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Table 1- Analysis of variance of effects of stress, methyl Jasmonate and Biochar on
photosynthetic characteristics

a2l .
S| 8o 9 oo ‘ﬁ.l)b'
a0 ) Colas Colan ] Siweid O]
oS 2ilio o Siasgid SEGT 1,5 &% ‘ L S gae ST
(L) . &laizg, 499 30 j Photothyntetic
S.0.V. hotosyntesis i ; E Y
df P o ©) BC)'){) Gs Mc v:z?tsetraE;e water use
i .
efficiency efficiency
(block) 'oks 4 0.21™ 211.42" 0.14™ 0.0001™  0.0000™ 0.29" 55.09"
(stress) iss 2 345.81%* 78568.80**  37.21** 0.0177** 0.0126** 6.17%* 32496.65**
Slgowler oo
Methyl ) 2 22.85%%* 21095.82**  3.07**  0.0025*%*  0.0019** 2.66%* 1516.82%*
(Jasmonat
(Biochar) )z g 2 31.15%* 32808.07**  5.40%*  0.0035%*  (.0029** 0.34" 899.85%*
e XA 4 3.19%* 1569.99" 0.25™  0.0009%*  (0.0003%** 0.16" 749.68%%*
(S x mJ) ©lgowls
(SXB)lz gus x (i 4 2.34%:* 111.53™ 0.08™  0.0004**  0.0006** 0.46%* 587.03%*
e sl 4 2.99%:* 1152.39™ 0.14™  0.0007**  0.0005%* 0.20™ 413.40*
o x g5
e guxligouwls 8 0.60* 713.39™ 0.14™ 0.0001™  0.0001%** 0.20™ 348.71*
S x Mj x B
(Error) Uas 104 1.92 2694.42 0.34 0.0002 0.0002 0.33 231.70
CV) T Ol ks g i 13.57 17.14 18.80 19.98 18.55 17.02 15.40

aBbos o3 ) 50 Jleisl mhaw jo s e g s e Dglas w8l coiaailas s i a4 %
ns, * and ** are non-significant and significant at 5% and 1% probability levels.
g g p y
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Table 2- Analysis of variance of effects of drought stress, methyl Jasmonate and Biochar on
some of biochemical and physiological characteristics

a0 sl Slgiomo @ oglle N
Sl lie oly7 e i I o
S.0.V. b L - Proline ;i Soluble
df SPAD RWC MDA
carbohydrate
(block) sk 4 119.96™ 52.84™ 0.10™ 0.02™ 1378.84"™
(stress) i 2 254234 2146.67FF  6236%F 1326  182467.14%*
(Methyl Jasmonat) <bgawls uis 2 417.15%%  30051%% 253k (74%* 9013.95%*
(Biochar) L s 2 382.66%F  611.12%%  434%  0.89%F  20629.00%*
(S X M) Slgamls ko x i 4 75.75%% 65.04™ 121%%  (.12% 4800.717%*
(S¥B),lo gas x i 4 62.30* 28.01™ 1.60%* 0.05™ 4385.89%
(B X MJ) Sbgouslr o x g0 4 150.26%* 85.15™ 0.24%% 0.04™ 834.19™
S gmxcliganls deia x A 8 16.19™ 9.40™ 0.34%* 0.02" 441.17™
SxMjxB
(Error) W 104 2042 61.50 0.26 0.02 590.51
CV oy 7. i oy - 14.29 11.64 18.65 12.45 15.05

il ao )0 ) 90 Jlasl mdaw jo s e g o e Dl a3l cimailis s 5
ns, * and ** are non-significant and significant at 5% and 1% probability levels.
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Figure 1- Changes in net photosynthesis rate of barley under drought stress using biochar
and methvl Jasmonate
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Figure 2- Changes in stomatal conductance of barley under drought stress using biochar and
methvl Jasmonate
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Figure 3- Changes in photosynthetic water use efficiency of barley under drought stress

using biochar and methvl Jasmonate
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Figure 4- Changes in proline content of barley under drought stress using biochar and methyl
Jasmonate
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Table 3- Comparison of the mean interaction of drought stress and methyl Jasmonate on some
physiological and biochemical parameters

ey ols,l\.;[.ulq Jusio Sldijgy colun o o a5 aaall (60 ollo Ol youn g S
stress ethyl Gs ; SPAD MDIA Carbohydrate
Jasmonate (cm.sec™) (nmol.g” FW) (mg.g” FW)
Regular Contro! 0.071a 38.16b 0.73f 97.23f
Trrigation 75 umol/h?er 0.082a 4291a 0.60g 93.56f
150 pmol/liter 0.055b 35.43b 0.78f 97.06f
Control 0.045bc 30.37c 1.31d 159.51d
S 60% - FC 75 pmol/liter 0.052b 35.73b 1.10e 147.73¢
150 pmol/liter 0.035¢d 30.47¢ 1.27d 188.25d
Control 0.024d 19.54¢ 2.02a 250.53a
S 30% - FC 75 pmol/liter 0.034cd 26.61d 1.60c 193.96¢
150 pmol/liter 0.033d 25.35d 1.74b 224.93b

W gl sme BB o0 B ezl mhaw (o STls 9951 ool 2 g 5o 50 alie Bgy> b slanSileo
Means with similar letters based on Duncan test showed no significant difference at 5% probability level.
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Table 4- Comparison of the mean interaction of drought stress and Biochar on some
physiological and biochemical parameters

> ldijgy culan ol a2, =
S Sz s )g <o T b e RETRVPTS Ol
tress Blochar S SPAD Carbol_llydrate
s (gkg™) em.sec’) IWUE (mg.g " FW)
(pmolCO,.mol H,O™)
Regular control 0.065b 2.53ab 37.63b 96.69d
Trrigation 1.5% 0.085a 2.60a 42.90a 91.53e
3% 0.059bc 2.43b 35.97b 99.63d
control 0.042d 1.71de 28.30¢c 168.31b
S 60% - FC 1.5% 0.053¢ 2.02¢ 36.98b 140.64¢
3% 0.037de 2.08c 31.29¢ 186.54b
control 0.027¢ 1.80d 23.79d 239.22a
S 30% - FC 1.5% 0.036de 1.67¢ 24.98d 180.24b
3% 0.029¢ 2.05¢ 22.73d 249.95a

W55 (gl sme BB o0 B Jlezs| e (o STls 5395) ol 2 Oygim 5o 50 alie gy b slanSileo
Means with similar letters based on Duncan test showed no significant difference at 5% probability level.
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Table 5- Comparison of the mean interaction of methyl Jasmonate and Biochar on some
physiological and biochemical parameters

liganlr o Sz oK s 5L sl Sals

Methyl Jasmonate Biochar (g.kg™) SPAD em. S:C—l)
control 29.71bc 0.043bc

Control 1.5% 30.19bc 0.053b
3% 28.18¢ 0.047bc

control 29.65bc 0.052b

75 pmol/liter 1.5% 42.15a 0.074a
3% 32.44b 0.042bc

control 29.30bc 0.039¢

150 umol/liter 1.5% 32.52b 0.047bc

3% 29.43bc 0.038¢

W gl sme WS o0 B ezl mhaw o (STls 9951 ool 2 g 5o 50 alie By s> b sla nSileo
Means with similar letters based on Duncan test showed no significant difference at 5% probability level.
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Abstract

This experiment was conducted in order to investigation the effects of using
different quantities of mineral biochar and spraying of methyl Jasmonate on some of the
physiological and biochemical characteristics of spring barley under moderate and
severe levels of drought stress at the experimental greenhouse of the university of
Zanjan as a factorial experiment in randomized complete block design in pots in five
replications in 2019-2020. In this experiment levels of stress included in three levels of
drought stress (100% FC as the none stressed, 60% FC as the mild stress and 30% FC as
the severe stress), biochar application before cultivation in three levels (without biochar,
1.5 % and 3% of the soil weight) and foliar spraying of methyl Jasmonate in three levels
(0, 75 and 150 pmol per liter). Results showed that drought both in moderate and in
severe levels caused significant difference in studied factors. Drought led to reduction in
photosynthesis, stomatal conductance, photosynthetic water use efficiency, SPAD index
as well as increasing in concentration of MDA, proline and soluble carbohydrate but
using different levels of biochar in soil and spraying Methyl Jasmonate caused
enhancement in these characteristics. Although using higher levels of these materials
didn’t have considerable positive effects on studied factors. Moreover, application of
higher levels of these materials, did not make considerable positive effects in some
attributes and indexes. It seems that using these anti-stress substances, can be a
stimulating approach against lack of water, however, utilization of higher levels can be
more disastrous for crop plants.

Key words: Drought stress, Photosynthesis, Relative water content, Soluble
carbohydrate, Transpiration.
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