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Abstract

To evaluate the effect of bio-fertilizers containing element-fixing bacteria on saffron production under drought
stress conditions, an experiment was carried out in split plots and a basic RCBD design in two consecutive years
(2020-2021 and 2021-2022) at ACECR's research complex for medicinal plants. Experimental treatments included
two levels of drought stress (50 and 100% of saffron water requirement) and six levels of fertilizer (control,
100%NPK, 50%NPK, 50%NPK-+three biofertilizers, 50%NPK+four biofertilizers, three biofertilizers). Based on
the results, the dry weight of the flower, the dry weight of the corolla and stamen, the number of flowers, and the
weight of the daughter corms decreased in both years with increasing drought intensity. Also, drought stress in the
second year had a more significant effect on reducing these traits. In both years, the use of biofertilizers containing
bacteria, along with half of the recommended amount of chemical fertilizers containing nitrogen, phosphorus, and
potash, led to the achievement of the highest dry weight of stigma, dry weight of flower, dry weight of corolla +
stamen, and number of flowers per unit area. However, the complete removal of chemical fertilizers had an adverse
effect on saffron yield. The increase in drought stress severity did not significantly impact the number of corms or
the average weight of each corm; however, it did lead to a notable reduction in corm weight. The treatment
combining biological and chemical fertilizers resulted in the highest corm weight per unit area, achieving a value
nearly three times greater than that of the control treatment. These findings suggest that the concurrent application
of biological and chemical fertilizers is advisable for fulfilling the nutritional requirements of saffron plants,
promoting corm production while minimizing the reliance on chemical fertilizers. In summary, the results of this
study indicate that biological fertilizers can effectively substitute a portion of the chemical fertilizers traditionally
used in saffron cultivation, regardless of the presence or absence of drought stress.
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Table 1- Soil moisture requirements for each level of drought stress based on soil moisture at field capacity (soil bulk
density is considered 1.4 g.cm™).
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Table 2- Information related to irrigation treatments in the first year
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Table 3- Information related to the application of fertilizer treatments
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Table 4- Information related to irrigation treatments in the second year

Sy jgy dlae PR e Srao ! bpan O
Jw  glfcey lliEb ol B b - ol.S olsis; Sl oS p le) 0S5
&b e Ete (o jwor  (wl gl )ee
Reference Saffron Water. Water.
o o Days after Plant crop crop consumption consumption
Year Irrlgat:;m lrr‘ligitlon the first coefficient  eyapotrans  evapotrans g;f,/“’“':d 1]:]6(:)r0/1'0un:1
roun ate irrigation (Ke) piration piration ( o water ( ‘o water
E10) (Etc) requirement requirement
( treatment) treatment)
- - - day - mm mm L L
Jil s )l,j
(ol 1)
First 2021/10/29 . - - - - -
irrigation
(Soil
water)
po> Sl
§ Second 2021/12/19 48 0.49 182.59 89.4691 322.089 644.178
% .;‘ irrigation
n g 1
28 el
A Third 2022/01/20 80 0.49 71.05 34.8145 125.332 250.664
irrigation
plee LS)l:ei
Fourth 2022/02/19 110 1.25 104.98 131.225 472.41 944.82
irrigation
S
Fifth 2022/03/17 136 1.25 186.88 233.6 840.96 1681.92

irrigation
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Figure 1- Daily maximum temperature, daily minimum temperature, daily average temperature, and daily precipitation
during the experimental period.
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Table 5- Analysis of variance of the studied traits of saffron

Slasye (ke
(MS)
.5”49.3 At . e A . e . “ K}) ‘b.”ﬁ
S gobio &35l 4, AYE Suid 9 Sk oy MR TERL SIS0 v
+
S.0.V df Stigma dry weight Flower dry weight Corolla s.tamen Number of flowers
dry weight
FGS SGS FGS SGS FGS SGS FGS SGS
Sk
lock 2 0.1352 * 0.3344 ns 10.83 ** 29.17 * 8.69 ** 23.31 ** 6867.82 ** 11996.44 **
Bloc
D © b o (S) 1 0.0544 ns 10.6711 ** 6.08 * 730.80 ** 4,76 * 564.85 ** 3767.91 * 290161.77 **
rought stress
| oMW glas
I\‘/-IYL'D ul P 2 0.0469 1.4411 0.77 102.09 0.42 79.27 343.52 40711.11
ain-plot error
>
F 'l'ﬁ (F) 5 0.5784 ** 1.0011 ** 28.24 ** 108.54 ** 21.01 ** 88.97 ** 16244.92 ** 45630.57 **
ertilizer
e .
SHF 5 0.0744 ns 0.0204 ns 1.67 ns 0.62 ns 0.98 ns 0.51 ns 795.59 ns 267.37 ns
5 oM sl
55;: T i 20 0.0294 0.1197 1.30 5.09 1.02 3.76 779.38 1931.37
ub-plot error
- ‘ o -
“C"*\”; ;;’;" 13.97 29.80 13.91 21.27 14.35 20.52 1439 20.51
V. 0

o> S5 g gy Jloinl mlaw )3 (g0 e (g5 xe pas xS iy & e g % IS
Ay ped Jw :SGS sy Jol Jw :FGS

In each column, *, ** and ns, indicates significant difference at 5%, 1% and non-significant, respectively.
FGS: first growing season, SGS: second growing season.
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Table 5 (Continued)- Analysis of variance of the studied traits of saffron

Ol po (3ake
(MS)
35 e @3ljl ey & 039 w SQ 09 oabe & dlass
S.0.V df Corm weight Average weight of one corm Number of corms
S
: 2 463951.5 ** 0.3170 ns 78855.11 *
Block
b o 1 458780.4 * 0.2412 ns 27335.23 ns
Drought stress (S)
oM glas
“Lf R 2 238891.1 0.0581 32732.47
Main-plot error
5
L 5 17244829 ** 0.3835 171548.44 **
Fertilizer (F)
Lo il
Jf > 5 20341.5 ns 0.2368 12743.10 ns
S*F
5 My glbas
PR 20 74714.4 0.2381 19185.77
Sub-plot error
- l ‘o .
T e 19.27 18.88 25.13

C.V. (%)

oy K g gy Jleis! pdaw (3 (g5 gine (g0 pxe pas odimd LS a5 4 s g % DS
Ay ped Jo :SGS sy Jof Jlo :FGS

In each column, *, ** and ns, indicates significant difference at 5%, 1% and non-significant, respectively.
FGS: first growing season, SGS: second growing season.

Oy 0,8es b bad jo Sldo  dddi g (SWid Wi 51 (plo du B0 -1 Jos
Table 6- Mean comparisons of the effect of water stress and yield-related traits of saffron

— QYS Suls 3 0 Suis gy MER TSRl SIS 5 slass
e Stigma dry weight  Flower dry weight Corolla+s.tamen Number of flowers
Treatment dry weight
FGS SGS FGS SGS FGS SGS FGS SGS
g.m* g.m? g.m> no.m
Si
@T 5 Aoy Ve 1.26 1.70 8.61 15.11 7.33 13.41 204.10 304.00
100% of water requirement
S2
‘:vl BINIRWSL AR 1.18 0.61 7.79 6.17 6.61 548 183.64 124.44
50% of water requirement
LSD at 5% level of significance 0.11 0.24 0.79 1.56 0.69 1.34 19.41 30.55
Fi
(s 03lo g5y 3l onlial pic) smls 0.80 0.60 5.18 5.16 438 4.58 121.55  104.05
Control (no use of any nutrient material)
F2
5k d)90 NPK 7\~ 1.45 1.60 10.12 14.43 8.55 12.81 237.48 290.67
100% of required NPK
Fs
(™ d)90 NPK /.o 1.18 0.95 7.85 9.18 6.65 8.23 185.18 186.56
50% of required NPK
F4
i) 355 ¥ g 3L 5,90 NPK 70+ 136 1.28 8.85 11.26 7.46 10.19 207.50  226.64
50% of required NPK and 3 biofertilizers
Fs
i3 355 ¥ g 3L 3,90 NPK 70+ 1.61 1.61 10.93 16.31 9.35 14.71 259.90 33327
50% of required NPK and 4 biofertilizers
Fe
s j 295 0.95 0.91 6.41 7.26 5.48 6.35 151.63 144.05
Biofertilizers

LSD at 5% level of significance 0.20 0.41 1.37 2.71 1.20 233 33.62 52.92
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Table 6 (Continued)- Mean comparisons of the effect of water stress and yield-related traits of saffron

o 4 059 A Sy ()9 oeile &y S
3 Corm weight  Average weight of one corm  Number of corms
Treatment
g.m?> g no.m
Si
B RWITR PR 1531.02 2.6663 578.67
100% of water requirement
S2
P RSy 1305.24 2.5026 523.56
50% of water requirement
LSD at 5% level of significance 190.06 0.3393 96.31
Fi
(ise oo g5y jl oolissl pac) dals 739.7 2.5932 288.12
Control (No use of any nutrient material)
F2
5L 3,90 NPK 7N+ 1784.3 2.8899 629.38
100% of required NPK
Fs
5 5590 NPK 70+ 1120.8 23751 480.00
50% of required NPK
Fa
) 395 ¥ g 5L 3,90 NPK V- 1561.3 2.5391 637.58
50% of required NPK and 3 biofertilizers
Fs
s 355 g L 5,90 NPK 7 2210.4 2.8535 778.67
50% of required NPK and 4 biofertilizers
Fe
s ) 39S 1092.3 2.2558 493.25
Biofertilizers
LSD at 5% level of significance 329.19 0.5877 166.82
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Table 7- Correlation coefficients of the studied traits

+ I el SS9

- DI s 39 J5 S5 o5 Jolai du s S ojg oaSle Al
Traits Stigma dry  Flower dry ~ Number of Corm Average weight of  Number of
weight weight Corollatstamen dry flowers weight one corm corms
weight
S S22 59 |
Stigma dry weight
IS 03 0.97** 1
Flower dry weight
prnt Bl Sis gy
Corollat+stamen dry 0.96** 0.99** 1
weight
¢ sls
7 ol 0.96%* 0.99%* 0.99%* 1
Number of flowers
ok 0.55%* 0.63%* 0.64%* 0.64%% 1
Corm weight
S O el
Average weight of one  0.25ns 0.34%* 0.65%* 0.35% 0.43%* 1
corm
4 s
R 0.47%+ 0.51%* 0.51%+ 0.51%  (.86% -0.05 ns I

Number of corms

Doy ) 50 e (0 () S g I Jire il T 4

% AS

* ** and ns, indicates significant difference at 5%, 1% and non-significant, respectively.
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