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Introduction

Fenugreek (Trigonella foenum-graecum) is an annual plant belong to Fabaceae and is one of the
traditional medicinal plants worldwide. It can provide seed and protein suitable for human's nutrition as well as
animals. Water scarcity is a key threat in twenty-first century. On average, 40% of the world land surface are
drylands, while this surface area is 90% in Iran. Supplying water requirement of Fenugreek through irrigation is
an important factor affecting its growth and yield.

Material and Methods

The experiment was conducted as split plots based on randomized complete block design with three
replications at the Research Farm, Faculty of Agriculture of shahed university, Iran, in 2014 and 2016. The
main-plot was three levels of drought stress, included severe drought stress (20% field capacity), moderate
drought stress (40% field capacity), mild drought stress (60% field capacity) and non-drought stress (80% field
capacity) as control. Sub plots were nine Fenugreek ecotypes including Neyshabur, Shirvan, Mashhad, Tabriz,
Roudsar, Isfahan, Hamadan, Ardestan and Shiraz. At maturity, and the plants were harvested from the soil
surface and the plant height and number of lateral branches, number of pod per plant, number of seed per pod,
1000 seed weight, seed yield and aboveground biological yield were measured in the lab. Statistical analysis
carried out using SPSS version 16 software. Significant difference was set at p < 0.05 by using Duncan’s
multiple range test.

Results and Discussion

Results of stepwise regression showed that the traits including biomass, harvest index, branch length and
number of pods per plant explained 96.7% of grain yield variation, respectively. Factor analysis for
morphologic, yield and component yield traits showed the first three independent factors explained 93.48%
of total variance in all genotypes. Days to maturity with 36.47% of total variance had the highest amount in
the first factor, while, number of seeds per plant and seed yield with 29.74% and 27.07% of total variance
were ranked as second and third factors, respectively. Cluster analysis by Ward’s minimum variance,
clustered ecotypes into three groups including 1- Isfahan, Ardestan, Hamedan and Shiraz 2- Mashhad and Tabriz
3- Shirvan, Rudsar and Neyshabur. The results showed that, the plant height, Internode length, nhumber of pod
and seed per plant, 1000 seed weight, biological and seed yield and harvest index significantly affected by
drought stress and ecotypes. The highest plant height, number of pods, 1000 seed weight, biomass, seed yield
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and harvest index was recorded in Shirvan ecotype while, the longest day to maturity and height of first pod
were observed in Neyshabur ecotype at 80% FC. The highest plant height, the first formed pod, 1000 seed
weight, seed yield and harvest index in Shirvan ecotype were observed in the 40% FC.

Conclusion

Drought stress reduced all studied traits in all Fenugreek ecotypes in this experiment. For seed yield, the
performance of shirvan ecotype was the best compare to other ectypes in control and mild and moderate stress
condition. The highest distance of the first pod from the soil surface in the control condition was observed in the
Neyshabur ecotype but in the moderate stress condition in Shirvan ecotype, this trait is important for the
mechanized cultivation. Based on the results, there is a reliable variation amongst different Iranian Fenugreek
ecotypes and they could use for breeding programs against drought stress. It also seems that Shirvan ecotype of
Fenugreek can be considered for stable seed and biomass production under moderate drought stress and normal
conditions.
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Table 1- Temprature and precipitation data of sinoptic meteorological station of Immam Khomeini Airport (The nearest
meteorological station to experimental farm) during years of the experiment
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ns, ** and * means not significant and significant at probability level of 1 and 5 percent, respectively.
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Table 3- Main effect of growth season phenologic, morphologic and yield and yield components of Fenugreek
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Means followed by similar letters in each column are not significantly different at 5% probability level, using Dancan’s multiple rang
test.
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Table 4- Mean comparison of mean interactions of drought stress and ecotype on growth characteristics, yield components
and yield of fenugreek during 2014 and 2016

.. ol W . . . . 5 Slos )
N W R ghasls b W WP N 0l gy T O
O PR Saww,  Plant Inti - d 1. Branches la SWe e > &l Biological Cwild

i nternoae XN R+ «de i Seed
Stress Lanrace Day to height length (cm) " * length (cm) Podsper  Seeds 1000 seeds yleltrl2 od Harvest
maturity (€M) Height of first 9 plant  perpod weight(g) (©M%) YIEIC  (%)index
pod (cm) (g.m?)
Holis (N) 100a 35.7b 2.65fg 25.20a 75.26a 13.70b 9.53ck 7.74kn 234.86b 51.54de 21.55hj
Shi
‘(‘5)‘4)3 79.3d 40.5a 2.88cf 21.90bc 66.6a 17.40a  11.80ag 12.90ab 336a 127.84a  37.95ad
(S5

Sguio (M) 77.2de 35.1b 3.07cd 24.20a 49.53b 9.72de 14.30ab 10.60df 274.51b 94.77b 34.47af
80 2 (M) 77de 39.6a 3.15bc 24.80a 29.6eg 7.37eh 14.90a 12.80ab 260.78b 79.45¢ 31.08dh
FC s (R) 93.7hc 24.2fj 2.12jm 17.20fj 67.8a 16.50a  10.70bi 6.81mo 257.43b 78.41c 29.65di
okl (1) 75.2dg 29.5¢ 2.92cf 19.60de 27eh 6.55fi 8.77fk 8.53il 99.89%g 30.61fj 30.90dh

Shea (H) 76.2df 33.7b 3.62a 23.40ab 20.7gi 5.48hj 12.90ad 12cb 134.05de  46.31df 34.55af

Slwsyl (A) - 70.3dh 29.0cd 3.40ab 18.60eg 33.7df 12.40bc  11.50ag 9.91eh 153.24cd 55.87d 37.35ae
31ya (Shr) 77de 29.5¢ 2.90cf 2lcd 36.4ce 8.25df  12.80ae 9.12gj 175.36¢ 55.86d 32.18bg

s9kis (N) 101.3ab 22.0ij 1.733np 19.50de 47.1bc 8.03dg 7.95gk 7.90jm 116.14de 29.42gj 25.32fj
ayes(Shi)  72.7dh 28.3ce 2.48gh 19.20df 11.1ik 4.87hk 10.10cj 11.90ch 84.86fg 36.67eh 43.35a

Sguio (M) 71.7dh 27.0cg 2.20hk 19.70de 10.ik 4.67ik 12.57af 13ab 79.72fg 30.31fj 38.37ad

. 5 (T) 70.7dh 27.7cf 2.67df 15.50hl 9.83ik 4.57il 9.53ck 13.60a 94.35eh 35.95fh 37.33ae
/F? 9, (R) 90.7¢ 26.3ch 1.77np 15.30hl 42.7hbd 10.25cd  12.70ae 8.08jm 120.43de  39.28eg  32.28bg
Sl (1) 71dh 22.4i 2.43gi 15.90hl 11.8ik 4.38im 9.68ck 10.4dg 73.79fg 24.54qj 33.67af

Sea (H) 70.3dh 28.0ce 2.95ce 18.90df 13.4ik 4.93hk 8.23gk 11.40cd 74.33fg 27.80gj 37.53ae

Sl (A) 67.3fh 25.7dh 2.80df 171j 16.4hg 5.75¢j 9.78ck 11.10ce 91.39%h 34.94fi 38.25ad

51y (Shr) 72.5dh 24.2fj 2.42gi 17.60eh 21.7fi 4.54il 13.02ac 9.81eh 98.20eg 32.72fj 33.33af

el (N) 94.5bc 17.3Im 1.55pq 14.20kn 36.2ce 5.80gj 7.83hk 6.91mo 89.99eh 16.92j1 20.78hj
Oloss(Shi)  71.0dh 23.60j 2.08jm 17.60ei 6.83jk 3.23jo 9.08dk 10.80ce 75.52fg 26.02gj 34.92af

Ao (M) 70.2dh 22.0i 2jm 17.10fj 8.38ik 3.35j0 7.98gk 10.10dh 54.58¢i 16.83j1 29.97di

4 35 (T) 69.3eh 21.0jk 2.20hk 15.20il 5.98jk 3.22jo 8.92ek 8.80hk 55.53gi 16.09j1 29.25dj
/F(S 39, (R) 88.2¢c 16.4In 1.83mp 12.90mp 8.61ik 4.23in 9.13ck 7.88jm 52.92gi 20.58hl 39.83a
okl (1) 67.8eh 20.9jk 2.08jm 14.30kn 8.59ik 3.37jo 8.47gk 9.54fi 52.60gi 21.60hk 42.83a

Shea (H) 68eh 24.9di 2.30hj 17.50ei Ok 2.75ko 8.50gk 10.60df 49.79hi 17.47j1 35.10af

syl (A) 65.5h 22.0i 2.20hk 15.20il 5.41jk 3.17jo 11.58ah 9.94eh 48.31hi 18.28il 39.75ab

51y (Shr) 70dh 22.7hj 2.15il 16.30gk 10.5ik 3.68jo 10.47ci 7.50In 60.68gi 20.03hl 34.05af

ol (N) 79.3d 9.5q 1.12r 11.10pr Ok 2.02lo 6.05KkI1 4.66p 21.17hi 3.851 19.07j

Ol s3(Shi) 66.7th 15.6lo 1.87lo 13.70lo 0Ok 1.420 6.42j1 7.240 25.62hi 4.641 19.40ij

Spedeo 7. 15.0lo 1.72n| 12.80m)| 0l 1.030 7.37i 7.75kn 22.28hi 4.35] 1.07

M) 67.3fh ol p 0mp k 3 il ki 2.28hi | 21.07hj

X 2 (T) 65.3h 15.20l 1.580p 12.60nq 0Ok 1.65n0 3.80kI 7.52In 27.21hi 4.191 21.77gj
{:2(_? 39, (R) 72.3dh 11.2pq 1.28qr 9.18r 0Ok 1.80mo 6.47jl 6.52no 23.57hi 6.30kI1 27.42dj
ool (1) 64.8h 14.2mp 1.70np 11.500q 1.22k 1.82mo 7.45il 6.48no 25.04hi 7.09k1 26.82¢j

Shea (H) 66.0gh 18.1kI 2jm 14.90jm 0Ok 1.300 6.85il 7.56In 26.32hi 4.99kI 18.92j

Ol (A) 63.5h 13.2np 1.90km 11.900q 0Ok 1.77mo 9.80ck 6.89mo 17.45hi 5.46k| 30.67dh

Jys (Shr)  65.8gh  12.80q 1.53pq 10.40qr 0k 1.380 6kl 6.080 18.14hi 3.541 24.33fj
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b o i g ol e ¢y loduol cpdgy (s oo ¢l i el segr (slaodgs (gosmalis sy T, R, I, H, A, Shr
Means followed by similar letters in each column are not significantly different at 5% probability level, using Dancan’s Multiple
Rang Test. Letters N, Shi, M, T, R, I, H, A, Shr refer to Neyshabur, Shirvan, Mashhad, Tabriz, Roudsar, Isfahan, Hamadan, Ardestan
and Shiraz landraces, respectively.
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Table 5- Correlation coefficients of the studied traits of Fenugreek ecotypes under drought stress
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Figure 1- Dendrograms derived from grouping of nine Fenugreek ecotypes based on yield under normal conditions and
drought stress using Ward method
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Table 6- Amounts of initial eigenvalue and cumulative contributions of morphological and yield indices under normal and
drought stress conditions in 9 Fenugreek ecotypes
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Table 7- Factor matrix of the studied traits on Fenugreek ecotypes under normal and drought stress conditions

Olhw Jol Jele 093 Jole egw Jols

First factor Second factor  Third factor
oLS ¢ls,l Plant height 0.954 0.087 -0.246
0,5ke Job The length of Internode 0.573 -0.442 -0.607
b 45ls Job Lateral branch length -0.441 0.494 0.735
Sy b 59, Days to maturity 0.981 -0.044 0.057
b S5 BMe gl el Height of first pod -0.139 0.832 0.471
kol M sl Number of mean pods -0.606 0.678 0.269
Y 3 4l slass Number of seeds per pod 0.128 -0.164 -0.775
gy 4l slis Number of seeds per plant -0.386 0.019 0.890
by ,l5a 55 1000 seeds weight 0.827 0.051 -0.542
S39am 5,Ses Biological yield 0.185 0.889 0.370
4l 3,Slee Seed yield 0.294 0.917 -0.250
cuby Lasls Harvest index -0.085 0.043 -0.971

Mibge Jole o > Glas (o Sk odimd il 0l S5y 4 dlas!
Bold numbers represent the most important factor in each agent
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