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Table 1. Some physical and chemical properties of soil and amendments tested.
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Soil texture Type of amendments

S 5K ool e (%)
/n Mn Fe Cu K P
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Biochar of rice straw
& 4.“; -
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Municipal waste compost
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Bentonite
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Table 2. Analysis of variance (mean squares) effect of drought levels in amendment treatments on soil
phosphorus and potassium available in different stages of growth of quinoa plant.

K3 KZ K] P3 Pz P] df
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Drought levels
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3126.73 3377.54 5851.09 16.11 12.88 33.93 8
Amendment treatments

*x *x *x * ok o liS A Ms!l gl jlas s i |
272.90 95.90 184.01 2.12™ 379 6.14 24 Canl St el
Effect of drought levels* Amendment treatments
(/) U
28.67 27.57 9.62 6.43 0.018 1.93 72
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* *% and ™ significant in 5%, 1% levels and no significant. P;: amount of p in four-leaf stage, P,: amount of p flowering
stage, P3: amount of p in harvest stage. K;: amount of k in four-leaf stage, K,: amount of k flowering stage, K3: amount of k
in harvest stage quinoa plant.
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Figure 1. Interaction of drought levels in application of different amounts of soil amendments on soil available
p (mg/kg) in four-leaf stage of quinoa plant .(A: discharge of 25% available water, B: discharge of 40%
available water, C: discharge of 55% available water and discharge of 70% available water. C,: Control,
B,: Biochar 0.4%, B,: Biochar 0.8%, C,;: Compost 0.4%, C,: Compost 0.8%, Ben,: Bentonite 0.75%,

Ben,: Bentonite 1.5%, Z;: Zeolite 0.75%, Z,: Zeolite 1.5%. Similar letters, indicate a significant difference in
the level of 5%).
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Figure 2. Interaction of drought levels in application of different amounts of soil amendments on soil available
p (mg/kg) flowering stage of quinoa plant (A: discharge of 25 % available water, B: discharge of 40% available
water, C: discharge of 55% available water and discharge of 70% available water. C,: Control, B;: Biochar
0.4%, B,: Biochar 0.8%, C;: Compost 0.4%, C,: Compost 0.8%, Ben;: Bentonite 0.75%, Ben,: Bentonite
1.5%, Z,: Zeolite 0.75%, Z,: Zeolite 1.5%. Similar letters, indicate a significant difference in the level of 5%).
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Table 3. Effect of drought levels and amendment treatments on soil available p (mg/kg) in harvest stages of
quinoa plant.

Zz Z] Ben2 Bel’h C2 C] B2 B] Co

WS -3l
5.90%¢ 4954 553 5 66% 7.61°  5.05*  733® 662 404 Amendments

D C B A <o

47.7° 46.6™ 21.5% 26.4° Drought levels
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Means with the same letter or letters in each row are not significantly different at probability levels of 5%.
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Figure 3. Interaction of drought levels in application of different amounts of soil amendments on soil available
k (mg/kg) in four-leaf stage of quinoa plan (A: discharge of 25% available water, B: discharge of 40%
available water, C: discharge of 55% available water and discharge of 70% available water. C,: Control,
B,: Biochar 0.4%, B,: Biochar 0.8%, C;: Compost 0.4%, C,: Compost 0.8%, Ben;: Bentonite 0.75%,
Ben,: Bentonite 1.5%, Z,: Zeolite 0.75%, Z,: Zeolite 1.5%. Similar letters, indicate a significant difference
in the level of 5%).
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Figure 4. Interaction of drought levels in application of different amounts of soil amendments on soil available
k (mg/kg) flowering stage of quinoa plant (A: discharge of 25% available water, B: discharge of 40% available
water, C: discharge of 55% available water and discharge of 70% available water. C,: Control, B;: Biochar
0.4%, B,: Biochar 0.8%, C;: Compost 0.4%, C,: Compost 0.8%, Ben;: Bentonite 0.75%, Ben,: Bentonite
1.5%, Z,: Zeolite 0.75%, Z,: Zeolite 1.5%. Similar letters, indicate a significant difference in the level of 5%).
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Figure 5. Interaction of drought levels in application of different amounts of soil amendments on soil available k
(mg/kg) in harvest stages of quinoa plant (A: discharge of 25 % available water, B: discharge of 40% available
water, C: discharge of 55% available water and discharge of 70% available water. C,: Control, B,: Biochar
0.4%, B,: Biochar 0.8%, C;: Compost 0.4%, C,: Compost 0.8%, Ben,: Bentonite 0.75%, Ben,: Bentonite 1.5%,
Z,: Zeolite 0.75%, Z,: Zeolite 1.5%. Similar letters, indicate a significant difference in the level of 5%).
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Table 4. Analysis of variance (mean squares) effect of drought levels in amendment treatments on soil Cu, Fe,
Mn and Zn available in different stages of growth of quinoa plant.

o 2 S 25l (sl sles K2 e sz ol slajlas S e St b
Eror Effect of drought levels* Amendment treatments Amendment treatments Drought levels Sl e (1 Sle

72 24 8 3 df
0.004 0.020" 0.240" 0.914" Cu
0.004 0.018" 0.190™ 0.843" Cu,
0.002 0.024" 0.116" 0.740" Cu;
0.012 0.53" 3.817 20.50" Fe,
1.16 0.24"™ 245" 15.99" Fe,
0.48 2.91™ 12.11™ 1695.06™ Fe;
3.95 1.80™ 9.54" 17.69" Mn,
4.00 1.9™ 9.78" 11.70" Mn,
2.90 2.49™ 10.24™ 8.58" Mn;
0.003 0.034" 0.430" 0.392" Zn
0.003 0.010" 0.196" 0.205" Zn,
0.012 0.004™ 0.051" 0.13” Zns
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* % and ™ significant in 5%, 1% levels and no significant.

1: amount of soil nutrients in four-leaf stage, »: : amount of soil nutrients in flowering stage, 3: amount of soil nutrients in

harvest stage.
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Figure 6. Interaction of drought levels in application of different amounts of soil amendments on soil available Cu
(mg/kg) in four-leaf stage of quinoa plant (A: discharge of 25 % available water, B: discharge of 40% available
water, C: discharge of 55% available water and discharge of 70% available water. C,: Control, B,: Biochar
0.4%, B,: Biochar 0.8%, C;: Compost 0.4%, C,: Compost 0.8%, Ben,: Bentonite 0.75%, Ben,: Bentonite 1.5%,
Z,: Zeolite 0.75%, Z,: Zeolite 1.5%. Similar letters, indicate a significant difference in the level of 5%).
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Figure 7. Interaction of drought levels in application of different amounts of soil amendments on soil available Cu
(mg/kg) flowering stage of quinoa plant (A: discharge of 25 % available water, B: discharge of 40% available
water, C: discharge of 55% available water and discharge of 70% available water. C,: Control, B,: Biochar
0.4%, B,: Biochar 0.8%, C;: Compost 0.4%, C,: Compost 0.8%, Ben,: Bentonite 0.75%, Ben,: Bentonite 1.5%,
Z,: Zeolite 0.75%, Z,: Zeolite 1.5%. Similar letters, indicate a significant difference in the level of 5%).
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Figure 8. Interaction of drought levels in application of different amounts of soil amendments on soil available Cu
(mg/kg) in harvest stages of quinoa plant (A: discharge of 25% available water, B: discharge of 40% available
water, C: discharge of 55% available water and discharge of 70% available water. C,: Control, B,: Biochar
0.4%, B,: Biochar 0.8%, C;: Compost 0.4%, C,: Compost 0.8%, Ben,: Bentonite 0.75%, Ben,: Bentonite 1.5%,
Z,: Zeolite 0.75%, Z,: Zeolite 1.5%. Similar letters, indicate a significant difference in the level of 5%).
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Figure 9. Interaction of drought levels in application of different amounts of soil amendments on soil available Fe
(mg/kg) in in four-leaf stage of quinoa plant (A: discharge of 25% available water, B: discharge of 40% available
water, C: discharge of 55% available water and discharge of 70% available water. C,: Control, B;: Biochar
0.4%, B,: Biochar 0.8%, C,: Compost 0.4%, C,: Compost 0.8%, Ben,: Bentonite 0.75%, Ben,: Bentonite 1.5%,
Z,: Zeolite 0.75%, Z,: Zeolite 1.5%. Similar letters, indicate a significant difference in the level of 5%).
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Table 5. Effect of drought levels and amendment treatments on soil available Fe (mg/kg) in flowering stage of
quinoa plant.

Zz Z] Ben2 Bel’h C2 C] B2 B] Co

Lae S -S|
e
10.51°  9.13% 9.43° 8.79% 11.80°  9.11%  9.16*  9.00™ 8.24° Amendments

D C B A <o

10.13* 9.27" 8.78" 8.33¢ Drought levels
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Means with the same letter or letters in each row are not significantly different at probability levels of 5%.
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Table 6. Effect of drought levels and amendment treatments on soil available Mn (mg/kg) in different stages of

growth of quinoa plant.

m 1 I Slesd
Organic and mineral amendments jdse 5 L;T SlredS L

11.27¢ 12.33¢ 13.23¢ Co
12.437% 13.30°% 14.27% B,
14.06" 1478 15.73° B,
12.64% 13.437%d 14.40°% C
13.88% 14.69™ 15.56™ C,

12.27°% 12.88° 13.86° Ben,

12.587% 14.47°%° 14.63% Ben,
12.39%¢4 12.63% 13.61% Z
13.84% 13.66% 15.42°%° Z

Drought levels Six -l

12.53° 13.23 14.02° A
12.56° 13.25° 14.04° B
12.51° 13.27° 14.32° C
13.66" 14.56" 15.72° D
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Means with the same letter or letters in each row are not significantly different at probability levels of 5%.
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Figure 10. Interaction of drought levels in application of different amounts of soil amendments on soil available
Zn (mg/kg) in four-leaf stage of quinoa plant (A: discharge of 25 % available water, B: discharge of 40%
available water, C: discharge of 55% available water and discharge of 70% available water. C,: Control, B,:
Biochar 0.4%, B,: Biochar 0.8%, C;: Compost 0.4%, C,: Compost 0.8%, Ben,: Bentonite 0.75%, Ben,: Bentonite
1.5%, Z: Zeolite 0.75%, Z,: Zeolite 1.5%. Similar letters, indicate a significant difference in the level of 5%).
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Figure 11. Interaction of drought levels in application of different amounts of soil amendments on soil available
Zn (mg/kg) flowering stage of quinoa plant (A: discharge of 25 % available water, B: discharge of 40% available
water, C: discharge of 55% available water and discharge of 70% available water. C,: Control, B;: Biochar
0.4%, B,: Biochar 0.8%, C,: Compost 0.4%, C,: Compost 0.8%, Ben,: Bentonite 0.75%, Ben, :Bentonite 1.5%,
Z,: Zeolite 0.75%, Z2: Zeolite 1.5%. Similar letters, indicate a significant difference in the level of 5%).
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Table 7. Effect of drought levels and amendment treatments on soil available Zn (mg/kg) in harvest stages of
quinoa plant.

Zz Z] Ben2 Bel’h C2 C] B2 B] Co

Las LS ~Ms!
C
1.27%¢ 1.21¢ 1.26% 1.17 1.67° 135 1/31° 1.24% 1.10"  amendments

D C B A <o

1.30° 1.26® 1.21% 1.15¢ Drought levels
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Means with the same letter or letters in each row are not significantly different at probability levels of 5%.
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Abstract

Background and Objectives: In drought stress, in addition to inhibiting water uptake, the
availability and uptake of various nutrients is also limited. Proper soil nutrition through the use
of organic and inorganic modifiers is known as one of the soil management methods under
various environmental stresses.the main objective of this research is to test the performance of
concurrent application of amendents in field under ginoa.

Materials and Methods: In order to investigate the changes in the concentration of nutrients
(phosphorus, potassium, copper, iron, manganese, zinc) in soil by application of organic
amendments (rice straw biochar, municipal waste compost) and mineral amendments (bentonite
and zeolite) under drought stress, a factorial experiment was conducted based on randomized
complete block design with three replications in research greenhouse of faculty of agricultural,
University of Tarbiat Modares in 2019. Organic amendments (biochar, compost) in 2 levels
(0.4 and 0.8%) and mineral amendments (bentonite and zeolite) in 2 levels (0.75 aand 1.5%)
were used and drought stress in 4 levels (discharge of 25% available water (control), 40%, 55%
and 70% (servere stress) was applied to the soil, which was a total of 108 pots. Soil sampling
was done in three stages four-leaf stage, flowering and harvesting of quinoa.

Results: The results showed that organic and mineral amendments under different levels
of drought affected significantly on the P concentration (in four-leaf stage and flowering stage),
K (in each three stages), Cu (in each three stages), Fe in four-leaf stage and available Zn in
four-leaf stage and flowering stages of quinoa. With increasing drought levels, Application of
organic and mineral amendments increased P, K, Cu, Fe, Mn and Zn in all three sampling
stages. While the concentration of these elements in the first stage of sampling (four-leaf stage)
was more than others.

Conclusion: The results showed that the application of four soil amendments increased the
concentration of macro and micronutrient compared to control in drought stress status, but
municipal waste compost at 0.8% level and then biochar at 0.8% level could provide the most
suitable nutritional conditions in loam soil. Therefore, according to the results obtained in this
experiment, based on the findings of this study, in drought stress conditions, the use of
municipal waste compost and biochar compared to zeolite and bentonite is recommended to
improve soil nutritional status.
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