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Introduction

Nowadays, the cultivation of plants adapted to adverse conditions, such as drought and salinity, in the
country has been considered. Meanwhile, Kochia scoparia, one of the forgotten plants, due to its classification in
the group of halophytes, has specific characteristics suitable for cultivation in low-water and saline areas (Salehi,
Kafi, & Kiani, 2012). This plant is known as an important annual forage crop, and its grains also have high
nutritional value and oil, which can be considered for future industrial applications (Salehi et al., 2012). Studies
on the salinity tolerance of the Kochia plant have shown that it is suitable for cultivation in saline areas, and in
terms of quantity and quality, can compete with conventional forage plants. The use of natural organic materials,
such as humic acid, has received more attention. These materials, as part of soil organic matter, are influenced by
physical, chemical, and microbiological changes in biological molecules (Sabzevari & Khazaei, 2009; Dong,
Cordova-Kreylos, Yang, Yuan, & Scow, 2009). Additionally, nitrogen is the most important element needed for
plant growth and development. It is also a key component in many biological compounds, including proteins,
nucleic acids, some hormones, and chlorophyll. Nitrogen plays an essential role in photosynthetic processes and
the final function of plants (Kaur, Gupta, & Kaur, 2002; Taiz, Zeiger, Mgller, & Murphy, 2015). As a result of
this research, a combination of nitrogen and humic acid can be used as nutritional resources in salt stress
conditions.

Materials and Methods

This experiment was conducted in the form of split plots based on the randomized complete block design
with three replications in the Saline Research Farm of Ferdowsi University of Mashhad in the 2015 growth
season. The main plot included drought stress with a four-week interruption of irrigation at three levels of
control (irrigation until the end of the growing season), after establishment (50 days after planting), the
beginning of flowering (71 days after planting) and late flowering (82 days after planting) The subplot was
included nitrogen application at three levels of zero, 100 and 200 kg.ha from urea fertilizer source. The
optimum level of humic acid (2 per thousand) was done as seed at the time of planting for all treatments.

Results and Discussion

The results showed that the drought stress during vegetative and reproductive growth stages had a negative
effect on the Kochia plant. However, its effect in the early stages of vegetative growth (after establishment) was
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greater than the stress at the end of the season (late flowering). Drought stress has a negative effect on Kochia
grain yield by reducing the concentration of chlorophyll a, altering the chlorophyll a to b ratio, decreasing
carotenoid concentration, and affecting relative leaf water content. However, seed treatments of humic acid and
its combination with 100 kg.ha nitrogen level by increasing the concentration of total phenol, soluble
carbohydrate concentration, and DPPH free radical scavenging capacity improved photosynthetic pigments and
finally kochia grain yield. In general, the most suitable treatment for use in drought stress and saline water
source conditions was the combined method of sowing humic acid seeds with 100 kg.ha™* nitrogen fertilizer.

Conclusion

In general, the occurrence of drought stress in vegetative and reproductive growth stages had a negative
effect on the kochia plant. However, its effect in the early stages of vegetative growth (after establishment) was
greater than the stress at the end of the season (late flowering). The most suitable treatment was using the
combined method of seed of humic acid with 100 kg.ha* nitrogen fertilizer.
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Main error
03358 ol 2 60.35" 57.94" 0.63" 797.59"
Nitrogen application (N)
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5 cllas
o2 16 9.87 5.66 0.04 30.83
Sub error
e - 6.0 8.4 104 10.9
C.V (%)

il e Jo > S g doyd g Jlein ] prdaws )3 Y15 dxe )5 dxe il pagie 4 i 4 *F 9 F NS
ns, * and **: are non-significant and significant at 5% and 1% probability levels, respectively
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Table 4- Mean comparison effects of different times of drought stress and nitrogen consumption in combination with humic
acid on different traits of kochia in the field
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content Chlorophyll a to (mg.gt FW) Relative water
(mg.g* FW) b ratio content (%)
(10L3) ooy b o
(Control)
O ol Syl 5 e
s After 43.0 1.8 428 52
Time of establishment
drought G2 el 49.7 1.9 51.9 54
stress Early of flowering
25 2l 51.3 21 54.4 53
Late of flowering
LSD 0.05 2.8 0.2 5.1 3
537 355 0 493 2.1 38.8 55
Nitrogen 100 49.3 18 54.5 52
(kg.had) LSD 0.05 25 0.2 4.4 4
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Table 5- Source of variance (mean square) of physiological traits in leaves and yield of kochia under time of drought stress
and nitrogen application

(Mean square) e po (Sl
- Jale sk Cod b
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S0V v éelafive elg Jloxe itilﬁ o ) ol
df water Electrolyte soluble phenol Prolin DPPDHPPI_(;' | Grain
radica ;
content leakage  carbohydrate gontent  CONteNt scavenging yield
content capacity
S 19ms 73m 0.09" 37 0.8™ 8ns s
Replication
i 5 olej
Time of 3 85" 574" 271" 7017 56.3" 164" 19"
drought stress
(TD)
shel sl 6 9 49 0.01 157 0.5 26 14
Main error
0395 355 Ol
Nitrogen 2 82" 163m 0.03m 2314™ 21.9" 130™ 269™
application (N)
TDxN 6 31ns 156" 1.62™ 4450™ 6.1™ 74" 73"
oo sl 16 27 64 0.03 288 0.9 21 9
Sub error
el - 8.6 13.6 8.1 9.2 11.2 10.6 95
C.V (%)
Wil o oy SO g doyd gt Jlein ] prdaws )3 )ls xe 5 dme il pagiie 4 ol 54 FFFNS

ns, * and **: are non-significant and significant at 5% and 1% probability levels, respectively
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Table 6- Mean comparison of interactions of effects of time of drought stress and nitrogen consumption on different traits of
kochia in the field

o ol 3 clale i Olydugs 5 Total o J&al, "“'ﬁ'“”e 3, Sos
Suis Ojar TETNT R VORI Jgloe phenol kol DPPH al;1 &l
Time of Nitrogen  Chlorophyll  Electrolyte Soluble content czmlelr?t DPPH radical  Grajn
drought fertilizer b content leakage carbohydrate  (mg galic | scavenging yield
stress (kg.hal)  (mg.gtFW) (%) content (mg acid.g! (mg.g capacity (Mg (g.m)
glucose .g*t FW) FW) ascorbate.g!
FW) FW)
- 0 344 36.9 16 15.0 6.1 5.1 36.9
by el 100 237 478 15 175 3.7 34 338
Field capacity 5 26.7 52.7 2.7 18.9 47 33 34.4
il 1 e 0 24.6 65.9 3.3 27.8 10.6 4.8 39.2
After ) 100 225 68.8 3.2 21.3 11.8 49 28.3
establishment 200 25.0 57.5 1.4 14.5 8.2 45 40.7
A5 kel 0 26.9 56.8 1.2 134 8.4 4.3 43.7
Early of 100 23.9 58.8 13 16.4 5.2 45 283
flowering 200 27.7 52.2 1.7 15.0 6.4 4.1 27.3
a5 3l 0 242 67.3 15 16.9 11.9 5.0 389
Late of 100 23.4 65.9 1.7 15.9 9.7 4.8 324
flowering 200 27.4 495 1.6 14.3 6.9 4.8 28.3
LSD 0.05 3.7 13.0 0.3 2.7 15 0.8 5.5
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