnialns sp. to increase the yield
of wheat was further enthanced when it was added to the soil after being mixed
with chuffad wheat straw ameonded with 4 per cent of its weight of XK, It
etthanced the yield of wheat by 42.7 per cent aver contral against an increase of
24.4 per cent when applied with 2 per cent amendments of NK of chaffed wheat
sttaw, As will be seen irom Table 3 the residual effect of drachuretus sp. on the
vield of wheat grain yiclded spectaculior results, It remarkably increased the
vield of wheat grain consistently in all the repzats with an average increase of
73.8 per cent, over coutrel.  An averaye yield of the 4 repcats was 1902, 1 kgf
acre from the treated plots aguinst an average yield of 10944 kgfacre (rom the

untreated plots,

2. RICE

An experiment to study the effact of adidition of Arachsioles sp. alongwith
chaffed wheat straw to the seil on the yield of rice paddy was laid oat at the
Government Agricultural Tarm, Saliwal. The caperiment was designed in
random blacks with four repeats. The plot size was 2000 %24, The finely
chaffed wheat straw (80 kgfacre} amended with 1 per cent N, as such and after
coptamipation with the suspensions of culiure of drashaioins sp. was mixed in
the soil during seed-bed preparations hefore puddling. Transplanting of rice
variety Irri-6 was done on 28.6.80), The harvesting of the crop was done on
a0, 1380, The yield recorded is piven in Table 4.

TABLE 4, Efect of addition of Arachriolus op. on the vield of wice paddy.

5 Wo. Treatment  vicld in kilopramsfacre R
Kl EIL KI1l RIV Averape  Incroasa over
control
1, Control 1424 1440 14(H) 1376 14140 =
2. Chafied wheat 1640 1624 1614 1603 1612 14 3
straw alone + 1%N
3. Chaffed/wheat FEOR 1728 16h4 1640 1692 M

atraw+ 1% N .
+ Fungal antagonist
{ Aracimivtoes ap.j.
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As will be seen from Talble 4 the yicld of tice was consistenily cnhanced
in all the repeats with the application of Arachriofns sp, alongwith substrate and
the substraty alone, Addition of Avechniolus sp. alvngwith substraie showed the
best perflormance and increased the vield by 20 pereent aover continl,

3. MAIZE

An experiment was designed in rundom blocks with four replicatinny.
Fineky ¢haffed wheat straw amendred with 2 percent N used at the rate of 830 kg
acre as snch and contaminated with the culturc suspension of the drachniotus sp.
was mixed in 1he soil during the seed bed preparations, Tt was sown on 8.8.81
with dibler.  The spacing [rom plant to plant and row to tow were kept at 1°
and 27, respectively.  On harvest yield of cobs was recorded separately for each

treabment.  The results obtained age given in Tuble 5.

TARLE 5. Kffecf of wddition of Arachmiofus sp. alopgieith  chaffed wheat straw
ta- thr saif on the vield of matze cobs.

5. No, Treatment yield in kgs facre __ Poreent
RI R RII RV Averape INCreass over
contrul
1. Cantrol 2450 25RO 2EE0.0 34200 31045 =
2. Chaffed Wheat 207U 33T0.0 3060 #s0.0 0 31272 .56
straw + 20 N
3, Chaffed wheat 3330 35100 351000 351000 MASQ0 11.40

astpaw +2% N
+ Arachniotis
ST

Az will be seen from Table 5, the addition of Arachsiolus sp. to the
woil alongwitl chatfed wheat straw amended with 2 percent N enhanced (he
yieid 0of maize cobs hy 11.4 por cent,

4, BUGCARCANE

Stodies on the offect of addition of Arachuious sp. alongwith  finely
chatfed wheat struw to the snil 1o enhance the yield of segarcane wore initioted
in 1980, The first experiment as laid eot in randemized blocks with four
repeats in the arca of the Flant Futlhwologist ot Avub  Agricoltoral Fesearel
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Institote, aisalilad. The plot size was 30 x 107 . Tanely  chafied  wheat
straw (320 kgla) contaminated wich the colcare suspensions of  Arachsioins
was mixed in the spil during seed bed preparations. Sowing af sugarcane
variety Tritom was done on 13.3.1980, The fertilizer was applied in uniform
quantity to-all the treatments, The experiment was harvested on 31,1280
and 1,1.81.

Further 3 experiments were conducted during the year 1981.82, at
different places, In nne experiment the different doses of the substrate i.e.
80 kgfacre, 160kgfacre and 320 kglacre were used and  the snbstrate was
amended with 2 percent of its woight of N. This experiment was Jlaid
out at Agricaltural Rescarch Station Khanpur with wvariety L 116, [t was
designed in random blocks witi 4 repeats, The fortilizer and  all  other
nperations were applied uwaiformly to atl the treatments. In the other two
experiments conducted during this year, the substrate {chaffed wheat siraw)
amended with 2 percent N was used at the rate of 80 kefacre. One of these
experiments was sown with variety €0 564 at GLU-Wala, Tchsil Khanpur and
the second was sown at Faisalabad variety Col, $4 in the arexr of Aygronomy
Department of the University of Arricalture, TFaisalabad. The obscrvations
recorded on the yield of stripped cane are presented in Table 6-2.

As will be seen from Tables 6-9, in all the experiments the application of
Arachniofus sp, to the soil alung with caffed wheat straw cunsistantly enhansed
the yield of sugarcane, irrespective of the varitey and ptace. The dose of the
substrate @ B0 kgfacre amended with 2 per ecent of ¥ showed the best perfor-
mance {Tabla 7). The increase in yicll of stripped cane with the use of

Arachniotus sp, ranged from 26.9 per ceat to 388 percent in the dillernt
experiments.’

TABLE 6. Effect of addition of Arachniolus sp. on the vield of sugarcans t’l:l.ritfi_}'
Trilon af AART, Farsalabad, {198U-81 ;.

o vield in kg_,"acre W & in-
5, Treatment Rl "TRIIT TRIIL RIV Average crease
Mo, ) i
1. Caontrol 2624 24797 21786 200522 23.088 —_
2. Chaffed wheat straw 28 802 23103 25211 16.531 24.1R% 474
3. Chuaffed wheat

straw -+ I2704 384783 27508 Z26.50% 31.3M) 35.65
Avachnivlus sp.
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As will Le seen from the Table the yield of sugar cane was consistantly
enhanced with the application of drachndofus sp. in all the repeats. The averuge
increase in yield was 35,65 por cent.

TARLLE 7. Effect of addition of Arachetntus sp. fo the soil alongicith chafed wheat
sl pn the yield of suparcaee variety L1146 gl Khanpyr AR5,

198182
£, Tiealioent RT RIl KII RI¥V Average  over
Ni controd
l, Contrnl ig.51 4736 5041 Iz u3 43.0 _
2. Chatkd wheat
straw 75 310 5150 5531 4908  RDGTF 316 200

kefw + 2% N

3, Chaffed wheat .
straw i 3M) 5014 5442 5206 56.2I 41 254
kg'a + 2% N
4 Arachaiotus sy

4 Chatfed wheat
straw o, 146 45,15 5669 31.92 577 314 241
kegia + 27 N
+ draslmiotus sp,

5 Chaffud wheat
alraw or B kgla s0.12 55,33 64,71 57.73 564 A
+2% N + Aracha-
tekas sp,

TABLY 8 Kffect of addition af Avachnintus sb. to the s0il alongwfti chaffed wheat
shrai (&) kpfacre) amended with 2 per cent N, on the vield of suparotne
uariefy COL 34 al Llaiversity of Agricultnre, Faisalabad (T981-82)

3, No.  Treatinent . vield in fons [ acre Parcent
BT B Il Averape IIETRWSE UVET
contrul
1. Control 33 44 3E.16 3382 -
2. Challed Wheat
straw +2% N 4320 34,36 JE.TY 5.0
1. Chatfed wheat
sthaw +2% N 55.62 4392 4477 388

+ Arachnrofns sp.
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TABLE 0. fifect of addition of drachiolus sp. fo fhe sofl alongwith chaffed wheat

straw o the vield of suparcane variety OO 364 at GLU-WILI, Tehsil
fhanpur (1981-582)

3. No. Treatment Yield in tonsfacre ercent
Rl RIIT RIOIT RIV Avorage  increase aver
cuntiol
1. Control 2341 2339 2776 22 6B 24.56 -
2, Chafled wheat
straw + 2% N 3139 2643 3103 2313 29 18 132
3. Chatfed wheat
straw + 2% N 29094 012 3528 3103 31.58 264

+ Arachaioing 5 D.

5. BERSEEM

An experiment to study the effect of stimulatory microbes on the vield of
Berseem fodder was Jaid cut jn randem blocks with three repeats. The plot
size was 24 x 45", The treatments applied were the same as describerd above
undet ¢xperiment No. | on wiicat crop.  The sowing ol the crop wus done on
8-10-81. Ail the treatments were harvested sitmultanously and the vield of each
treatment was recorded separately,  ln all four cuttings were harvested,  The
ohservations recorded are presented in Table 10.

TABLE 10, Egect of afdition stimulalory ssicrobes da the soil alongedth chaffod
wheat sivaw (B0 by ) per acve amended with 3 por comt NWoon fhe vield

of Berseemn fodder
yield in tons facre Percent

5, Treatment RI R11 RIII Average increase over
No. vontrol
1. Control 2548 245 224 24 2 -
2. Chaffed wheat

straw + 2% NK 212 260 27.9 270 11.3
3. T.2 + Arachuiotus sp, 320 38 30.6 321 327
4, T.2 + 5. alra 28 8 28.% 26.1 27.% 15.2
5. T. 2 + Arachniofus sp.

+ 5. afra 200 9.0 23.8 28.1 16.1
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As will be sevn from the Table both the microbes increased the yield of
the fodder appreciably,  Arachwfolns sp. showed the best performance, as it
¢nhancel] the vield of fodder, by 32.7 per cent over conirol,

DISCUSSION o

The present study indicates that, given a suitable substrate, antagonistic
organims may cxort sutfcient action in the soil to produce some organic nom-
ponnds which ultimately rzestlt in enhancing the growth and vield of the
crops, Both the stimulatory orpanisms 1e. drachndoms and S, afre when applied
to the soil alongwith chaffed whear straw during seed bhad preparations consi-
detably enhanced the yicld of crops. Arachateius sp. showed better perlormance
than &, afra and its effect was more pronvunced when it was applied alone, than
when applied i combination with 5. afra, (Tubles 1, 2 and 10). Additian of
Avachniotus sp. tu the sotl alongwith chaffed wheat straw amended with ¥ gave
better response than when applied with unamended chafled wheat straw
(Tubles 6 and 8). Amendment of the substrate with higher concentrations of
NK (4 per cent) lurther improved the action of Arachiivtus sp. and gave more
than the treatments where amendment of substrate with lower concentrations
(2 per cent NK) were used (Table 2).  Results of the esperiment on the dose
of the substrate indicate that the chalfed wheut straw when used at lower rate
Le. 80 Kgsfacre pave better resnlls than when used at o higher rates i
320 and |60 kgfacve (Table 8), Studies on the residual ellect of Avrachuivius sp.
viclded spectacular resnlts and pave an average increase of 73 8 per cent in
vield of wheat [Table 3.

The addition of chaffed wheat straw alone with ot without amendinents
alse eahanced the vield of crops in some repeats and reduced it in other repeats
{Fables 1, 2, und 6]. Tt would scem to be duc to the {aet that the soil microflora
varies in variots patches, the repeats where stimulatory microflora was prova-
lent the yicld was enlianced and where it was lacking the yield was reduced.
Seed inoculations with ““Azotopgen’’ { Amfehacter chroocvceron) has been reparted
to enhance the yield of various crops {Balis, 1946; Alexender, 1961: Meighustin
‘el al., 1963 and Hussain 1975), This increase has been attributed partly due to
the fixativn of atmosphetic nitrogen and partly due to the production of growth
stimulents (Mishustin, 1970).  The stimulatory or untagonistic microorganisms
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decompose the organic substrates in the zoil and give rise {o certain arganic
compotinds which act as growth harmones or antthivtics. The availability of
organic carbon and nittogen in the soil s knowno to affect the yicld of such
arganic compounds or antibiotics (Wright 1934, 1956, Mishnstin 1970, Alkhtar
1977, 1980). In the present studies belter ceap yields in the treatments with
amended suhstrotes would scem to be due to the hetrer production al the
organic eompounds by the antagnnistac argunisms,  These results indicate that
the enliancing of the yield was divectly co-related with the decomposition of the
organic substrate and production of the arganic compuounids. Higher increase
in the yield of wheat sown after maize due to the residual effect of cleachniolus
sp. applied to the soil befure sowiog of maize would ssem to be due {o the more
thraugh decomposition of the substrate in comparatively longer duration con-
sequentty leading to the increased production of the stimmiatory sobstance in
the soil, The antibiotic produced hy the Adracharcles spo s kouwn to supress
the activity of the soil boroe fungal pathogens und some plaat parasitic nema-
todes fAkhtar 1980, 1981), Whether the inerease in crops yiehl was cansed doe
to sapression of suil berne plant patlogens, or through enzymic action of certain
enzymes produeed by the antasonists, ar duae to the direct stimalation of the
crops growth by the organic compound praduced as a result of interaction of the
antagonistic organisms and the erganic substrates, is a quostion which requires
further investigations for the eorrect answor,  Howewver, the present studics do
indicate that the vield of erops can he signiticant]ly increased threugh the ose
af certain fungal micreorganisms, Further investigations to eonfinn and
elaborate the present findings may oend up with achicvements of revolutivnary
dimensions in agriculture.
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